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 Preface     

  In recent years, the balance of evidence has led to 
exercise as the treatment of choice in musculoskel-
etal dysfunction. This has seen a shift in focus in 
both undergraduate and postgraduate training 
towards exercise therapy with an accompanying 
demand for appropriate texts. This book addresses 
this need and covers the fundamentals of using 
exercise as a treatment modality in the broad range 
of pathologies including osteoarthritis, infl amma-
tory arthropathies and osteoporosis. It is antici-
pated that this book will provide a good progression 
from the fundamental principles described in this 
text and would specifi cally relate these principles to 
specifi c areas and pathologies. 

 The specifi c aims of this book are to: 

   �      Provide the student with a comprehensive over-
view of the role of exercise therapy in the man-
agement of musculoskeletal disorders  

   �      Evaluate the evidence for use of exercise 
therapy as a treatment modality  

   �      Educate the student in the potential of exercise 
as a treatment modality  

   �      Provide practical ideas for use of exercise 
therapy in the management of musculoskeletal 
disorders in different areas of the body and for 
differing pathologies  

   �      Promote the use of exercise among 
physiotherapists.    

 This book is primarily aimed at undergraduate 
physiotherapy students and postgraduate physio-
therapists and other clinicians who are starting to 
design rehabilitation programmes for patients. An 
emphasis of the book is the relevance of evidence 
but there is also a practical bias with ideas of reha-
bilitation programmes and specifi c exercises.      



  To 
 Olly and Daisy, 

 Sean, 
 Robert and Gavin      



  1 The Principles of the Use of Exercise 
in Musculoskeletal Disorders 





  1 Introduction  

  John     Gormley       

   Historical  p erspectives 

 In many countries physiotherapy or physical 
therapy is the one of the largest health care profes-
sions after medicine and nursing. One of the major 
modalities of treatment at a physiotherapist ’ s dis-
posal is exercise. Examining the history of the 
profession demonstrates that exercise is a funda-
mental component of treatment. Indeed many 
would argue that exercise is the most important 
treatment available to physiotherapists. The use of 
exercise in both the prevention and treatment of 
disease and disorders pre - dates the formation of the 
physiotherapy profession. This chapter examines 
the history of exercise and its role in disease 
management.  

  History of  e xercise 

 The use of exercise to promote health was recog-
nised in China in approximately 2500 BC , when 
Hua T ’ o, a Chinese surgeon, promoted exercise 
based on the movement of animals (MacAuley, 
 1994 ). The ancient Greeks encouraged physical 

wellbeing and the greatest exponent of exercise was 
Galen. In his work, De Sanitate Tuenda dealt with 
the benefi cial effects of exercise. In explaining how 
exercise worked, the amount of exercise and the 
types of exercise, he used numerous case studies to 
illustrate his ideas (Bakewell,  1997 ). What is clear 
is that not only was the importance of exercise 
recognised by the Greeks, but also the need for a 
prescription, encompassing not only the type of 
exercise, but also the dose or amount necessary for 
wellbeing. Galen believed that exercise in a moder-
ate form was benefi cial but that excess was danger-
ous as it worked by balancing the effects of eating 
and drinking, and therefore it was important to 
avoid excess of either. 

 In the seventeenth century, the Italian mathemati-
cian Giovanni Borelli (1608 – 1679) fi rst described 
the body as a machine and used mathematics to 
describe the functioning of the body. This was the 
fi rst attempt to apply scientifi c principles to human 
movement and Borelli would be regarded as the 
father of biomechanics. As the body was described 
as a machine with moving parts, it could be con-
cluded that it needed movement for optimum effec-
tiveness (Bakewell,  1997 ). In 1740, a French doctor, 
Nicolas Andry (1658 – 1742) wrote a book entitled 
 L ’ Orthopedie , in which he described the need for 
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4 Exercise Therapy in the Management of Musculoskeletal Disorders

correct posture to prevent and treat deformities of 
the spine and also the need for active exercise rather 
than passive movement. 

 The idea that exercise was benefi cial for the 
human body was hampered in the eighteenth 
century by a number of renowned British physi-
cians including John Hunter (1728 – 1793), who 
promoted rest for the treatment of  ‘ disablements ’  
(Buckwalter,  1995 ). One of the greatest exponents 
of the use of rest was the Liverpool physician Hugh 
Owen Thomas (1834 – 1878), who is regarded as 
the father of British orthopaedics and during his 
career invented the Thomas splint for a fractured 
femur. He advocated that healing was enhanced by 
rest and that early mobilisation only caused adhe-
sions. It is interesting that this philosophy is con-
trary to modern - day treatments for musculoskeletal 
disorders. 

 Contrary views to this pervading opinion were 
put forward by Julius Wolff (1836 – 1902) and Just 
Lucas - Championniere (1843 – 1913). Wolff pro-
posed Wolff ’ s Law: that mechanical stress altered 
bone and that bone was laid down at sites of stress 
and reabsorbed at sites where there was little stress. 
Lucas - Championniere, a French physician, argued 
that rest was detrimental to the musculoskeletal 
system and that fractures (especially those near 
joints) were best treated by early mobilisation and 
by massage. Although Wolff and Lucas -
 Championniere ’ s theories have been subsequently 
proved to be correct, it was not until the mid 1950s 
that early exercise and mobilisation in the treat-
ment of fractures started to become accepted.  

  Exercise and  p hysiotherapy 

 The major changes in the use of exercise came 
about in the twentieth century, with an increase in 
knowledge and with the formation of the physio-
therapy profession. The origins of the physiother-
apy profession can be traced back to 1894 as the 
Society of Trained Masseuses, which became a legal 
and professional organisation in 1900 as the 
Incorporated Society of Trained Masseuses. In 
1920, exercise was incorporated as part of the pro-
fession when the Incorporated Society of Trained 
Masseuses amalgamated with the Institute of 
Massage and Remedial Gymnastics. In 1944 the 

society was renamed the Chartered Society of 
Physiotherapists. Treatment at this time primarily 
consisted of exercise, electrotherapy and massage. 
Gymnasiums were a common sight in physiother-
apy schools and exercise was a major component 
of the physiotherapy curriculum, which required 
students to undertake physical education classes. 

 Physiotherapists at this time, however, were not 
autonomous professionals as they had their treat-
ments prescribed by doctors. In 1977, physiothera-
pists gained professional autonomy, therefore 
allowing them to treat patients as they felt appro-
priate. The fact that up to 1977 physiotherapists 
were unable to carry out treatment as they thought 
appropriate was not conducive to either innovation 
or to research. Despite physiotherapists using exer-
cise on a daily basis, most of the advances in exer-
cise therapy came from the fi elds of exercise 
physiology, biomechanics and medicine. This 
research led to a greater understanding of how the 
body works and how exercise can benefi t all the 
major systems in the body. 

 The changes in 1977 and the movement of physi-
otherapy education into universities provided an 
opportunity for increased innovation and research 
in exercise therapy. Furthermore, in 1986 the 
Remedial Gymnasts Board was disbanded and 
remedial gymnasts became members of the physi-
otherapy profession. It is therefore surprising that 
interest in exercise as a treatment appeared to 
decrease in the 1990s. The reasons for this are 
unclear but are probably multifaceted, spanning 
changes in undergraduate curricula, increased spe-
cialisation and new technology. In recent years 
there has been a renewed interest in exercise and its 
benefi cial effects not only among physiotherapists 
but also in health care in general.  

  The  b enefi ts of  e xercise 

 Exercise has benefi cial effects on the cardiovascular 
system and the musculoskeletal system and indeed 
other body systems, but it is in the cardiovascular 
and musculoskeletal systems that the effects are 
most obvious. Aerobic exercise leads to a decreased 
demand on the heart at any particular workload 
with decreased blood pressure and decreased heart 
rate, increased stroke volume and consequently at 
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a given heart rate, an increased cardiac output. 
Muscles become more effi cient in extracting oxygen 
from the circulating blood through an increase in 
the number and size of mitochondria. In bone, there 
is an increase in the density of weight - bearing bones 
and therefore is recommended for the prevention of 
osteoporosis in at - risk groups, e.g. post - menopau-
sal women. Exercise also has benefi cial effects on 
the density of bone in non - weight - bearing bones. 
Upper limb athletes, e.g. tennis players, have greater 
bone density in their dominant arm compared with 
their non - dominant arm (Kontulainen  et al .,  1999 ). 

 Strength training in itself will not necessarily lead 
to the changes in blood pressure, heart rate and 
stroke volume as seen with aerobic exercise. At the 
level of muscle there will be an increase in the size 
of fast twitch muscle fi bres, which accounts for the 
hypertrophy of muscles and also neuromuscular 
adaptations, leading to a more effi cient muscle con-
traction. Strength training increases the strength of 
ligaments and tendons and can lead to increased 
bone density. The increase in bone density seen in 
resistance training is greater compared with the 
changes seen in aerobic training. Cumulatively 
exercise has effects throughout the body. 

 Exercise is an active treatment which needs the 
co - operation and assent of the individual to be 
treated. Exercise programmes and exercise pre-
scriptions therefore rely on the participation of the 
individual, and will not be successful if an indi-
vidual is not compliant with their prescription. The 

lack of compliance or adherence to exercise pro-
grammes is one of the greatest reasons for poor 
results. Individuals often want a  ‘ quick fi x ’ , i.e. a 
painkiller or a manipulation, so exercise may not 
be popular with many patients. It is therefore 
important that physiotherapists explain and 
educate people about their condition and their 
exercise programme in order to achieve high 
levels of adherence. 

 This chapter reviewed how the use of exercise 
has developed over the centuries. The following 
chapter examines the practical application of exer-
cise in the management of musculoskeletal 
disorders.  

  References 
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  2 The Role of Exercise in Managing 
Musculoskeletal Disorders  

   SECTION 1: INTRODUCTION 
AND BACKGROUND 

    Chapter  1  reviewed how the use of exercise has 
developed over the centuries. This chapter will 
examine the practical application of exercise in the 
management of musculoskeletal disorders. The 
intention is not to be too condition -  or joint - specifi c 
as these areas will be examined in detail later in the 
book. The aims of this chapter are to: 

   �      Review current evidence and emerging bias 
towards exercise as a modality of choice over 
the past 10 years  

   �      Discuss different areas of exercise: aerobic 
training; strength training; range of movement 
and fl exibility exercise; proprioceptive and 
balance training  

   �      Examine modalities and techniques employed 
when prescribing exercise.     

  Evidence for the  r ole of  e xercise in 
 m anaging  m usculoskeletal  d isorders 

 A search of the literature was conducted using the 
keywords musculoskeletal    ±    disorder, disease, 
injury, dysfunction and exercise. The search engines 
that were employed were: Medline, PubMed, 
Cinahl, Science Direct, PEDro,  Cochrane Database 
of Systematic Reviews  and Google Scholar. A 
number of trials have focused on the effi cacy of 
therapeutic exercise in specifi c areas of disorder 
such as low back pain and whiplash. Other trials 
are less specifi c and have examined the infl uence of 
exercise on pain or disability associated with mus-
culoskeletal disorders. 

 A small number of trials have examined the role 
of exercise on long - term musculoskeletal health in 
a large cohort. These trials are both prospective and 
longitudinal in design. Bruce  et al .  (2005)  studied 
the long - term impact of running and other aerobic 
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ship between levels of physical activity and stiff or 
painful joints in a 3 - year prospective study. In a 
cohort of 8770 women (mid - age and older) it was 
found that both mid - age and older women who 
were active at low, moderate or high levels had 
signifi cantly lower odds of reporting stiff or painful 
joints than their sedentary counterparts. This was 
particularly noted in the older age group and the 
authors suggested that this study was the fi rst to 
show a dose – response relationship between physi-
cal activity and arthritis symptoms. While the previ-
ous study focused on older women, Pihl  et al . 
 (2002)  examined whether the physically active life-
style of physical education teachers reduced their 
risk of musculoskeletal disorders when compared 
with sedentary controls. The researchers estab-
lished that the lifestyle of physical education teach-
ers led them to have signifi cantly lower adjusted 
risk of all musculoskeletal disorders as well as 
improved body composition in comparison with 
the control group. 

 The evidence reviewed above and that which will 
follow in the book, on balance, supports therapeu-
tic exercise in the management of musculoskeletal 
disorders. However, it is pertinent to examine the 
role of exercise or activity in itself as a risk factor 
for musculoskeletal disease. There are two main 
areas where exercise or activity has been established 
as increasing the risk of developing musculoskeletal 
disorders, that is, in sport and in certain occupa-
tions. Increasing evidence from the past decade has 
strengthened the relationship between occupational 
activities and the risk of developing and accelerat-
ing osteoarthritis (Conaghan,  2002 ). McLindon 
 et al .  (1999)  established that the number of hours 
of heavy physical activity was linked to the risk of 
radiographic knee osteoarthritis with the risk 
increasing in obese people. However, the injuries 
were associated with heavy lifting and high levels 
of squatting and kneeling. Kujala  et al .  (1994)  dem-
onstrated an increased risk of developing osteoar-
thritis in the lower limbs in former male elite 
athletes in a retrospective study of 2049 subjects. 
However, the evidence is still biased towards mod-
erate levels of activity having benefi cial effects on 
the musculoskeletal system for both management 
and prevention of musculoskeletal disorders. 
Studies which highlight exercise as a risk factor for 
disorders consistently identify high levels of loading 
as being the causative element, and clinicians who 
prescribe exercise must be aware of this. 

exercises on musculoskeletal pain in a cohort of 
healthy ageing male and female seniors. The pro-
spective study was carried out over 14 years. The 
cohort of 866 individuals was stratifi ed into runners 
and community - based controls. Pain was the 
primary outcome measure and was assessed in 
annual surveys. The subjects were further stratifi ed 
into  ‘ ever - runners ’  and  ‘ never - runners ’  to include 
runners who had stopped running. It was found 
that runners had a lower body mass index (BMI) 
and less arthritis than community controls, and 
although they reported slightly more fractures, this 
result was not signifi cant. Likewise, the ever - runners 
had lower BMI and less arthritis than controls. 
Exercise was associated with signifi cantly lower 
pain scores in both the runners and ever - runners 
when compared with controls. The authors con-
cluded that consistent exercise patterns over the 
long term in physically active seniors are associated 
with about 25% less musculoskeletal pain than 
reported by sedentary controls. 

 Berk  et al .  (2006)  concluded that exercise can 
have a benefi cial effect on postponement of disabil-
ity due to musculoskeletal disease, even if intro-
duced at a later stage in life. A prospective cohort of 
549 patients was studied annually for 16 years using 
a Health Assessment Disability Index as the outcome 
measure. All patients were given a rating to describe 
their levels of general activity at baseline and at the 
end of the study. While active exercisers performed 
well at the end of the study in comparison with the 
cohort that had remained sedentary, it was found 
that participants who were initially inactive but 
increased their activity levels as the study progressed 
achieved excellent end - of - study values, which were 
similar to the values in those who were active 
throughout. The authors concluded that exercise 
has benefi ts for the musculoskeletal system even if 
introduced later in life. The implications for the 
clinician of the above studies relate to the impor-
tance of education for all patients and that exercise 
can be introduced at any time for any patient to 
provide benefi t to the musculoskeletal system. The 
studies also clearly point to the fact that lack of 
activity is a risk factor for musculoskeletal disease. 

 Establishment of risk factors for any disorder or 
disease is one of the fi rst lines of long - term manage-
ment for any clinician. A small number of studies 
have specifi cally addressed exercise/activity and its 
relationship to the onset of musculoskeletal disor-
ders. Heesch  et al .  (2006)  examined this relation-
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  Do moderately intense cardio 30 minutes a day, 
5 days a week  
 Or 
  Do vigorously intense cardio 20 minutes a day, 
3 days a week  
 And 
  Do 8 – 10 strength - training exercises, 8 – 12 repeti-
tions of each exercise twice a week.  

 The clinician who is prescribing exercise must 
consider the two main principles of training, which 
are overload and specifi city. When considering the 
components of fi tness, these principles can be most 
effectively applied to aerobic fi tness, muscle 
strength, and endurance and fl exibility. The princi-
ple of overload states that for an organ or tissue to 
improve its function, it must be exposed to loading 
at a level to which it is not accustomed (ACSM, 
 2000 ). The principle of specifi city states that train-
ing effects form an exercise modality are specifi c to 
the exercise performed and the muscles involved. 
This is seen when high - repetition, low - load exercise 
produces an increase in muscular endurance but 
little increase in strength. Conversely, high - load and 
low - repetition exercise will increase strength but 
will have little effect on endurance (ACSM,  2000 ).  

  Components of an  e xercise  s ession 

 Designing an exercise programme requires consid-
eration of the distinct phases of a session, which are 
defi ned in sequence as: 

   �      Warm - up  
   �      Endurance phase  
   �      Recreational activities  
   �      Cool - down.    

 Traditional clinical treatment sessions would fre-
quently introduce exercise to include one or more 
components at the end of a modality, such as 
manipulation. However, best practice is to structure 
a programme and to ensure that all components are 
covered. It is common to focus on one area such as 
strength training and neglect to include other areas 
in the patient ’ s treatment plan, which demonstrates 
a lack of consideration for the patient ’ s general 
health. Focusing on one area such as strength train-
ing does not consider the overall benefi ts of all 
components of fi tness to the musculoskeletal 

 In conclusion, exercise has been shown in a 
number of high - quality trials to have benefi ts both 
in the management and prevention of musculoskel-
etal disorders. While there is some evidence that 
exercise may have harmful effects on the muscu-
loskeletal system in the form of disease or injury, 
this is almost exclusively associated with abnormal 
or high levels of loading.   

  SECTION 2: PRACTICAL 
APPLICATION OF EXERCISE 

  Components of  fi  tness 

 The components of fi tness may be described as the 
following: aerobic or cardio - respiratory fi tness; 
muscle strength and endurance; fl exibility or range 
of motion (ROM); and body composition (American 
College of Sports Medicine (ACSM),  2000 ). 
However, a frequent inclusion in recent years is 
balance, co - ordination and proprioception (Shankar, 
 1999 ). Body composition depends on many factors 
including genetics, activity levels and diet, and for 
the purposes of this text will be addressed primarily 
in Chapter  15 , which deals with obesity. Therefore, 
the components of fi tness which will be referred to 
throughout this text may be summarised as: 

   �      Aerobic or cardio - respiratory fi tness  
   �      Muscle strength and endurance  
   �      Flexibility or ROM  
   �      Balance, co - ordination and proprioception.     

  Exercise  p rescription 

 Prescription of exercise requires a clear understand-
ing of the components of fi tness and knowledge of 
appropriate levels of intensity, frequency and dura-
tion of each element that will be suitable for each 
patient. Beyond prescribing specifi c exercise, the 
health benefi ts of general exercise should be consid-
ered, particularly at initial assessment. In 2007, the 
ACSM revised its guidelines for levels of physical 
activity that are required to see health benefi ts. For 
healthy adults under age 65, it is now recommended 
that they (ACSM,  2008 ): 
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  Recreational  a ctivities 

 Inclusion of games, skills or challenges following 
the endurance phase may make the programme 
more interesting and encourage the patient to 
adhere to the programme. This may be particularly 
important in the rehabilitation of an athlete or an 
individual with an occupational injury.  

  Cool -  d own 

 The purpose of the cool - down is to facilitate a 
graduated return to the pre - exercise state. It allows 
heart rate and blood pressure to return to normal 
and enhances lactate removal. The format should 
be very similar to the warm - up and should include 
exercise of diminishing intensity. In practical terms, 
it presents an opportunity for the clinician to further 
assess the patient ’ s response to the programme.   

  Prescription of  a erobic  e xercise 

 The benefi ts of aerobic exercise for the muscu-
loskeletal system were outlined in the previous 
chapter. The aim of prescription of aerobic exercise 
is to generate an improvement in maximal oxygen 
consumption (VO 2max ). The VO 2max  of an individual 
defi nes their aerobic capacity and is a measure of 
their maximal oxygen uptake. Endurance training 
has the effect of making the cardio - respiratory 
system more effi cient when the training is per-
formed regularly, and consequent improvements 
will be seen in the VO 2max . As the VO 2max  and heart 
rate of an individual are related in a linear fashion, 
measurement of heart rate during exercise is a good 
refl ection of the individual ’ s VO 2max  or aerobic 
capacity. It must be remembered that changes not 
only take place in the cardiac and pulmonary 
systems but also at a localised muscular level. 
Changes in VO 2max  are directly related to the inten-
sity, frequency and duration of the prescribed exer-
cise and these elements should be given primary 
consideration in exercise prescription. 

  Type of  e xercise 

 There are many factors to consider when pre-
scribing aerobic exercise for the patient with a 

system, as outlined in the previous chapter. A pro-
gramme that is designed into the phases listed 
above is more likely to cover all components of 
fi tness in a more structured way. 

  Warm -  u p 

 The warm - up facilitates a transition for the body 
to move from a state of rest to exercise. It allows 
the heart rate to achieve a steady increase to exer-
cising levels, facilitates increased blood fl ow to 
muscles and may increase soft tissue extensibility 
and thus enhance performance and reduce injury. 
The warm - up should consist of around 10 minutes 
of low - intensity exercise which facilitates activity in 
large joints such as the hips, knees and shoulders 
and uses large muscle groups. A good example of 
such exercise would be deep knee bends with arm 
swinging or step - ups. 

 Stretches should follow this activity with specifi c 
joint and muscle groups targeted individually for 
the patient. Consideration should also be given to 
the level of loading which specifi c muscle groups 
will experience during the activity which will follow. 
A generic stretching programme should be avoided 
as this may fail to target important areas for indi-
vidual patients and may lead to lengthy stretching 
programmes that interrupt the fl ow of the warm -
 up. Stretching and fl exibility are discussed later in 
this chapter. 

 The fi nal stage of the warm - up will allow the 
heart rate to reach the target exercise levels and 
thus will include more high - level aerobic activity, 
which may start to replicate that used during the 
endurance phase.  

  Endurance  p hase 

 The endurance phase develops cardio - respiratory 
fi tness and should comprise about 10 – 60 minutes 
of continuous or intermittent aerobic activity. This 
should be set at a level that is appropriate for the 
patients and is based on previous assessment of 
levels of fi tness. Activities which use large muscle 
groups should be employed for optimal effect. The 
duration of this phase should be inversely related 
to the intensity of the activity. Resistance training 
and specifi c exercise in a rehabilitation programme 
may be included in this phase (ACSM,  2000 ).  
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can make the exercise more challenging such as 
adding in defi nite arm movements with weights in 
the hands, as seen in power walking (Fig.  2.1 ), 
which encourages the recruitment of more muscle 
groups and enhances the aerobic effect. Nordic 
walking uses poles in the hands, which not only 
encourages greater use of the trunk and upper limbs 
but also enhances stability for those who may be 
challenged by balance (Fig.  2.2 ).   

musculoskeletal disorder. The usual recommenda-
tion is to prescribe exercise which uses as many 
large muscle groups as possible in a repeated, 
aerobic pattern  –  clear examples are running and 
swimming. However, prescribing exercise in a 
patient with a musculoskeletal disorder can present 
a challenge as their condition may limit their func-
tion. The clinician needs to have a good under-
standing of the limitations of the disorder and 
prescribe a mode of exercise accordingly. One of 
the most challenging aspects of designing an aerobic 
exercise programme is to plan one to which the 
patient will adhere in the long term. Short - term 
adherence is frequently managed by asking the 
patient to attend for supervision on a regular basis, 
however, long - term benefi ts to the patient ’ s health 
will only be seen when the mode of exercise is 
maintained. Therefore it is important that very 
careful consideration is given to the mode of exer-
cise that is selected. Most ambulant patients with a 
musculoskeletal disorder, provided it is not severe 
and in the lower limbs, will be able to commence 
a walking programme. The benefi ts of walking are 
that patients are familiar with the exercise and that 
they are often easily able to fi t it into their lifestyle 
as no equipment is needed. However, there is a risk 
that walking would be performed at a level which 
is too low and therefore insuffi cient to challenge the 
cardiovascular system, particularly as it may be 
performed with minimal movement of the trunk 
and upper limbs. Some simple and safe adaptations 

     Figure 2.1     Power walking.  

     Figure 2.2     Nordic walking.  
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a lower limb injury may commence aqua jogging 
using a fl otation vest, which will ensure that similar 
muscle groups and kinematics will be employed 
during rehabilitation. It should also be remembered 
that an athlete will have a much higher starting 
point in terms of fi tness and may need to be pre-
scribed higher intensity exercise as their goal is to 
maintain fi tness rather than achieve it.  

  Exercise  i ntensity 

 There are a number of different methods of setting 
the exercise intensity but the mode which may be 
most practical and simple for the musculoskeletal 
clinician involves prescribing as a percentage of 
maximum heart rate (HR max ). The ACSM  (2008)  
recommends between 55/65% up to 90% of HR max  
to achieve benefi t. While those individuals whose 
are very unfi t at the start of the programme would 
require prescription at the lower end of intensity, 
those who are fi t would be working at the upper 
end of intensity. For the average individual, pre-
scription at 70 – 80% of HR max  would be suitable to 
see improvement. Best practice requires establish-
ment of the patient ’ s HR max  by means of a progres-
sive physiological or  ‘ step ’  test. However, the 
equation which estimates the HR max  (below) may 
be used when this is not available, i.e.

   Estimated HR agemax .= −220    

  Exercise  d uration 

 The duration of exercise is governed by the inten-
sity as high intensity exercise will require shorter 
duration periods than low intensity to achieve the 
same benefi ts. The ACSM guidelines outlined 
earlier in the chapter should be reviewed to estab-
lish minimum requirements for each patient. In 
general, for the average individual who is exercising 
at 70 – 80% of HR max , a duration of 20 – 30 minutes 
excluding warm - up and cool - down will be suffi -
cient to benefi t the patient. As mentioned previ-
ously, this should be adapted accordingly for the 
very unfi t or conversely, the very fi t patient.  

  Exercise  f requency 

 Exercise frequency for the musculoskeletal patient 
may be governed by clinical visits which may be 

 Swimming is an excellent exercise as it does not 
load the joints and recruits most of the major muscle 
groups. However, many adults are poor swimmers 
or may not have easy access to a pool as public 
leisure centres become scarcer. However, if it is 
enjoyed by the patient, a good swimming pro-
gramme can be very benefi cial. Hydrotherapy which 
involves exercise in heated water has been shown to 
present numerous benefi ts in patients with muscu-
loskeletal disease. Many hospital physiotherapy 
departments would have such a pool and this should 
be considered if it is available. However, this is fre-
quently only offered as a short course of treatment 
and consideration needs to be given to a mode of 
exercise which will be used in the long term. 

 Cycling is a good source of challenge to the 
cardio - respiratory system and has the advantage 
that it may be used as a mode of transport for some 
patients and therefore can be a lifestyle change. 
Exercise of the trunk and upper limbs is minimal 
but it may be suitable for patients who have a lower 
limb disorder. An exercise bike can be used by those 
who are nervous of cycling in traffi c; patients can 
purchase cycling  ‘ rollers ’  from any bicycle shop to 
convert a normal bike into one that is stationary 
(Fig.  2.3 ).   

 Prescription of exercise when rehabilitating an 
athlete requires specifi c consideration. The aim 
should be to return the athlete to their sport as 
quickly as possible. Loss of aerobic fi tness during 
rehabilitation of an injury will prevent a rapid return 
to a competitive environment, which is the primary 
concern for most athletes. The type of aerobic exer-
cise should be as close to their sport as possible, with 
adaptations if necessary. For example, a runner with 

     Figure 2.3     Bicycle on  ‘ rollers ’ .  
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which the patient may adapt to their lifestyle to 
facilitate long - term benefi ts.   

  Prescription of  m uscle  s trength and 
 e ndurance  e xercise 

 Strength is regarded as the maximum force that a 
muscle can exert and endurance refers to the ability 
to maintain the force over time. Both are required 
for normal function of muscles and different 
muscles have different functions. Some muscles 
have a greater proportion of slow twitch or type I 
fi bres and thus demonstrate greater endurance, 
such muscles are associated with functions such as 
postural control. Other muscles have a greater pro-
portion of fast twitch or type II fi bres and are 
associated with rapid generation of force. Resistance 
training improves the capacity of a muscle to gener-
ate and/or maintain force. When prescribing resist-
ance training, the overload principle should be 
applied. This may be achieved by increasing the 
load, the number of repetitions or the number of 
weight - training sessions above levels normally 
experienced. Muscle strength is developed by using 
low repetitions, typically 8 – 12 repetitions, with a 
resistance or weight which is close to the maximum 
that may be lifted or moved. To improve muscle 
endurance, high repetitions with low load are 
employed. 

  Types of  r esistance 

 Huber and Wells  (2006)  defi ne the modes of resist-
ance exercise as  isometric  (constant length),  isot-
onic  (constant tension),  isokinetic  (constant 
velocity) and  plyometric  (increased length). The 
most commonly used resistance exercise is isotonic 
muscle work in the form of free or machine - based 
weights. Resistance may be manual, given by the 
clinician, or mechanical, in the form of resistance 
from machine, free, pulley or elastic - based weights.  

  Isometric  e xercise 

 Isometric resistance may be given by the therapist, 
gravity or by a constant weight. Isometric exercise 

limited to once or twice per week. However, optimal 
benefi ts will be achieved with three to fi ve sessions 
per week. This demands adherence by the patient 
that may be achieved in a number of ways, the 
most successful of which requires that the patient 
is supervised in a clinic or gym. However, this is 
both costly and not practical, particularly as long -
 term benefi ts are only achieved by maintenance 
of the programme following discharge. Training 
diaries may be useful as are classes at a local 
gym, and the aim should be to educate the patient 
regarding the importance of maintaining the exer-
cise frequency. Of course, for the Olympic athlete 
who is already doing two aerobic training sessions 
daily, this should be replicated in rehabilitation to 
maintain fi tness. The patient who is starting from 
a very low fi tness level may achieve benefi ts by 
starting at two sessions per week. Although the 
frequency must be adjusted for each patient, the 
ultimate goal for the average individual should be 
to at least meet the minimum requirements as rec-
ommended by the ACSM and outlined earlier in the 
chapter.  

  Progression of the  p rogramme 

 The rate of progression of the programme will 
depend on the patient and their goals, which will 
have been established at the original assessment. As 
this text is concerned with rehabilitation of muscu-
loskeletal injury, it will also depend on the rate of 
resolution of the injury. The intensity, duration and 
frequency of exercise may be low (40 – 50% HR max ), 
short (15 minutes) and limited to three times per 
week for the patient who is commencing the pro-
gramme. The ultimate aim would be that this 
patient will have progressed to moderately intense 
exercise for 30 minutes, fi ve times a week, or vigor-
ously intense exercise for 20 minutes, three times a 
week. The programme should be commenced with 
caution, and assessment should always be ongoing 
and the patient ’ s response to the programme should 
be constantly monitored. As the patient fi nds that 
the programme becomes less challenging, which 
may be demonstrated when the established exercise 
intensity is no longer enough to reach heart rate 
goals, then intensity, frequency and duration 
may be increased gradually and with caution. 
Maintenance of improvement should be considered 
at discharge and a programme should be planned 
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effi cacy of the exercise as the patient compensates 
for muscle weakness by activating other muscle 
groups. Free weights using hand - held weights, bars 
and discs such as Olympic weights, elastic resist-
ance and gym balls among others are perhaps the 
most effective but most challenging mode of muscle 
strengthening. Free weights require good control 
and good technique that should be taught by the 
therapist prescribing the exercise. Trick movements 
are common when free weights are employed par-
ticularly as a patient tries to employ gravity or 
momentum to aid movement of a weight. Figure 
 2.5 a demonstrates poor technique in a squat exer-
cise; the weight is too heavy and the patient cannot 
maintain good position of the lower limbs as they 
return to a standing position. In Figure  2.5 b, the 
weight is lighter and the patient is encouraged to 
keep the hips and knees in the midline to facilitate 
the correct exercise.    

  Plyometric  e xercise 

 Plyometric exercise prescription is based on the 
physiological principle that a maximum contrac-
tion follows a maximum stretch during an eccentric 
action. A concentric action follows an eccentric 
action to produce an optimum concentric action 
(Huber and Wells,  2006 ). A typical example is a 
high jump followed by a deep squat. Such exercise 
is most suitable in the rehabilitation of athletes 
where it will replicate their sport and thus apply the 
principle of specifi city well.  

  Open  v ersus  c losed 
 k inetic  c hain  e xercise 

 It is pertinent at this point to make a short note 
regarding the benefi ts of open versus closed kinetic 
chain exercise. The kinetic chain refers to the limb 
which is linked by a series of joints. In a closed 
kinetic chain, the end of the chain is in contact with 
or  ‘ planted ’  on a surface so the foot or the hand 
will be resisted by the surface, for example, when 
performing a standing squat. In an open kinetic 
chain, it is not fi xed and can move freely as seen 
when sitting on a stool and swinging the lower leg 
forwards. The type of muscle activity which is 
observed is quite different in the two types of exer-
cise. One of the advantages of the closed kinetic 

is benefi cial when low loading and low levels of 
balance and control are required. It is also useful 
in rehabilitation of musculoskeletal injury when 
range of joint motion is limited or when there is a 
desire to strengthen a muscle in a particular point 
in a movement arc. There is a lack of consensus 
regarding time of contraction, but 10 seconds is a 
good minimum starting point. Isometric exercise 
may be selected to work a small group of muscles. 
Multiple muscle groups may be exercised isometri-
cally by using a more complex activity such as a 
squat while holding a medicine ball (Fig.  2.4 ).    

  Isotonic  e xercise 

 Isotonic exercise may be facilitated using machine, 
elastic resistance, pulleys, hydraulic or free weights 
with or without gravity assistance or resistance. 
One of the advantages of this method is that it is 
frequently measurable in that the weight can be 
fi xed at a specifi c resistance (measured in kilo-
grams). This enhances prescription and measure-
ment of progression. Machines and pulleys 
frequently help isolate activity to a joint or limb by 
fi xing the rest of the patient ’ s body. The disadvan-
tage of this is that incorrect technique and  ‘ trick 
movements ’  may be easily applied, decreasing the 

     Figure 2.4     Isometric activity of a number of muscle groups.  
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blood pressure. Increases in blood pressure during 
high resistance exercise, particularly isometric exer-
cise, are much greater than that during continuous 
aerobic exercise. Thus prescription of resistance 
exercise for the patient with both musculoskeletal 
and cardiovascular disease must be considered 
carefully.   

  Prescription of  r ange of  m otion or 
 fl  exibility  e xercise 

 The area that appears to inspire the greatest con-
troversy in inclusion in fi tness programmes is that 
of prescription of stretching exercises, which are 
also known as fl exibility or ROM exercises. The 
area of greatest debate is around the benefi ts of 
stretching programmes in reducing risk of muscu-
loskeletal injury. There is a wealth of research in 
the area and the reader is encouraged to analyse 
this in a critical manner. Many of the studies lack 
robust methodology and there still appears to be no 
clear consensus (Thacker  et al .,  2004 ; Fradkin  et 
al .,  2006 ; Small  et al .,  2008 ) although many expe-
rienced clinicians and patients alike (particularly 
athletes) present anecdotal evidence of its effi cacy. 
Some of this research is presented in the later 
chapters dealing with specifi c joints. For the pur-
poses of this chapter, a simplistic view is taken in 

chain is that multiple muscle groups are recruited 
and that there are increased proprioceptive demands 
on the joints.  

  Intensity,  f requency and  v olume 
of  e xercise 

 The intensity of exercise is measured by establishing 
the 1RM, which is the maximum weight that an 
individual can lift or move once through the full 
ROM. Strength gains will be established when the 
weight is set at 60 – 70% of the 1RM and repetitions 
of up to 15 performed twice a week (see ACSM 
guidelines above). To improve endurance, lighter 
weights and higher repetitions are prescribed. When 
rehabilitating a musculoskeletal injury, it may not 
be possible to establish the 1RM; in this instance a 
conservative estimate with careful monitoring may 
be the most appropriate approach. There are many 
theories regarding muscle strengthening and the 
reader is encouraged to explore this further to 
develop a more comprehensive understanding. 

 Strength and endurance training is frequently 
at the core of a programme to rehabilitate a 
patient with a musculoskeletal disorder. The later 
chapters of this book will describe the joint - specifi c 
approaches to this modality with supporting evi-
dence. As many patients have multiple pathologies, 
other factors must be considered in the prescription 
of strengthening exercise, in particular its effect on 

     Figure 2.5     (a) Poor technique in a 
squat exercise, note the position of the 
lower limbs. (b) Correct technique in a 
squat exercise.  (a) (b)
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or pulleys may help the patient move the joint 
further (Fig.  2.6 ).    

  Types of  s tretching 

 Stretching exercises should complement ROM 
exercise and good practice demands that stretching 
is preceded by active or passive ROM exercise to 
assess the integrity and limitations of a joint. The 
addition of stretching exercise allows increases in 
the ROM. There are a number of different types of 
stretches, which are frequently described as  static , 
 proprioceptive neuromuscular facilitation  ( PNF ) 
and  ballistic.  

  Static  s tretching 

 A static stretch involves moving a joint to its end 
point or slowly stretching a muscle until mild dis-
comfort is experienced. The position is held for an 
extended period of time. There is no consensus 
regarding the optimal time to hold the stretch and 
anywhere between 10 and 30 seconds has been 
suggested. However, most clinicians would suggest 
that a stretch time of at least 20 seconds and prefer-
ably 30 seconds or more is required to observe a 
relaxation in the muscle as the stretch response of 
the muscle spindle subsides, which allows further 

that a healthy and functioning joint will move 
through its full ROM and rest in a neutral position, 
allowing those around it to do likewise. When there 
is limitation of ROM, which may be due to many 
factors including muscle shortness or imbalance, 
the normal function of the whole kinetic chain is 
compromised. Thus a fi tness programme should 
aim to achieve optimal ROM of joints and exten-
sibility of soft tissues to enhance function with an 
argument that it may also reduce risk of injury. 

 A number of different types of exercise increase 
ROM: passive, active and active - assisted. 

  Passive  e xercise 

 Passive ROM exercise is the most simple and must 
be performed by a clinician on a patient. Such a 
movement will be performed during routine assess-
ment of a patient with a musculoskeletal disorder 
to establish joint integrity and limitations of move-
ment. It is useful when active movement is painful, 
as in the case of muscular injury, but of course it is 
labour intensive. Passive ROM exercise will fre-
quently be a starting point with little stretching 
taking place, however, to progress the joint ROM, 
the joint should be stretched at the end of range 
except in cases where further damage or instability 
may occur.  

  Active  r ange of  m otion 

 Active ROM exercise involves the patient actively 
taking the joint through the full ROM. Stretches 
may then be added on to increase the ROM by 
pushing the movement beyond its original end 
point. Such exercises can be easily included in an 
aerobic programme. The sedentary patient who is 
starting a programme may have limited ROM in a 
number of joints as a result of inactivity and may 
benefi t from inclusion of very simple ROM exer-
cises, which often are well placed in the warm - up 
section of a programme.  

  Active -  a ssisted  r ange of 
 m otion  e xercise 

 Some patients may be unable to achieve full ROM 
actively but with limited help may reach target 
levels. Use of the other limb or props such as sticks 

     Figure 2.6     Active - assisted exercise using a stick to increase 
range of motion in the shoulder.  
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less popular as it has been suggested that the rapid 
movement involved may activate the muscle spindle 
and thus reduce the potential to increase ROM. 
This type of stretching may not be suitable for 
many patients with musculoskeletal disorders but 
is popular with athletes (following a static stretch) 
as it replicates movements performed during sport-
ing activity.   

  Frequency,  i ntensity and  d uration 

 Compared with the other areas of fi tness, there is 
limited consensus regarding optimal dosage 
required to achieve good ROM and fl exibility. A 
good rule to follow would be to include stretches 
in the warm - up of any aerobic or strengthening 
programme and to pay regular attention to those 
muscle groups or joints where limitations have been 
noted. The ACSM  (2000)  suggests: 

   Type:  A general stretching routine that exercises 
major muscle and/or tendon groups using static 
or PNF techniques  

   Frequency:  A minimum of 2 – 3 days per week  
   Intensity:  To a position of mild discomfort  
   Duration:  10 – 30 seconds for static, 6 - second con-

traction followed by 10 – 30 seconds of assisted 
stretch for PNF  

   Repetitions:  three to four for each stretch.      

movement or stretch. The stretch can be performed 
by a therapist, who assists in achieving optimum 
length of the muscle or joint ROM, or a patient 
may apply overpressure themselves to facilitate the 
same action. This is probably the safest type of 
stretch.  

   PNF  

 PNF stretching involves activating either the agonist 
or antagonist muscles immediately before a stretch 
is performed. This is based on the theory of recipro-
cal inhibition in which the maximum activation of 
one muscle inhibits activation of its antagonist, thus 
allowing optimal relaxation and stretching. This 
type of stretching often includes the  ‘ hold - relax ’  
technique, where a therapist stretches a muscle to 
resistance, resists an isometric contraction of a 
muscle for around 10 seconds, following which the 
therapist asks the patients to relax and stretches the 
muscle further. In Figure  2.7 a the therapist resists 
an isometric contraction of the hip extensors and 
follows this with a stretch (Fig.  2.7 b).    

  Ballistic  s tretching 

 Ballistic stretching involves bouncing movements 
with the aid of momentum to increase ROM, 
for example kicking a straight leg in the air to 
increase hip ROM and lengthen hamstrings. It is 

     Figure 2.7     (a) A therapist resists isometric contraction of the hip extensors prior to a stretch. (b) A therapist assists in a stretch 
of the hip extensors.  

(a) (b)
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performing a press - up on a wobble board to intro-
duce a balance and proprioceptive component to 
rehabilitation.   

 Introduction of exercise which moves out of the 
simple planes of movement will make the exercise 
challenging and stimulating to the systems dis-
cussed above. Increasing balance demands by 
making the base smaller or standing on one foot 
introduces further challenge. The revolution in 
computer games, which have now become interac-
tive, means that programmes have been introduced 
which simulate real movement without risk of 
injury, stimulating use of all systems above. Their 
use in rehabilitation is likely to increase, particu-
larly with the use of imagination by those working 
in rehabilitation (Fig.  2.9 ).     

  References 

   American College of Sports Medicine  ( 2000 )  ACSM ’ S 
Guidelines for Exercise Testing and Prescription ,  6th edn . 
 Lippincott Williams  &  Wilkins ,  Maryland, USA .  

   American College of Sports Medicine  ( 2008 ) Available at: 
 www.acsm.org/physicalactivity  (accessed June 2008).  

    Berk ,  D.R.  ,   Hubert ,  H.B.   and   Fries ,  J.F.   ( 2006 )  Associations 
of changes in exercise level with subsequent disability 
among seniors: A 16 - year longitudinal study .  Journals of 
Gerontology  –  Series A Biological Sciences and Medical 
Sciences ,  61 ,  97  –  102 .  

    Bruce ,  B.  ,   Fries ,  J.F.   and   Lubeck ,  D.P.   ( 2005 )  Aerobic exercise 
and its impact on musculoskeletal pain in older adults: a 

  Prescription of  p roprioception, 
 c o -  o rdination and  b alance  e xercise 

 The concepts of balance, co - ordination and prop-
rioception are important to consider when assessing 
and rehabilitating normal function in the patient. 
Balance may be defi ned as either static, which is the 
ability to maintain a position, or dynamic, which is 
the ability to move smoothly between positions. 
Co - ordination is the ability to produce a smooth, 
ordered movement and proprioception is the ability 
to identify joint position in space. Thus these con-
cepts are all functions of the nervous system and 
are necessary to achieve normal movement. There 
is emerging evidence that musculoskeletal injury 
can compromise these functions, particularly prop-
rioception, and so it is important to include exer-
cises to address defi cits in rehabilitation. These 
concepts will be discussed in the joint - specifi c chap-
ters but the reader is encouraged to investigate 
further to glean knowledge of examining these dis-
orders in patients. 

 There is limited literature regarding prescription 
of exercise in these areas, particularly when consid-
ering frequency, intensity and duration. However, 
it would be pertinent to ensure that the balance, 
co - ordination and proprioceptive systems are chal-
lenged throughout the rehabilitation programme 
while doing other exercises and are accordingly 
done daily if possible. The simplest way is to intro-
duce unstable surfaces on which the patient per-
forms their normal exercise as seen in Figure  2.8 , 
which illustrates a patient with a shoulder injury 

     Figure 2.8     Press - up exercise on an unstable surface.       Figure 2.9     Use of a virtual reality device to simulate normal 
movement.  



18 Exercise Therapy in the Management of Musculoskeletal Disorders

14 year prospective, longitudinal study .  Arthritis Research 
and Therapy ,  7 ,  R1263  –  R1270 .  

    Conaghan ,  P.   ( 2002 )  Update on osteoarthritis part 1: current 
concepts and the relation to exercise .  British Journal of 
Sports Medicine ,  36 ,  330  –  333 .  

    Fradkin ,  A.J.  ,   Gabbe ,  B.J.   and   Cameron   P.A.   ( 2006 )  Does 
warming up prevent injury in sport? The evidence from 
randomised controlled trials?   Journal of Science and 
Medicine in Sport ,  9 ,  214  –  220 .  

    Heesch ,  K.C.  ,   Miller ,  Y.D.   and   Brown ,  W.J.   ( 2006 ) 
 Relationship between physical activity and stiff or painful 
joints in mid - aged women and older women: a 3 - year 
prospective study .  Arthritis Research and Therapy ,  9 ,  R34 .  

    Huber ,  F.E.   and   Wells ,  C.L.   ( 2006 )  Therapeutic Exercise, 
Treatment Planning for Progression .  Saunders/Elsevier , 
 Missouri .  

    Kujala ,  U.M.  ,   Kaprio ,  J.   and   Sarno ,  S.   ( 1994 )  Osteoarthritis 
of weight bearing joints of lower limbs in former elite male 
athletes .  British Medical Journal ,  308 ,  231  –  234 .  

    McLindon ,  T.E.  ,   Wilson ,  P.W.F.  ,   Aliabadi ,  P.  ,   Weissman ,  B.   
and   Felson ,  D.T.   ( 1999 )  Level of physical activity and the 
risk of radiographic and symptomatic knee osteoarthritis 
in the elderly: the Framingham study .  American Journal of 
Medicine.   106 ,  151  –  157 .  

    Pihl ,  E.  ,   Matsin ,  T.   and   Jurimae ,  T.   ( 2002 )  Physical activity, 
musculoskeletal disorders and cardiovascular risk factors 
in male physical education teachers .  Journal of Sports 
Medicine and Physical Fitness ,  42 ,  466  –  471 .  

    Shankar ,  K.   ( 1999 )  Exercise Prescription .  Hanley  &  Belfus, 
Philadelphia ,  Pennsylvania .  

    Small ,  K.  ,   McNaughton ,  L.   and   Matthews ,  M.   ( 2008 )  A 
systematic review into the effi cacy of static stretching as 
part of a warm  –  up for the prevention of exercise related 
injury .  Research in Sports Medicine ,  16 ,  213  –  231 .  

    Thacker ,  S.B.  ,   Gilchrist ,  J.  ,   Stroup ,  D.F.   and   Kimsey ,  C.D.   
( 2004 )  The impact of stretching on sports injury risk: A 
systematic review of the literature .  Medicine and Science 
in Sports and Exercise ,  36 ,  371  –  378 .   

    



  3 Measurement and Assessment 
in the Management of 

Musculoskeletal Disorders  

   Introduction 

 There are numerous diseases and conditions that 
can affect the musculoskeletal system and its con-
sequent function. These range from diseases of the 
joints to osteoporosis, back pain, spinal disorders, 
childhood musculoskeletal disorders, and injury or 
trauma to the musculoskeletal system. Since muscu-
loskeletal disorders are believed to be one of the 
most common causes of severe long - term pain and 
physical disability and affect hundreds of millions 
of people, it is important to understand the impact 
of these disorders on function to be able to deter-
mine effective treatment pathways and preventative 
strategies. However, before one can understand 
musculoskeletal dysfunction one needs to under-
stand normal function and its assessment.  

  What  i s  n ormal  f unction? 

 Function can be defi ned as the special work per-
formed by an organ or structure in its normal state 
(Roper,  1987 ). In the context of the musculoskeletal 
system this is the ability of the body to move and 

interact within its environment. An understanding 
of movement, particularly human movement is 
important to therapists, doctors, biomechanists, 
orthotists as well as many other health profession-
als. It is equally important that this understanding 
or description of motion can be communicated 
between specialists in a consistent and meaningful 
manner. 

 The study of human movement is often referred 
to as kinesiology and can take place at a segmental 
local level or at a whole body level. In understand-
ing movement it is important to appreciate the 
systems involved in creating this movement, many 
of which involve simple mechanical and physical 
principles. When considering movement, several 
systems are working together in harmony to 
produce normal function including muscles, bones, 
and ligaments. 

 The concept of integrated systems was intro-
duced by Panjabi  (1992)  in describing the function 
of the spine. He proposed that to move and func-
tion normally, the spine requires a series of systems 
working together, namely: a control system (the 
central nervous system), a system of active elements 
(the muscles), and a system of passive elements (the 
vertebrae and discs). It was further proposed that 
a dysfunction of any part of one of these systems 
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will return to its original position and if it was 
unstable it would buckle and fail. To understand 
stability, one must consider gravity and its effects. 
Gravity is the attractive force the earth has on the 
mass of an object, and our weight, for instance, is 
the combined effect of this mass and gravity. This 
weight can then be thought of as a force that acts 
through a single point, which in mechanical terms 
is called the centre of mass or centre of gravity. This 
point in the upright human is approximately around 
the umbilicus. When a body is in an unsupported 
state, gravity will act to create a force that will 
accelerate and move this body so it is no longer in 
equilibrium. If, however, it has a supported or 
stable base it would not move. Simplistically for a 
body to be stable, the centre of gravity/mass must 
lie within the base of support of that body to stop 
it from toppling over. So in considering motion of 
the body one also has to think about what is hap-
pening to keep the body in a stable state to allow 
this motion to occur. 

 The skeletal framework is often subdivided into 
the axial or central skeleton, which comprises the 
head, neck and trunk, and the appendicular skele-
ton, which comprises of the upper (arm, forearm 
and hand) and lower limb (thigh, leg and foot). 
Motion is considered within each system. However, 
all these systems need to link together and like all 
structures or buildings these need to be based on 
stable foundations. This means that in assessing a 
body region, one cannot neglect the rest of the 
body. For humans, the axial or central skeleton as 
its name suggests could be considered as  ‘ mission 
control ’  in terms of stability. If it is not stable then 
the rest of the body ’ s function will be compromised. 
Unfortunately for humans, the spine in mechanical 
terms is considered  ‘ inherently unstable ’ , and 
research on cadaveric spines devoid of musculature 
has shown that the spine in the neutral position 
with the pelvis fi xed will buckle under loads of 
around 20 N (Panjabi  et al. ,  1989 ). This load 
would be considerably less if the pelvis had not 
been fi xed. Thus for the spine, its base of support, 
i.e. the pelvis and its muscular system, are of 
importance for stability to be achieved, and without 
such stability the appendicular system may lack 
optimal functionality. Therefore care should be 
taken when using the term  ‘ core stability ’  as this 
involves not only the muscles acting on the spine, 
of which there are numerous, but also on the 
muscles that achieve a stable base of support 

could lead to: (1) an immediate response from the 
other systems to compensate; (2) a long - term adap-
tation response of one or more systems; or (3) an 
injury to one or more components of any system. 
In the fi rst, function would be impaired, in the 
second, although apparently normal, the stabilising 
system would be altered and in the third ,  dysfunction/
back pain would present. Although our under-
standing at present of the control system is limited, 
there has been extensive research to understand the 
mechanics of movement from the perspective of the 
passive and active systems. 

 Many factors can infl uence the working of the 
systems described above, including environmental 
infl uences such as gravitational fi elds (Davey  et al. , 
 2004 ) and objects within that environment, for 
example workplace surroundings (Davis and 
Marras,  2003 ) and physiological factors, namely 
the effects of fatigue, training, etc. (Fulton  et al. , 
 2002 ; Holt  et al. ,  2003 ), and psychosocial factors 
(Pincus  et al. ,  2002 ; Marras,  2005 ). Of particular 
interest is the relationship of mechanical infl uences 
induced by our environment and lifestyle on the 
health and functioning of our locomotor system, an 
area worthy and in need of further exploration 
(Brinkman  et al. ,  2002 ). What is relevance of this 
statement? 

 In simplistic terms the body can be considered as 
consisting of a skeleton that provides a rigid frame-
work which acts as a series of struts and levers. 
These struts and levers in turn can be moved by the 
actions of muscles, and can also be used to protect 
and support vulnerable soft tissues and organs. This 
framework of bones or struts is connected through 
joints and it is at these joints that growth is permit-
ted, and force in the form of compression (a force 
that squeezes things together), tension (a force that 
pulls apart two connected structures), shear (a force 
that causes two adjacent layers or surfaces to slide 
relative to each other) and torsion (a force that 
causes to structures to twist on each other) loads 
are transmitted and movement occurs. These forces 
and movements in turn are generated by the action 
of muscles. As well as moving joints, muscles can 
also be used to stabilise joints. These roles are often 
occurring at the same time as the muscle and act 
not only to allow the motion but also to convey the 
functional load that this motion creates and keep 
the joint stable. 

 For a joint to be stable it must be in equilibrium, 
which means that after any slight displacement it 
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analysis, databases of normal and abnormal can be 
developed permitting more detailed analyses with 
time. The choice of measurement and analysis tech-
nique is, however, dependent on the situation/task 
to be assessed, the person, the facilities and equip-
ment available. 

 A description of movement, whether quantitative 
or qualitative, requires use of standard reference 
terminology. Clinicians tend to use the anatomical 
position as the reference position when describing 
motion and then make use of the following direc-
tional terms: 

  Superior  –  towards the head  
  Inferior  –  away from the head  
  Anterior  –  the front of the body  
  Posterior  –  the back of the body  
  Medial  –  towards the midline of the body  
  Lateral  –  away from the midline of the body  
  Proximal  –  close to the centre of the body  
  Distal  –  away from the centre of the body    

 A limitation of this method is that it only describes 
the position of one body segment relative to another 
and it does not give information on where in space 
is the body segment. To be able to achieve this 
necessitates a spatial reference system. This refer-
ence system can either be relative or absolute; a 
relative system requires that all coordinates are 
reported relative to an anatomical co - ordinate 
system while an absolute system reports the co -
 ordinates to an external spatial reference system. 

 Movement from the anatomical position are then 
described using anatomical reference planes which 
divide the body into equal parts, lie at right angles 
to each other and intersect at the centre of gravity 
of the body (Fig.  3.1 ). These planes are as follows. 

   �      The frontal plane  –  which is also referred to as 
the coronal or z axis, is a vertical plane that 
divides the body equally into front and back 
halves.  

   �      The sagittal plane  –  which is also referred to as 
the antero - posterior plane or x axis, is a verti-
cal plane that divides the body equally into left 
and right halves.  

   �      The transverse plane  –  which is also referred to 
as the horizontal plane or y axis, is a horizontal 
plane that divides the body into equal upper 
and lower halves.      

 Further to the planes of motion are three axis of 
rotation which each lie perpendicular to the plane 

for the spine, namely the muscles acting on the 
pelvis i.e. gluteals, oblique abdominal and lower 
abdominals.  

  Biomechanics of  m ovement 

 Winter  (1990)  defi nes the biomechanics of human 
movement as the interdiscipline that describes, 
analyses and assesses human movement. Movement 
is often defi ned in terms of either kinematics or 
kinetics or both. Kinematics is the term used in the 
description of a movement and as such, includes the 
pattern and speed of movement, and the coordina-
tion and displacement of the different body seg-
ments relative to some form of spatial reference 
system. Kinetics, by contrast, is the study of the 
forces associated with motion and these include 
both internal forces, i.e. those resulting from muscle 
activity etc., and external forces, i.e. those gener-
ated from external loads or bodies. For example, 
considering a person who is walking, a kinematic 
assessment would include the phases of gait and a 
description of the motion occurring, for example, 
at the knee; a kinetic assessment however, would be 
a description of the forces generated at the knee 
during the phases of gait. These forces can rarely 
be directly measured and kinetic analysis frequently 
requires some form of mathematical link segment 
modelling. This type of modelling, however, relies 
on appropriately measured kinematic and anthro-
pometric data. Anthropometric measures include 
dimensions, weight, shape, centre of gravity, and 
other properties of the body segments according to 
race, age and sex, and a number of databases 
describing these are available (Dempster,  1955 ; 
Chandler  et al. ,  1975 ; Pheasant,  1996 ). 

 Thus the kinematic assessment of motion is an 
important factor in understanding the biomechan-
ics of movement. In the clinical environment, 
motion is assessed at a very primary level by the 
human eye. Although one gains an appreciation of 
what is occurring, it is a subjective measure and 
one that places huge overload on the observer, 
particularly if it is a complex and fast movement. 
Furthermore, what is seen then needs to be described 
and recorded. However, if measurements of the 
movement are performed quantitatively the task of 
documentation is easier, objective and more likely 
to be repeatable. Using quantitative techniques of 
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ment would involve a description of the transla-
tions (linear movements) and rotations the segment 
makes around each axis of motion relative to a 
fi xed point in space. Descriptions of both linear and 
angular motion include the magnitude or degree of 
motion occurring, and its respective velocities and 
accelerations. 

 Furthermore, motion can be considered to be 
either static or dynamic. Static motion is where a 
body is in a constant state of motion that is at rest 
with no movement or moving with a constant 
velocity, while dynamic motion is where motion is 
occurring and creating accelerations or decelera-
tions. Sometimes a complex dynamic motion is 
broken into phases or  ‘ snap shot ’  moments of time 
and this is usually referred to as quasi - static motion. 

 With all the tools to describe motion one needs 
to consider how to assess it. There are many factors 
that infl uence the choice of methodology when it 
comes to assessing motion, including logistics such 
as time, facilities, equipment available, costs as well 
as the depth and repeatability of the assessment 
required, which in turn depends upon how this 
information is to be used and what level of preci-
sion, accuracy and repeatability is required.  

  Observed  a nalysis 

 Traditionally in medical fi elds, there is a reliance on 
qualitative description of motion. This often takes 
the form of direct observations of the movement 
that is occurring and forms the primary level of 
assessment. Although quick, cheap and effective, it 
places a huge overload on the skills of even the most 
experienced clinicians due to the complexity of 
joint movements in most functional tasks. It also 
lacks robustness as different observers will focus on 
different aspects of the movement and describe 
them in different ways. 

 The use of video footage of movement is often 
used to overcome these problems as it facilitates the 
reviewing and freezing of the images. However, any 
assessment remains descriptive and limited objec-
tive measures can be made. Software is increasingly 
available to perform measures from video footage 
or digital photographs, but the terms or frames of 
reference need to be consistent when the images are 
obtained and any information derived is limited to 

of motion. So the transverse (also referred to as 
antero - posterior) axis of motion lies perpendicular 
to the sagittal plane; the sagittal axis is perpendicu-
lar to the frontal plane and the frontal (also referred 
to as longitudinal) axis is perpendicular to the 
transverse plane. 

 Using these defi nitions, movements in the sagittal 
plane about a frontal axis include fl exion, exten-
sion, dorsifl exion and plantar fl exion; movements 
in the frontal plane about a sagittal axis include 
abduction, adduction, ulnar deviation, radial devia-
tion and lateral fl exion of the trunk; and move-
ments in the transverse plane about a frontal axis 
include medial and lateral rotation, supination and 
pronation. 

 However, many of these descriptions are simpli-
fi cations of what is occurring at the joint or body 
segment since motion in the body usually arises as 
a result of both linear and angular motion. Linear 
motion can be simplistically thought of as motion 
occurring along a line where all the parts of the 
body move in the same direction at the same speed, 
e.g. a block sliding across a surface. Angular motion 
on the other hand is motion involving rotation 
around a central point. Frequently, human motion 
is simplifi ed to angular motion occurring about a 
fi xed centre of joint rotation. A more precise assess-

     Figure 3.1     Anatomical frames of reference and co - ordinate 
systems.  
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each utilising different technologies. The most 
simple is the single axis potentiometer, which has a 
potentiometer at the junction of the two goniome-
ter arms. Movement of the arms changes the resist-
ance output of the potentiometer and this is 
calculated into an angular change. This approach 
relies on accurate identifi cation of the joint ’ s centre 
of rotation. In the late 1980s fl exible goniometers 
using strain gauge technology were developed. 
These are lightweight and easy to use, without the 
need to locate the joint ’ s centre of rotation. They 
are able to measure motion in real time, permitting 
assessments of not only range but also joint velocity 
and acceleration. Further developments have meant 
that they are now able to measure single and multi -
 axis motion and come in a variety of sizes and 
dimensions for use in the different regions of the 
body (Fig.  3.2 ). Although they are primarily limited 
to measuring local movement of a body system 
rather than whole body movement, they are capable 
of robust repeatable measures (Goodson  et al. , 
 2007 ).   

 Using similar principles, electromagnetic systems 
have been developed to measure changes in angle. 
These devices consist of an electromagnetic source 
and a number of sensors that move in the resultant 
magnetic fi eld (Fig.  3.3 ). Movement changes the 
electromagnetic fi eld between the sensor and source 
and these changes are translated into measurements 
of movement. These systems are robust and permit 

the plane of motion in which the image has been 
obtained. Bearing in mind these considerations, 
such analysis is feasible to do and can provide valu-
able information if resources are limited.  

  Kinematic  a ssessment  m ethods and 
 m easurement  t ools 

 To take an assessment up the next level, some form 
of measurement needs to be made. This can be done 
with measurement tools that can essentially be 
divided into goniometers, imaging tools such as 
X - rays, and optical motion analysis system. Each 
tool will be considered in turn. 

  Goniometers 

 Routinely, many therapists use a simple hand - held 
goniometer consisting principally of a protractor 
with arms, which permits measurement of joint 
angles relative to an assumed centre of joint rota-
tion. Used in its simplest form, it is cheap but in 
many ways clumsy, and it is diffi cult to obtain 
repeatable measures of a joint angle. It is also 
further limited to simple end - range measurements. 

 Engineering technology has expanded on this 
with a variety of electrogoniometers in existence, 

     Figure 3.2     ( a ) Range of electrogoniometer sizes. ( b ) An example of electrogoniometer usage at the knee joint.  Reproduced 
with kind permission from Biometric Ltd, UK.   

(a) (b)
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pensate for this and such devices are increasingly 
being used to assess gait and motion (Moe - Nilssen, 
 1998 ; Moe - Nilssen and Helbostad,  2004 ). 

 Care must also be taken with investigating the 
accuracy, precision, validity and repeatability of 
motion systems, since there is no such thing as the 
perfect measurement. When determining the accu-
racy of a piece of equipment one needs to see how 
well the system measures each motion component 
with respect to a gold or known standard. Precision 
on the other hand is how close together a group of 
measurements are to each other. This means that 
your instrument might be very precise but inaccu-
rate, a common feature in many measurement 
tools. Reliability is the variability of the measure-
ments obtained by one person (intra - operator) 
measuring the same parameter repeatedly, and one 
can also assess reliability between two different 
people measuring the same parameter (inter -
 operator). Validity, by contrast, is a measure of how 
representative your measurement is of the actual 
motion occurring, and this often requires compari-
son with some form of imaging measurement.  

  Imaging 

 Often considered the  ‘ gold standard ’  method of 
kinematic assessment, imaging has frequently been 
used to assess range of motion in joints. The sim-
plest systems used are those utilising two -
 dimensional X - ray images taken at the limits of 
joint range from which measures can be obtained 
(Dvorak  et al. ,  1993 ; Frobin  et al. ,  2002 ). Many 
researchers have attempted to overcome the two -
 dimensional nature of these measures by using 
stereo - radiography techniques (Pearcy,  1985 ). Such 
imaging is limited particularly with respect to nor-
mative studies due to ionising radiation exposure. 
This problem and that of the static nature of the 
measurements has been overcome in part through 
the development of videofl uoroscopy techniques, 
which at lower levels of radiation exposure permit 
dynamic two dimensional X - rays. Such techniques 
have been adapted for many body regions 
(Baltzopoulos,  1995 ; Breen  et al. ,  2006 ). Computed 
tomography permits the extension of such imaging 
to three dimensions (Shapeero  et al. ,  1988 ; Sun 
 et al. ,  2000 ) but this modality is associated with 
increased exposure to ionising radiation, thus limit-
ing its widespread usage. It was hoped that the 
development of cine magnetic resonance imaging 

the assessment of rotations and translations in each 
orthogonal axis. Thus, detailed measurement can 
be made of segmental kinematics, as well as simple 
joint range measures (McGregor  et al. ,  1995 ; Bull 
and McGregor,  2000 ). However, such systems tend 
to be more expensive, and require more program-
ming and associated software. A further limitation 
is that the electromagnetic fi eld can be distorted by 
ferrous materials and thus location and usage has 
to be considered carefully. Finally, these systems are 
limited to regional or local motion systems as 
they permit only a relatively small number of 
motion tracking sensors to be used. As with the 
electrogoniometers above they also rely on secure 
fi xation to the skin at valid and appropriate skeletal 
landmarks.   

 Increasingly, accelerometer technology is being 
used to assess motion. As the name suggests these 
devices measure acceleration and consist of force 
transducers. In simple terms, a small mass is 
attached to a beam which is attached to the body; 
as the body moves, the beam is defl ected and this 
defl ection is used to measure the acceleration of the 
mass, with strain gauges being used to measure the 
defl ection. These devices can be uniaxial or biaxial 
and with advances in electronics are now available 
in compact form and can store large volumes of 
recorded data. One problem with accelerometers is 
that they respond to the fi eld of gravity and thus 
the output represents the vector sum of the kine-
matic acceleration and the acceleration of gravity 
(Ladin,  1995 ). Attempts have been made to com-

     Figure 3.3     The Flock of Birds ™ , an electromagnetic motion 
tracking system.  Reproduced with kind permission from 
Ascension Technology, Vermont, USA.   
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emit infrared light, or by passive markers such as 
light refl ecting devices. This allows the identifi ca-
tion of bony landmarks and the estimation of the 
centre of rotation of a joint, etc. To be able to 
capture all markers during a movement task usually 
requires three to six cameras, thereby increasing 
the complexity of the analysis; and yet despite this, 
the movement of some markers has to be interpo-
lated. Such systems are growing in number and 
availability. They are however, expensive, require 
detailed calibration, are not always portable and 
are time consuming to set up and use correctly. Like 
all dynamic motion analysis systems they produce 
vast quantities of data and it is wise to consider 
how one will analyse these prior to commencing 
measurement. Most research to date using optical 
motion systems has focused on gait analysis.   

  How  c an  k inematic 
 a ssessments  b e  u sed? 

 There are many uses for kinematic assessment and 
the method used is often governed by the intended 
use of the information. For therapists these uses are 

(MRI) (Brossmann  et al. ,  1995 ) and dynamic inter-
ventional open MRI techniques (Fig.  3.4 ) (McGregor 
 et al.   2001 ; Johal  et al.   2005 ) would overcome these 
problems. A well as limited availability and cost 
there are many other problems associated with 
dynamic interventional MRI, including slow image 
acquisition and poor image quality, leading to a 
focus on end - range measures of motion (McGregor 
 et al. ,  2001, 2002 ; Hill  et al. ,  2005a ).    

  Optical  m otion  a nalysis  s ystems 

 Optical motion analysis in many ways is an expan-
sion of video recording techniques. A camera is able 
to record a two - dimensional image of a three -
 dimensional object, and in movement analysis, 
often it is the three - dimensional image that is of 
interest if one is to make a detailed analysis of the 
movement occurring. This is achieved using multi-
ple cameras and techniques such as photogram-
metric reconstruction. For more details of this 
methodology, see Ladin  (1995) . Inherent in these 
techniques is the need to digitise the images 
obtained, which is facilitated by the use of active 
markers such as light emitting diodes (LEDs) that 

     Figure 3.4     The interventional magnetic resonance imaging (MRI) scanner being used to assess lumbar intersegmental motion.  

(a) (b)
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muscles occurring to generate movement, and the 
intention here is not to explore this in detail but to 
give indication of approaches that could be used to 
look at this more closely. 

 One method of exploring muscle function is 
based on monitoring the electrical signal associated 
with the contraction of the muscle, namely the elec-
tromyogram or EMG. This signal gives an indica-
tion of voluntary muscular activity and it is known 
to increase as the tension in the muscle increases. 
The signal can be detected by using either surface 
electrodes or needles electrodes. Surface electrodes 
are less invasive but still only record from the motor 
units underlying that area. The signal can be infl u-
enced by cross - talk from underlying muscles and 
closely associated muscles and surface electrodes 
cannot assess deep muscle groups. Needle elec-
trodes permit the analysis of activity in deeper 
muscles, but are invasive and often uncomfortable 
and isolate activity to that of the motor units in 
contact with the electrode. Furthermore EMG only 
permits an assessment of the activity that is occur-
ring and not of the force being produced, thus limit-
ing its usefulness. A detailed account of EMG is 
beyond the scope of this chapter but a number of 
texts and other publications are available on this 
technique. 

 Often more applicable to the therapist is the 
strength characteristic of a muscle. It is rarely pos-
sible to isolate this assessment to a particular muscle 
non - invasively and consequently muscles are 
assessed in groups, such as the quadriceps/knee 
extensors. Simple grading systems, such as the 
Oxford grading scale, a fi ve - point scale with 0 rep-
resenting no contraction and 5 normal contraction, 
have been derived. Although such a scale is suitable 
for neurological rehabilitation it has less scope in 
musculoskeletal conditions, in which more people 
would be expected to have normal contraction. As 
a result, a variety of tools ranging from simple 
weight lifting to fi xed weight systems and, ulti-
mately, isokinetic systems are used to measure 
strength (Fig.  3.5 ). Weight lifting and fi xed weight 
systems do not accommodate the force length –
 tension curve of a muscle and as a consequence only 
assess the maximal weight lifted by the weakest 
component of joint range. Consequently, isokinetic 
systems have been developed that control the speed 
of movement of the joint rather than maintain a 
constant resistance and thus permit maximal torque 
to be assessed throughout joint range. Such meas-

many. Traditionally, measures of joint range have 
been used as outcome measures or markers of treat-
ment progression. Such measures not only let the 
therapist know that their intervention is working 
but also provide feedback to the patient on the 
progression of their condition. These have often 
relied on visual observation; however, if the inten-
tion was to research a treatment package and its 
effect on a disease process, greater accuracy would 
be required and in such situations it may be wise 
to opt for an electrogoniometric technique. 

 For more complex and fast movement patterns, 
particularly gait or dynamic activities such as 
running, it is often diffi cult to observe the move-
ments that are occurring. Using appropriate motion 
analysis techniques one can either focus on the 
region of interest or perform a more detailed analy-
sis of the global movement. This permits compari-
sons between subjects or allows one to perform 
serial measurements which can provide information 
on alterations to movement patterns as a result of 
injury or as a result of coaching or therapy interven-
tion. For instance, Holt  et al.   (2003)  were able to 
identify patterns of movement of the spine in com-
petitive rowers during rowing and relate these to 
the force generated at the handle of a rowing 
ergometer. This provided a model to investigate the 
implications of fatigue, ergometer type (Steer  et al. , 
 2006 ), level of experience (McGregor  et al. ,  2004 ), 
and level of intensity (McGregor  et al. ,  2005 ). The 
information obtained in real time provided biofeed-
back to coaches and athletes that led to changes in 
training and coaching. Performance was therefore 
enhanced as the athletes were more biomechani-
cally effi cient for the same physiological workload 
(McGregor  et al. ,  2007 ). Through kinetic modelling 
this information could also be used to understand 
the loading that occurs at specifi c regions of the 
body during the motion which will provide insight 
into injury mechanisms. Such techniques can be 
applied to a variety of activities and sports and are 
also used in the animation and robotic industry.  

  Assessment of  m uscles 

 An alternative way of looking at a movement or 
injury is to look at the functioning of the muscles. 
Usually there is a complex interaction of different 
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ures can be applied to both concentric and eccentric 
work of the muscles. These systems also allow static 
or isometric assessment. Such systems were once 
very popular in the fi eld of performance and reha-
bilitation but have fallen out of fashion and are 
currently used primarily in the research fi eld. They 
can, however, provide useful information on joint 
symmetry and information on performance at dif-
ferent velocities which give indicators of explosive 
strength and power. A key issue with these systems 
is the poor levels of repeatability (Hupli  et al. , 
 1997 ; Hill  et al. ,  2005b ; Laheru  et al. ,  2007 ). 
However, despite this they can still be used to 
provide important information on relative strength 
ratios, weaknesses and fatigue (Parkin  et al. ,  2001 ; 
McGregor  et al. ,  2004 ).    
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  4 The Cervical Spine  

  Kirsty     Peacock       

         SECTION 1: INTRODUCTION 
AND BACKGROUND 

 Cervical spine dysfunction is widely prevalent and 
forms a large percentage of the therapist ’ s caseload 
both in the public and private sectors. After back 
pain, neck pain is the most frequent musculoskel-
etal cause of consultation in primary care world-
wide (Binder,  2007 ). It has been estimated that 67% 
of people in Western populations will have neck 
pain at some point in their lives (Cote  et al. ,  1998 ; 
Vernon and Humphries,  2007 ) and that 300 per 
100 000 inhabitants will experience whiplash -
 associated disorder (WAD; Holm  et al. ,  2008 ). 
Bourghouts  et al.   (1999)  estimated the total cost of 
neck pain in the Netherlands in 1996 to be  1 686 
million, with about 1.4 million workdays lost. In 
an epidemiological study of professional rugby 
players, the incidence of injuries to the cervical and 
lumbar spine was approximately 11 injuries per 
1000 match - playing hours and 4 per 1000 training 
hours (Fuller  et al. ,  2007 ). 

 Acute neck pain can be caused by sudden appli-
cation of external forces, such as an acceleration/
deceleration mechanism, or internal forces, such 
as over - reaching, or by repetitive micro - trauma 
caused by consistent poor posture or repetitive 
strain situations. The natural history of acute neck 

pain is thought to involve no more than several 
days to a few weeks for signifi cant recovery (Vernon 
and Humphries,  2007 ). The prognosis of chronic 
neck pain is more vague. Many people can be 
affected for up to 2 years ’  post - injury. Caroll  et al.  
 (2008)  report that 50 – 85% of people who have 
suffered neck pain do not experience complete 
resolution of their symptoms. Brison  et al.  
 (2000)  reported that 44% of those involved in a 
rear - end collision complained of neck stiffness at 
6 months after the incident. Chronic neck pain 
produces a high level of morbidity by affecting 
the activities of daily living and quality of life 
(Webb  et al. ,  2003 ; Wolsko  et al. ,  2003 ). As is the 
case with low back pain, cervical pain is being 
recognised as a  ‘ multifaceted phenomenon incorpo-
rating physical impairment, psychological distress 
and social interruption ’  (Harvey and Cooper,  2005 ). 
For an in - depth classifi cation of subgroups of 
neck pain the reader is referred to Guzman  et al.  
 (2008) . 

 This section will fi rst outline the common cervi-
cal spine pathologies seen by physiotherapists and 
discuss the impairments in the neuro - musculoskeletal 
system caused by these pathologies. The evidence 
supporting the use of exercise in the management 
of the impairments will then be presented. In 
Section 2, the concepts discussed in Section 1 will 
be practically applied in the clinical setting. 
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of the trunk and extremities in women with neck 
pain, Takala  et al.   (1994)  found no signifi cant dif-
ference in neck pain between the exercise and 
control groups. However, the general concept that 
cardiovascular exercise has a hypoalgesic effect can 
be applied to patients with neck pain.  

  Muscle  s trength and 
 e ndurance  t raining 

 The overall impression from the recent substantial 
evidence for exercise and neck pain is that stability 
dysfunction and functional control should be 
addressed early on with low load - specifi c exercises. 
Once an individual is able to control their area 
of uncontrolled movement through range and 
function, general strengthening exercises can be 
prescribed. 

 The needs of each individual must be addressed 
and rehabilitation tailored appropriately. If the 
patient is an elite athlete, end - stage rehabilitation 
must be aggressive to return them to their original 
condition. Failure to do this could result in treat-
ment failure and the patient  ‘ breaking down ’ . 

 The research on low load - specifi c muscle re -
 education has demonstrated the following pertinent 
fi ndings: 

   �      Isometric function of the cranio - cervical fl exors 
can be improved with deep fl exor exercises 
with a resultant decrease in pain (O ’ Leary 
 et al. ,  2007 ).  

   �      Manipulative therapy combined with exercise 
therapy can reduce the symptoms of cervical 
headache and the effects are maintained for at 
least 12 months (Jull  et al. ,  2002 ).  

   �      Patients with neck pain show a reduced ability 
to maintain an upright posture. An exercise 
programme aimed at strengthening the cranio -
 cervical fl exors showed an increased ability to 
maintain an upright posture (Falla  et al. ,  2007 ).    

 The research for high load resistance training has 
demonstrated the following mixed results: 

   �      Patients with chronic neck pain can benefi t 
from a 6 - week neck - strengthening programme 
including low load and high load resistance 
training. Patients completing the programme 
had a signifi cant improvement in disability, 
pain and isometric neck muscle strength in dif-
ferent directions (Chiu  et al. ,  2004 ).  

  Cervical  s pine  d ysfunction and 
 n euromuscular  i mpairment 

 Most neck pain is  ‘ non - specifi c ’ , with symptoms 
having a postural or mechanical basis (Binder, 
 2007 ). However a number of conditions have been 
identifi ed in the research: 

   �      Spondylosis  
   �      WAD  
   �      Cervical postural syndromes  
   �      Disc dysfunction  
   �      Acute torticollis  
   �      Acute nerve root pain  
   �      Cervicogenic headache/dizziness  
   �      Brachial plexus injury/ ‘ stingers ’ .    

 Several approaches have been put forward for 
the treatment of these conditions; however, recently 
there has been greater emphasis on therapeutic 
exercise in the management of neck pain, regardless 
of pathology. This is due to an increasing amount 
of research concluding that the pattern of neu-
romuscular dysfunction is very similar regardless of 
the underlying cause (Falla  et al. ,  2004 ; Jull  et al. , 
 2004a ). 

 When discussing exercise and the cervical spine 
it is essential to have a thorough understanding of 
the relevant  functional anatomy  and the concept of 
 stability dysfunction/uncontrolled movement.  The 
reader should refer to Panjabi  et al.   (1998)  and 
Comerford  et al.   (2008)  for further clarifi cation of 
these areas.  

  Effi cacy of  e xercise for 
 c ervical  d ysfunction 

 Systematic reviews have concluded that exercise is 
of benefi t to individuals with mechanical neck pain 
or WADs (Sarig - Bahat,  2003 ; Kay  et al. ,  2005 ; 
Hurwitz  et al. ,  2008 ). 

  Aerobic  e xercise 

 There is very little evidence in the literature to 
support the use of aerobic exercise in the manage-
ment of neck pain. In a study examining the effect 
of exercises such as stepping and dynamic exercises 
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 (2003)  found strong evidence to support the effec-
tiveness of early active mobilising exercises in acute 
whiplash patients based on the fi ndings of McKinney 
 (1989a) , Rosenfeld  et al.   (2000)  and Soderlund 
 et al.   (2000) .  

  Sensorimotor and 
 p roprioceptive  e xercise 

 Rehabilitation exercises to improve sensorimotor 
defi cits aim to restore co - ordinated movement or 
cervicocephalic kinaesthesia using visual training 
techniques. Systematic studies have demonstrated 
that a programme of eye fi xation/proprioception 
exercises included in a complete rehabilitation pro-
gramme is associated with strong to moderate evi-
dence for reducing pain and improving function in 
mechanical neck pain and whiplash, with or without 
headache (Sarig - Bahat,  2003 ; Kay  et al. ,  2005 ). 
Joint positioning can be improved with home exer-
cises of eye, head and arm co - ordination (Humphreys 
and Irgens,  2002 ). A comparative study of conven-
tional proprioceptive training and cranio - cervical 
fl exion training found that both regimens were 
effective in retraining joint position sense, implying 
that either programme can improve sensorimotor 
function in patients with neck pain (Jull  et al. , 
 2007b ).    

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

  Aerobic  e xercise 

 When prescribing aerobic exercise for individuals 
with neck pain, it is important to consider the fol-
lowing points: 

   �      Posture.     If a patient presents with symptoms 
related to a poking chin posture, with uncon-
trolled movement into upper cervical exten-
sion, he/she should be advised to avoid activities 
such as breaststroke, as this may aggravate the 
condition. Rowing or cycling may have a 
similar effect.  

   �      Overhead movement.     If it has been noted that 
a patient has uncontrolled movement into 

   �      A long - term Finnish study by Ylinen  et al.  
 (2003)  demonstrated that both strength and 
endurance training for 12 months are effective 
methods for decreasing pain and disability in 
women with chronic neck pain. Stretching and 
aerobic exercise alone proved to be a much less 
effective form of training than strength train-
ing. The improvements were maintained at 
3 - year follow - up assessments and the results 
indicated that exercise may not need to be per-
formed regularly for the remainder of the par-
ticipants ’  lives (Ylinen  et al. ,  2007 ).  

   �      Studies by Bronfort  et al.   (2004) , Highland 
 et al.   (1992) , and Jordan  et al.   (1998)  have 
suggested that there is a reduction in pain and 
improvement in function with high load -
 resistance training. Viljanen  et al.   (2003)  found 
that a programme of dynamic muscle training 
and relaxation was no better than ordinary 
activity for women offi ce workers. A combina-
tion of isometric exercise, postural correction 
and use of a neck support pillow has been 
shown to be effective in the management of 
chronic neck pain. Isometric exercise in isola-
tion has no effect (Helewa  et al. ,  2007 ).  

   �      A systematic review by Sarig - Bahat  (2003)  con-
cluded that there is strong evidence supporting 
the use of dynamic - resisted exercises but that 
they are no more effective than endurance 
training, body awareness and passive physio-
therapy. Kay  et al.   (2005)  concluded that there 
is strong evidence of benefi t favouring a multi-
modal care approach of exercise combined with 
mobilisations or manipulation for mechanical 
neck pain. From a best evidence synthesis of the 
literature from 1980 to 2006 Hurwitz  et al.  
 (2008)  conclude that for WAD, educational 
videos, mobilisation and exercise appear to be 
the most effective form of management.    

 To summarise, there is some indication that both 
low load training and high load strength training 
may be benefi cial in the management of neck pain.  

  Range of  m ovement 
and  fl  exibility  e xercises 

 Active range of motion exercises consist of any 
exercises that include active movement without 
resistance. A systematic review by Sarig - Bahat 
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example, a patient presents with central low cervi-
cal spine pain. She reports that reading aggravates 
her pain. On assessment, the patient has stiffness 
into fl exion at the mid - cervical spine but to com-
pensate she moves into excess fl exion at the low 
cervical spine (Figs  4.2a and 4.2b ). On analysis, 
reading aggravates this patient ’ s symptoms because 
she is looking down while reading and she has 
uncontrolled range of movement into lower cervical 
fl exion, which put the soft tissues and cervical joints 
under stress. To control the symptoms, the therapist 
must instruct the patient to try to stabilise the lower 
cervical spine while moving into fl exion from the 
mid - cervical spine (Fig.  4.2 c). This can be done by 
explaining to the patient that you want her to move 
from higher up in the cervical spine, like a  ‘ nodding ’  
movement while keeping the lower neck still. This 
is not a  ‘ normal movement ’ , but the aim of the 
exercise is to teach the patient how to control the 
uncontrolled movement into fl exion. The therapist 
can give auditory, visual and manual feedback to 
help the patient achieve this. Instruct the patient to 
move through only that much range as the restric-
tion allows or as far as the  ‘ give ’  is dynamically 
controlled. Scapula control is very important and 
patients need to be made aware of correct scapula 
positioning during the exercise (Mottram,  2003 ). 
The exercise should not reproduce the patients ’  
symptoms. This is the fi rst exercise that should be 
taught to the patient, as she can use it immediately 
to help her to control her symptoms. It needs to be 
repeated slowly, 15 – 20 repetitions, two to three 

extension, either at the upper or mid - cervical 
spine and this is related to the symptoms they 
experience, it is best to avoid any cardiovascu-
lar exercise that involves upper body work over 
90 °  shoulder abduction/elevation, until the 
patient has learnt to control cervical spine 
movement into extension.  

   �      Impact.     If patients have a shear or area of 
 ‘ give ’ , high - impact exercise such as aerobics or 
running may have a detrimental effect.    

 A static bike work - out, using a large mirror for 
visual feedback, may be the best form of aerobic 
exercise, as it is low impact and the patient can 
control neutral head position (Fig.  4.1 ). Walking 
has also been recommended (Soderlund  et al. , 
 2000 ).    

  Endurance and  s trength  t raining 

  Endurance  t raining 

 Comerford and Mottram  (2007)  take the following 
four - point approach to rehabilitation. 

  (1) Teach the  p atient to  c ontrol  m ovement in 
the  d irection of  s ymptom  p rovocation,  i .e. 
 c ontrol the  ‘  g ive ’  and  m ove the  r estriction 

 This strategy is the key to controlling symptoms, as 
it helps to unload the tissues under stress. For 

     Figure 4.1     Suitable aerobic exercise for patients with neck pain, using a mirror to correct posture: ( a ) poor posture; ( b ) cor-
rected posture.  

(a) (b)
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spine. The exercise should be repeated for 
15 – 20 repetitions, two to three times a day.  

   �      A  ‘ translation ’  into  extension  in the  mid -
 cervical spine , by positioning the upper and 
mid cervical spine in neutral, maintaining this 
neutral position and moving through range 
from fl exion to extension. Extension should 
occur at the low cervical spine. Repeat the 
exercise but instruct the patient to extend from 
the upper cervical spine by performing a chin 
lift. Repeat the exercise for 15 – 20 repetitions, 
two to three times per day.  

   �        ‘ Chin poke ’  ,  or lateral fl exion  during  rotation , 
by positioning the cervical spine and scapula in 
neutral and rotating the head through the 
available range without the substitution strate-
gies. The patient should rotate through the 
whole cervical spine. Repeat for 15 – 20 repeti-
tions, two to three times per day.  

   �        ‘ Chin poke ’  or rotation  into  side fl exion , by 
positioning the cervical spine and scapula in 
neutral and side bending the head through the 
available range without the substitution strate-
gies. The patient should side bend through the 
whole cervical spine. Repeat for 15 – 20 repeti-
tions, two to three times per day.  

   �      A  ‘ give ’  into  side fl exion  at the  lower cervical 
spine , by positioning the cervical spine and 
scapula in neutral and tilting the head through 

times per day. The patient should perform these 
exercises until the movement starts to feel familiar 
and it is easy to do. Start with the patient sitting 
against the wall, then progress to sitting away from 
the wall, standing, leaning forwards over the bed 
and then leaning back over the bed with their arms 
supporting them. Exercises can be progressed by 
asking the patient to repeat the exercises on an 
unstable surface such as a Swiss ball or Sit - Fit ™ .   

  The key is to control the excess movement from 
one or occasionally two areas . On observing the 
patient ’ s movement patterns you may need to 
control: 

   �      A  ‘ give ’  into  fl exion  in the  upper cervical spine , 
by positioning the upper cervical spine in 
neutral and moving the lower cervical spine 
from extension to fl exion and back again. The 
low cervical spine is moved by tilting the head 
forward from the base of the neck. The exercise 
should be repeated slowly for 15 – 20 repeti-
tions, two to three times a day.  

   �      A  ‘ give ’  into  extension  in the  upper cervical 
spine , by positioning the upper cervical spine 
in neutral, maintaining this neutral position 
and moving the low cervical spine through 
range from fl exion to extension. Instruct the 
patient to perform a backward head tilt. 
Extension should occur at the low cervical 

     Figure 4.2     ( a ) Static posture. ( b ) Patient demonstrating lower cervical  ‘ give ’  into fl exion. Note how the mid - cervical spine 
remains in lordosis. (c) Controlling the  ‘ give ’  and moving the restriction.  

(a) (b) (c)
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  (4)     Infl ate the pressure biofeedback to a base pres-
sure of 20   mmHg.      

 Instruct the patient to slide their head up the towel 
using a nodding action until the pressure increases 
from 20   mmHg to 22   mmHg; then ask the patient 
to hold for 5 seconds. Relax back to 20   mmHg, 
then increase the pressure to 24   mmHg using the 
same action and hold for 5 seconds. Then relax 
back to 20   mmHg and then increase the pressure 
from 20   mmHg to 26   mmHg and hold again for 5 
seconds. This test should be repeated twice without 
substitution or fatigue. The patient must achieve 
cranio - cervical fl exion during the test. Substitution 
strategies may include loss of neutral position and 
palpable or visible contraction of the sternomas-
toid, scalenes or hyoids (Falla  et al. ,  2003 ). 

  Rehabilitation of the deep fl exors : If the patient 
does not have ideal recruitment, i.e. cannot sustain 
the holds or uses substitution strategies, the deep 
fl exors must be retrained. The pressure that can be 
achieved using the biofeedback device, without sub-
stitution, and cranio - cervical fl exion noted. Ask the 
patient to hold this pressure for 10 seconds and 
repeat 10 times. As the patient improves the ability 
to hold, the incremental pressures will become 
easier. There must be no co - contraction rigidity  –  
this is manifested by dominance of the superfi cial 
global mobility muscles holding the head rigid. 
Once the patient has learnt the correct movement 
with the biofeedback, this exercise should start in 
sitting and progress to standing. To progress reha-
bilitation, the anterior stabilisers need to be func-
tionally loaded, by positioning the patient in supine 

the available range of upper cervical side 
bending. Instruct the patient to tilt the head at 
the base of the skull. The patient should be 
sitting or standing, keeping the occiput against 
the wall. Repeat 15 – 20 for repetitions, two to 
three times per day.  

   �      A  ‘ give ’  into  side fl exion  at the  upper cervical 
spine , by positioning the cervical spine and 
scapula in neutral, tilting the head through the 
available range of lower cervical side bending 
by tilting the head at the base of the neck. The 
patient should be sitting or standing, keeping 
the occiput against the wall. Repeat 15 – 20 for 
repetitions, two to three times per day.    

 It is important that the symptoms experienced 
by the patient are related to the site of  ‘ give ’ . A 
patient may present with a combination of these 
dysfunctions but the clinician must decide which 
dysfunction is most relevant to the patient ’ s symp-
toms. It may be necessary to use manual therapy 
for articular or myofascial restriction in combina-
tion with the above movement for re - education.  

  (2) Teach the  p atient to  c ontrol  t ranslation in 
a  n eutral  j oint  p osition 

 This exercise is for the local stability muscles and 
aims to regain normal muscle stiffness in order to 
control translation. These exercises are low load 
and aim to stimulate the anterior and posterior 
local stabilisers in neutral. Several tests must be 
completed to assess the function of these local sta-
bilisers and the rehabilitation of these muscles then 
uses the test positions. 

  (a)      Testing deep fl exors of the cervical spine     

 The cranio - cervical fl exion test (Fig.  4.3 ) 
(Comerford and Mottram,  2007 , adapted from the 
work by Jull  et al. ,  2004b , cited in Boyling  et al. , 
 2004 ) assesses the deep neck fl exors, i.e. rectus 
capitis anterior and lateralis    ±    longus capitis and 
deep multifi dus. 

  (1)     Position the patient in supine with the cervical 
spine, temporomandibular joints and scapulae 
in a neutral position.  

  (2)     Place a small rolled - up towel under the top of 
the back of the head to support the cervical 
spine in neutral.  

  (3)     Place the pressure biofeedback under the cervi-
cal lordosis, folded and clipped.  

     Figure 4.3     Cranio - cervical fl exion test.  
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isometrically against this light resistance for 15 
seconds for two repetitions without any give 
into upper cervical fl exion, substitution or 
fatigue. There should be no movement.  

  (4)     Substitution strategies include active upper cer-
vical extension, movement such as the head 
pushing down, indicating scalene and co -
 contraction rigidity, or contraction of the 
sternocleidomastoid.      

  Rehabilitation of the deep extensors : If the patient 
does not have ideal recruitment, the deep suboc-
cipital extensors must be retrained. The patient 
holds their head themselves with the index and 
middle fi ngers along the occiput. They slowly and 
gently try to move the head passively into upper 
cervical fl exion with their hands, while simultane-
ously trying to resist this motion. The resistance 
should be against very light pressure. Instruct the 
patient to hold for 10 seconds and repeat for 10 
repetitions. This can be performed in different pos-
tures. The patient should beware of aggravating 
symptoms, particularly if there is neural sensitivity 
relating to headaches or dural sensitivity. To 
progress rehabilitation, load the posterior stabilis-
ers functionally, by positioning the patient in prone 
and neutral. The operator should hold the patient ’ s 
head with the forehead resting on the operators ’  
hand. Instruct the patient to keep the head station-
ary as the operator removes the supporting hand. 
The patient should be able to hold the position for 
15 seconds for 2 repetitions without fatigue or sub-
stitution strategies. For a home programme the 
patient should sit at a table with neutral alignment 
and lean forward to take weight on their forearms. 
Train 10 - second holds for 10 repetitions. Progress 
the exercise to 45 °  prone incline position and then 
to prone. The exercise can then be progressed to 
different postures. Use of unstable surfaces, such as 
a Swiss ball, could then be introduced. 

   (3) Teach the  p atient to  a ctively  c ontrol the 
 f ull  a vailable  r ange of  m ovement 

 This involves the rehabilitation of the global muscle 
system. These muscles must control full passive 
inner range and any hypermobile outer range. The 
ability to control rotation is a particularly impor-
tant role of these muscles. For stability control, the 
eccentric role of these muscles is more important 
than their concentric role. To rate these muscles, 
three factors must be considered: 

and having their head resting in neutral in the physi-
otherapist ’ s hand. The patient is instructed to keep 
the head stationary as the physiotherapist removes 
the supporting hand. On testing the patient should 
be able to support their head in neutral for about 15 
seconds for two repetitions without fatigue or sub-
stitution strategies. The superfi cial mobility muscles 
will be active but should not dominate. Abnormal 
substitution strategies include chin poke and low 
cervical fl exion. For a home programme, patients 
should start this exercise in supported incline sitting 
about 10 – 15 °  from the vertical (e.g. against an 
ironing board) and just lifting their occiput clear 
without substitution strategies and holding for 
10    ×    10 seconds. The angle of supported sitting can 
then be increased to 45 ° . The exercise can thereafter 
be done in different postures and progressed again 
with the use of unstable surfaces. 

  (b)      Testing the deep extensors of the cervical spine     

 For the deep suboccipital extensor test (Fig.  4.4 ; 
adapted from Kennedy,  1998 ): 

  (1)     Position the patient in supine with the cervical 
spine and scapulae in neutral. Keeping the jaw 
relaxed will help to keep the temporomandibu-
lar joints in neutral.  

  (2)     Support the patient ’ s occiput with the 
fi ngertips.  

  (3)     Instruct the patient to keep the head in neutral 
as the therapist attempts to gently move the 
head into upper cervical fl exion (using a suboc-
cipital distraction action). On testing the 
patient should be able to maintain this position 

     Figure 4.4     Test for deep extensor function.  
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tal as the head lifts forwards, a combination of 
sternomastoid and scalenes are dominant. If 
the hyoids are dominant the patient will not be 
able to talk normally. Other strategies are the 
head pushing down or sideways, or rotation of 
the shoulder girdle or trunk.    

  Rehabilitating the anterior global stability muscles 
in   mid - inner range : Reproduce the movement, but 
only to the range that is controlled. Initially, train 
without rotation i.e. hold in midline. Once 10    ×    10 
second holds in full range have been achieved, 
progress onto holds in fl exion and rotation. If 
control is very poor this exercise can be started in 
incline sitting and progressed into supine. 

  Testing the anterior global stability muscles in   outer 
range  :  

  (1)     Position the patient in sitting tall and sup-
ported with a neutral spine, with the mouth 
closed and a neutral bite (jaw not clenched).  

  (2)     Instruct the patient to fl ex the upper cervical 
spine and then independently extend the lower 
cervical spine. Maintaining the low cervical 
spine in extension slowly extend the upper cer-
vical spine by allowing the chin to lift towards 
the ceiling (initially only quarter range) and 
return to neutral, leading with active upper 
cervical fl exion. Make sure the chin does not 
protrude; and the occiput must not lift verti-
cally. The chin must move down and inwards 
and the occiput must move up. If control is 
good at quarter range, progress to half and 
then three - quarters, and fi nally full range upper 
cervical extension.    

  Rehabilitating the anterior global stability muscles 
in the   outer range : Reproduce the movement, but 
only in the range that is controlled. Initially hold 
for 10    ×    10 seconds in the midline and progress to 
adding rotation. If control is poor, this exercise can 
be started in incline sitting. It is important to regain 
inner range control before training outer range to 
prevent aggravating the patient ’ s symptoms. 

  Patients presenting with low cervical fl exion and 
rotation stability dysfunction : Rehabilitation of the 
posterior low - cervical global stabiliser muscles 
(multifi dus, spinalis, and semispinalis cervicus) is a 
priority for low cervical fl exion and rotation stabil-
ity dysfunction. 

   �      Does the inner range shortening of the 
muscle    =    the passive range of movement of the 
joint?  

   �      For stability control, if muscle active    =    joint 
passive, can the muscle support the neck in this 
position?  

   �      If the muscle can support the neck in its inner 
range, can it eccentrically control the lowering 
through the range of motion, in a smooth 
manner, without the loss of trunk and scapular 
stability?    

 Exercises for the rehabilitation of the global 
mobility muscles must start in basic postures and 
progress to functional positions such as sitting at a 
desk, or made sport - specifi c for the athletic 
population. 

  Patients presenting with upper or mid - cervical 
extension and rotation stability dysfunction : 
Rehabilitation of the anterior global stabiliser 
muscles (longus colli, oblique fi bres and longus 
capitis) is a priority for patients with upper or mid -
 cervical extension and rotational stability dysfunc-
tion, as these muscles eccentrically control 
extension. 

  Testing the anterior global stabiliser muscles in 
  mid - inner range : 

   �      Position the patient in supine and neutral.  
   �      With the back of the subjects head resting in 

neutral on the operators hand, instruct the 
subject to lift their head forward through range 
into full fl exion and rotation (chin towards the 
sternum and at least half range rotation). At 
this point the operator passively supports the 
head and assesses if there is any more range 
available. If the operator can see more passive 
range than the patient was able to achieve 
actively, the patient has failed the test. If no 
more range can be seen from the passive assess-
ment, instruct the patient to hold that inner 
range position for 15 seconds and then lower 
the head back to neutral. This should be com-
pleted twice. The patient should be able to hold 
the head and lower down to neutral smoothly 
with no substitution strategies.  

   �      Substitution strategies may include chin poke 
due to dominant sternomastoid, and shoulder 
girdle elevation/protraction due to dominant 
scalenes. If the plane of the face stays horizon-
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 This will be covered briefl y in exercises for range 
of motion.    

  Strength  t raining 

 Once the patient has been able to correct the stabil-
ity dysfunction, overload training can be started. It 
is important to include functional postures as soon 
as possible, as this helps to retrain the sensorimotor 
system. Exercises can be combined with scapular 
and lumbar spine stability work. It is essential that 
rehabilitation be taken to its end stage. Functional 
activities and sporting activities rely on the success-
ful combination of basic stability and strength of 
the entire body, moving with different forces, at 
various speeds. Functional training is  ‘ training that 
conditions the body consistent with its integrated 
movement and/or use ’  (Santana,  2000 ). 

 Thera - Band ® , pulleys and bungees can provide 
resistance, however, head harnesses and free weights 
are useful with elite athletes such as professional 
rugby players. Swiss balls and  ‘ sit - fi ts ’  are useful for 
isometric exercises. A strength training programme 
should include exercises for the shoulders, upper 
back and chest. Ylinen  et al.   (2003)  suggest dumb-
bell shrugs, presses, curls, bent over rows, fl ys or 
pullovers, completing three sets of 20 repetitions. 
The following text includes examples of cervical 
spine resistance exercises for patients who have 
progressed from stability training. Sensorimotor 
exercises need to be added to complete the pro-
gramme. It is assumed that the patient has warmed 
up (including self - resisted isometric cervical exer-
cises and gentle cervical self stretches). 

  (1)     Isometric exercises using the sit - fi t:     Flexion, 
extension, side fl exion (left and right). Stand 
2 – 3 foot lengths from the wall. Place the sit - fi t 
against wall (Fig.  4.5 a). Keeping the cervical 
spine in neutral, the patient should place their 
head on the sit - fi t and lean into the wall. Hold 
for 20 seconds. To progress this exercise, move 
the feet further away from the wall, and to 
progress again, the patient could stand on one 
leg or add in arm movement with weights. This 
exercise can also be completed with a Swiss 
ball on the fl oor (Fig.  4.5 b).  

  (2)     Concentric/eccentric exercises with Thera -
 Band ™   (Fig.    4.6   ):      Flexion; fl exion plus oblique 

  Testing the posterior low cervical stabilisers in inner 
range:  

  (1)     Position the patient in prone resting on the 
elbows with the scapulae and thoracic spine in 
neutral and the head hanging in fl exion.  

  (2)     Instruct the subject to maintain the upper 
cervical spine in fl exion or neutral and lift the 
head with independent extension and rotation 
of the low cervical spine through full range and 
then return eccentrically to the starting 
position.  

  (3)     The patient should be able to hold for 15 
seconds twice without fatigue or substitution.    

  Rehabilitating the posterior low stabilisers : 
Reproduce the movement, but only in the range 
that is controlled. Initially hold for 10    ×    10 seconds 
in midline and progress to adding rotation. If 
control is poor this exercise can be started in sitting, 
leaning at 45 ° , and then progress to prone on 
elbows. 

  For patients presenting with upper or mid - range 
fl exion and rotation/side bending stability dysfunc-
tion : Rehabilitation of inner range  suboccipital 
stabiliser  muscles is a priority for upper or mid -
 cervical fl exion and rotation/side bending stability 
dysfunction. 

  Testing the suboccipital stabilisers in inner range:  

  (1)     Position the patient prone, resting on their 
elbows, with the cervicothoracic junction at 
end - range extension and a neutral upper cervi-
cal spine.  

  (2)     Instruct the patient to perform active upper 
cervical lateral fl exion. There should be sym-
metrical full range upper cervical lateral fl exion 
without substitution or fatigue. The patient 
should hold the position for 15 seconds for two 
repetitions without fatigue or substitution.    

  Rehabilitating the suboccipital stabilisers : 
Reproduce the movement, but only in the range 
that is controlled. Instruct the patient to try to hold 
for 10    ×    10 seconds. If this is not possible, fi rst try 
to unload the exercise by asking the patient to 
leaning forwards on their forearms; if this does not 
work reduce the hold time. 

  (4)     Regaining extensibility of the global mobilisers    
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right and left; extension; extension plus oblique 
right and left; side fl exion.      

 These exercises can be completed in standing or 
sitting. Ensure that the patient can complete the 
movements without the dysfunction they originally 
presented with. The eccentric movement back 
into neutral must be slow and controlled. Ten 
repetitions    ×    2 sets in each direction should be 
completed. 

 Elite athletes such as professional rugby players 
may need more resistance, such as the 1 - minute 
circuit exercises shown in Figure  4.7 . It is important 
that these exercises are done under the supervision 
of the clinician, with no pain and only after suc-
cessful progression of resistance exercises. These 
exercises could also be used as part of a prehabilita-
tion session (Steele,  2007 ).    

  Range of  m ovement/
 fl  exibility  e xercises 

 General sustained self - stretches for the cervical 
spine have been taught for many years and are well 
known. Holding time for the stretches range from 

     Figure 4.5     ( a ) Isometric fl exion exercise with sit - fi t. ( b ) Isometric extension exercise with a Swiss ball.  

(a) (b)

     Figure 4.6     Thera - Band  ®   fl exion exercise.  
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(a) (b)

(c) (d)

        Figure 4.7     Resisted cervical exercises for elite rugby players (forward positions). ( a ) Flexion hold plus shoulder press. 
( b ) Extension hold plus one arm fl y. ( c ) Isometric fl exion with trunk fl exion. ( d ) Extension hold plus deep squat. 
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Figure 4.7 (Continued) 

(e) (f)

(g) (h)

( e ) Lateral lunge plus side fl exion hold. ( f ) Isometric extension plus bilateral fl y. ( g ) Deep squat starting 
position. ( h ) Head bridge.  
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pain related to low cervical fl exion, upper cervical 
extension and rotation stability dysfunction. To 
assess whether the scalenes are overactive, position 
the patient in supine with the occiput on the bed. 
The therapist ’ s hand supports the cervical lordosis 
as seen in Figure  4.9 b and the other hand stabilises 
the fi rst rib. The patient ’ s head is then positioned 
to bias the particular scalene: 

   �      Anterior scalene  –  half range rotation towards 
the stabilised rib and then 15 °  side bend away  

   �      Middle scalene  –  no rotation and 15 – 20 °  side 
bend away  

   �      Posterior scalene  –  one third rotation away and 
then 20 – 25 °  cervical side bend away.    

 To stretch the scalene, the patient actively reposi-
tions the test movement until either muscle resist-
ance stops the movement or stability is lost. The 
physiotherapist then passively supports this posi-
tion. The subject is asked to exhale and the stretch 
is held for 20 – 30 seconds and repeated three to fi ve 
times (Fig.  4.9 b). 

 The  levator scapulae  often appear overactive in 
patients presenting with cervical extension and 
rotation stability dysfunction. To test if the levator 
scapulae are overactive, position the patient in 
supine with the scapulae midway between elevation 
and depression, and the head forward in fl exion to 
resistance. Rotate and side bend the head away 
until either muscle resistance stops or muscle 
tension causes a loss of proximal shoulder position. 
Ideally with the operator providing head fi xation, 
there should be no further increase in neck range 
into side bend, when the muscle is unloaded by 
hitching the shoulder. The patient should be able to 
reproduce passive range without substitution or 
loss of proximal control. To stretch the levator 
scapulae, actively reproduce the test movement and 
passively support this position. Actively retract and 
depress the scapula and hold this stretch for 20 – 30 
seconds, then repeat the stretch three to fi ve times. 
The stretch should be felt mainly at the neck angle 
rather than the upper cervical spine (Fig.  4.9 c).  

  Sensorimotor and 
 p roprioceptive  r ehabilitation 

 Treleaven  (2008)  regards the inclusion of rehabili-
tation of the sensorimotor system in cervical spine 
disorders to be as important as lower limb proprio-
ception retraining following an ankle or knee injury. 

30 seconds to 2 minutes and these are repeated two 
to three times. A useful technique for increasing 
range of motion into extension, side fl exion or rota-
tion is a Mulligan  (1999)  sustained natural apophy-
seal glide (SNAG) with a towel (See Fig.  4.8 ).   

 The  ligamentum nuchae  becomes tight in sub-
jects presenting with a loss of control into upper or 
mid - cervical extension, as the distance from the 
posterior occiput to the lower cervical spine is in a 
constantly shortened position. This can be a 
common problem in the athletic cycling population, 
due to the position of the hands on the handle - bars 
and the necessity to keep the head up. To assess the 
length of the ligamentum nuchae, the patient should 
be in prone resting position on their elbows, with 
the scapulae in neutral, the thoracic spine fl exed 
and the head hanging so that the upper cervical and 
lower cervical spine is in fl exion. The head should 
hang in full fl exion with a midline groove between 
the paravertebral muscle bulk. If the ligamentum 
nuchae is tight, a prominent midline ligamentous 
ridge in the upper to mid - cervical spine can be seen 
and fl exion is restricted. To stretch the ligamentum 
nuchae, use the position just described and let the 
head hang down for 30 – 120 seconds and repeated 
two to three times (Fig.  4.9 ).   

 The  scalenes  appear dominant in individuals 
with poor local stability function who present with 

     Figure 4.8     Self SNAG to improve rotation.  
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  Cervical  j oint  p osition  s ense (Whiplash and 
Neck Pain Research Unit, Sterling,  2005 ) 

 A small laser pointer can be mounted onto a head-
band. The patient is seated 90   cm away from the 
wall and asked to look straight ahead. This point 
is marked on the wall. The patient is then blind-
folded and instructed to return to this point as 
accurately as possible following either left and right 
rotation or extension. The patient indicates verbally 
when they think they have returned to this position. 

  Motor  c ontrol 

 It has been demonstrated that individuals with neck 
pain have altered motor control. Clinical assess-
ment and rehabilitation of the cervical sensorimo-
tor system has three components (Whiplash and 
Neck Pain Research Unit, Sterling,  2005 ): 

   �      Cervical joint position sense  
   �      Standing balance  
   �      Oculomotor function.    

     Figure 4.9     ( a ) Ligamentum nuchae stretch. ( b ) Scalene stretch. ( c ) Levator scapulae stretch.  

(a)

(b) (c)
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 Exercises to improve standing balance are based 
on the tests and can be integrated with functional 
activities.  

  Oculomotor  f unction (Sterling,  2005 ) 

     �       Eye follow   –  the patient keeps the head still 
and follows a moving target with the eyes; 
from side to side, up and down, progressing to 
an H pattern (Fig.  4.10 ). The trunk is then 
rotated (up to 45 °  neck torsion) or to a point 
just short of pain. Again the head is kept still, 
and the test of following a moving target with 
the eyes is repeated (rotating the trunk biases 
the cervical receptors compared with the ves-
tibular receptors). Keeping the head still, the 
patient follows saccadic movements at ran-
domised eye positions. The starting position, 
speed and focus point can be altered accord-
ingly. The therapist should monitor the patient ’ s 
ability to follow the target. Jerky eye move-
ments, dizziness, unsteadiness or nausea are 
noted. Exercises to improve eye follow func-
tion are based on the results of the tests 
described above.  

   �       Gaze stability   –  ask the patient to keep the eyes 
focused on a point while moving the head 

The fi nal position can be marked and compared 
with the initial starting position, measured in cen-
timetres. If the patient presents with dysfunctions 
in cervical joint position sense, they can commence 
relocation rehabilitation exercises immediately. The 
patient can practise relocating the head to predeter-
mined positions in fl exion, extension rotation and 
side fl exion while blindfolded. Another useful exer-
cise is the cranio - cervical fl exion test as discussed 
above. The patient should practise targeting differ-
ent pressures on the biofeedback device, with their 
eyes closed and then open their eyes to check on 
the pressure on the dial. Higher - level skills include 
following a moving target of a set speed and dis-
tance with the eyes open and replicating the same 
movement with the eyes closed. Speed and distance 
can be altered. 

  Alternative test for cervicohead repositioning 
accuracy  (Comerford and Mottram,  2007 ): The 
patient is positioned in four - point kneeling. The 
head and neck are passively positioned in neutral 
alignment, and then the patient actively moves 
(turning side to side, looking up/down) and attempts 
to return to the neutral position. This is performed 
twice and rated with the following scale: 

   Good : the patient accurately and confi dently returns 
to the neutral position both times without making 
adjustments.  

   Average : The patient returns to neutral position 
with reasonable accuracy but lacks the confi -
dence  –  may need to make several adjusting 
movements or is  ‘ not quite sure ’ .  

   Poor : The patient cannot return to the neutral posi-
tion and is often very unsure of the correct 
position.     

  Standing  b alance (Sterling,  2005 ) 

 Clinical examination of standing balance involves 
progressively challenging the postural control 
system by altering foot position, visual input and 
the supporting surface. Each test should be assessed 
for 30 seconds and sway or rigidity noted. The 
progression can be as follows: 

   �      Comfortable    →    narrow stance  
   �      Firm    →    soft surface (e.g. 10   cm dense foam)  
   �      Eyes open    →    eyes closed  
   �      Double leg    →    single leg.         Figure 4.10     Eye follow exercise.  
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actively or passively in all directions. The 
therapist should note any reproduction in 
symptoms, such as inability to focus or dizzi-
ness. Progress to asking the patient to close 
their eyes, move their head and then open 
their eyes again to check that the eyes have 
maintained a stable gaze on the target. This 
tests imaginary gaze. To improve gaze stability, 
start with exercises in supine looking at the 
ceiling, and progress to exercises in sitting or 
standing. To progress this exercise, peripheral 
vision can be restricted by using a pair of swim-
ming goggles that have been blackened out 
except for a small area in the centre of each 
eye.  

   �       Eye/head co - ordination :  

  (1)     Rotate the eyes and head to the same side left 
and right.  

  (2)     The eyes move fi rst to a target. The patient then 
turns the head ensuring the eyes are kept focus 
on the target.  

  (3)     The eyes move fi rst and then the head to look 
between two targets placed either horizontally 
or vertically, maintaining focus between the 
two points.  

  (4)     The eyes and head are rotated to the opposite 
side, left and right.      

 Exercises to improve eye follow are based on the 
tests which assess ability to follow a moving target 
(see above) (Sterling,  2005 ). 

 In conclusion, current literature supports the use 
of exercise in the management of mechanical neck 
pain, whiplash and cervicogenic headache. When 
designing a therapeutic exercise programme for 
individuals with neck pain, it is essential that all 
relevant components are included. Specifi c func-
tional stability work is essential and is the key to 
symptom relief and strength training that prepares 
the body for function, return to work or sport. 
Sensorimotor training can be started the day the 
patient presents to the clinician and is an essential 
part of rehabilitation.     

     A 45 - year - old right - handed painter presents with 
central neck pain and mild dizziness, following a 
rear - end collision 2 weeks ago. He returned to 
work but found that this aggravated the problem 
and he has had to take sick leave. On examination 
the patient has a head - forward - hinge posture, 
with the hinge at the mid - cervical spine.  

  Movements: fl exion  –  no immediate pain but 
the lower cervical spine is relatively fl exible into 
fl exion compared to the upper cervical spine; 
extension  –  pain at half range over crease at the 
mid - cervical spine, where there is an area of rela-
tive fl exibility into extension and low cervical 
extension is restricted. Right rotation is painful on 
the right and asymmetrical, with an increase in 
relative fl exibility at the mid - cervical spine. Left 
rotation causes a mild pulling sensation. On pal-
pation,  ↓  C 4/5 is painful (soft end - feel) and 
C5/6/7 is stiff, with a hard end - feel. PPIVMs 
(passive physiological intervertebral movements) 
reveal that C4/5 is hypermobile into extension 
and rotation and hypomobile into fl exion with 

C5/6/7 stiff into extension. Cervical repositioning 
is assessed as being poor, with mild defects in 
standing balance and gaze stability.  

  Hypothesis: This patient has low cervical 
fl exion give and a mid - cervical extension give.   

  Exercise  p rogramme 

  Treatment 1 

    (1)     Control site and direction of movement. Teach 
the patient to control extension at the mid -
 cervical spine and move into extension from 
the low cervical spine. Position the patient in 
sitting with the upper and mid - cervical spine 
in neutral. Ask the patient to move through 
range from fl exion to extension, maintaining 
neutral at the upper and mid - cervical spine. 
Use a mirror and your hands to guide the 
patient so that movement occurs at the lower 
cervical spine. Teach the patient rotation 
control in a similar manner. Check that the 

 Case study 1 

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS             
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patient can do the exercises correctly without 
feedback. The patient needs to practise these 
exercises for 15 – 20 repetitions two to three 
times per day and then built to 1 – 2 minutes 
until it feels natural and familiar.  

  (2)     Teach scapular stability exercises (Mottram, 
 2003 ).  

  (3)     Hold a pen in front of the patient and ask 
him to move his head slowly into  small  ranges 
of fl exion, left and right rotation and left and 
right side fl exion, while keeping the gaze set 
on the pen. This should be repeated three 
times, two to three times per day.  

  (4)     Ask the patient to try to balance on one leg 
for 30 seconds and repeat twice on each leg.  

  (5)     He should aim for a 30 - minute walk every day.     

  Treatment 2 

    (1)     Teach the patient to control the uncontrolled 
hypermobility at C4/5. (a) Using the pressure 
biofeedback, teach the patient to recruit the 
deep fl exors in neutral and hold for 10 
seconds for 10 repetitions. Teach him to do 
this as a home exercise using the wall as 
feedback. (b) Teach the patient to recruit the 
deep suboccipital extensors and hold for 10 
seconds for 10 repetitions. Once the patient 
can do this correctly, teach the home exercise 
using his own hands to give resistance.  

  (2)     Progress exercise 1 from day 1. Ask the 
patient to repeat this exercise in standing and 
progress with the right upper limb in the 
functional position he uses for work.  

  (3)     Teach scapula stability exercises holding a 
paintbrush.  

  (4)     Progress the balance exercises to closed eyes.  
  (5)     Progress the gaze stability exercises by asking 

the patient to close their eyes, move their head 
and then open their eyes to check the eyes have 
maintained a stable gaze on the target.  

  (6)     Continue with walking.     

  Treatment 3 

    (1)     Teach the patient to actively control the full 
available range of movement of extension 
and rotation, by aiming to rehabilitate the 
anterior stabilisers in inner and outer range. 

(a) In incline sitting ask the patient to fl ex the 
neck as far as possible without substitution 
strategies. Hold 10    ×    10 seconds in the 
midline. Progress the exercise to supine and 
then fl exion and rotation holds. Once the 
patient has trained the anterior stabilisers in 
inner range, progress to outer range by 
instructing the patient to fl ex the upper cervi-
cal spine and then independently extend the 
lower cervical spine. This will help to unload 
the structures under strain due to the uncon-
trolled movement at the mid - cervical spine. 
Add in functional arm movements as able.  

  (2)     Re - educate the posterior stabilisers by posi-
tioning the patient in prone, resting on the 
elbows with the head hanging in fl exion. The 
patient should maintain the upper cervical 
spine in neutral and lift the head with inde-
pendent extension and rotation of the low 
cervical spine. Hold for 10    ×    10 seconds.  

  (3)     Teach the patient to increase the extensibility 
of the right scalenes using the left hand for 
resistance and following the stretch proce-
dure as discussed.  

  (4)     Progress the balance exercises to wobble 
board work.  

  (5)     Progress the gaze stability exercise, using the 
goggles to restrict peripheral vision.     

  Treatment 4 

    (1)     Progress exercise 1 in treatment 3 by using 
Thera - Band ®  to resist extension and fl exion.  

  (2)     Progress into functional loading activities. 
For example, control cervical extension and 
maintain good scapulothoracic patterning, 
while elevating the arm through scaption 
with a 1   kg weight. Use different speeds and 
different angles. Another example is an exer-
cise to replicate lifting a ladder. Start with a 
65   cm Swiss ball and ask the patient to control 
the cervical extension as he picks up the ball 
from a chair and lifts it to a higher surface 
while looking up. Progress the exercise to 
lifting a box.  

  (3)     Progress the gaze stability exercises into func-
tional applications.  

  (4)     Ask the patient to continue with walking or 
add in static bike cycling.      

Case study 1—cont’d
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     A 31 - year - old front row rugby player presents to 
you after having sustained a  ‘ stinger injury ’  during 
a tackle in a game last week. There are no residual 
symptoms and he has no neck pain. Craniovertebral 
instability tests and vertebrobasilar insuffi ciency 
(VBI) tests are clear. This is the second stinger 
injury in 2 months. A magnetic resonance (MR) 
image shows mild spinal stenosis.   

  Management 

 The patient has been doing an exercise programme 
that includes: 

  (1)     Exercises to improve a mild fl exion give at the 
lower cervical spine  

  (2)     Neural dynamic mobilisations for the median 
nerve  

  (3)     Stretches for the anterior scalenes  
  (4)     Stability exercises for the glenohumeral joint 

and thoracic spine, including rotator cuff 
exercises in functional positions  

  (5)     Proprioceptive training for the cervical spine, 
thoracic spine and glenohumeral joint  

  (6)     Tackle technique training with the coach.    

 The following is an example of an exercise pro-
gramme for cervical strengthening. (To be com-
pleted 2 – 3    ×    week as part of the rehabilitation 
programme. Full exercise programme must 
include progressions of the exercises just 
described.) 

  Warm -  u p 

     �      10 minutes on a bike.  
   �      Manual isometric holds 10 seconds, fl exion, 

extension, left and right lateral fl exion and 
left and right rotation.  

   �      Cervical self - stretches all ranges    ×    5.  
   �      Deep cervical fl exor holds 10    ×    10 seconds.  
   �      Deep suboccipital extensor holds 10    ×    10 

seconds.  
   �      Upper limb mobilisations for the median 

nerve (ULNT1).    

  Circuit   –  1 minute per exercise with 30 seconds 
rest. Circuit to be completed twice. 

  (1)     Flexion/extension/left side fl exion/right side 
fl exion holds with sit - fi t against the wall.  

  (2)     Extension hold plus deep squat.  
  (3)     Flexion hold plus deep squat.  
  (4)     Lateral lunge plus side fl exion hold.  
  (5)     Arm steps plus extension hold  –  using a 

weighted neck harness; position the patient in 
a press - up position directly in front of wall 
bars. Instruct the individual to walk up the 
wall bars with their hands. The cervical spine 
must be kept in neutral.  

  (6)     Three - way front lunge  –  position the indi-
vidual in standing about 1.2   m (4   ft) from 
wall bars with their back to the wall. Attach 
a head strap over the forehead and attach the 
strap to the wall bars with Thera - Band ®  or 
bungee. Instruct the individual to step into a 
running position, i.e. step standing with 
running arm position. The cervical spine 
must remain in neutral.  

  (7)     Trunk roll - out  –  start in a supine position 
with the thoracic spine resting on a Swiss 
ball. Maintain cervical spine and trunk in 
neutral while rolling over the ball by fl exing 
and extending the knees. The end position is 
when the ball reaches the occiput.    

 Warm down  –  relaxation drill in supine plus visu-
alisation of correct tackling technique.   

 Case study 2 

     A 60 - year - old medical secretary presents with 
insidious - onset neck pain. She has a 2 - year history 
of mild, intermittent headache over the right tem-
poral region associated with mild right neck ache. 
Her job involves a signifi cant amount of reading 

and she feels this may be aggravating her head-
aches. Her neck ache increases as the day goes on. 
X - rays show that she has a loss of disc height at 
C3 ,  4  and  5 cervical discs with associated degen-
eration. Her doctor has diagnosed cervical spond-

 Case study 3 
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ylosis and feels that the headache may be related 
to her neck. He has ruled out any other medical 
condition. On assessment she has a chin poke 
posture.  

  Movements :  Flexion three - quarters range 
(resistance    >    pain) increase in relative fl exibility of 
the lower cervical spine into fl exion ;  extension half 
range (onset of pain    =    onset of resistance); left 
rotation/side fl exion half range (resistance    >    pain) , 
 right rotation/side fl exion half range (resist-
ance    =    pain). On palpation   ↓   C1/2 is stiff and 
painful ,  with unilateral right postero - anterior 
accessory movement being very sore early in range 
over C2/3. During the cranio - cervical fl exion test 
the patient is unable to sustain target pressure 
levels of 24   mmHg for a period of 5 seconds 
without the chin poking out and the right sterno-
cleidomastoid becoming signifi cantly overactive. 
Cervical joint position sense and balance is assessed 
as being  ‘ poor ’ . The patient has been attending 
physiotherapy for 3 weeks and has found that 
manual therapy for the upper cervical spine has 
helped ,  but has not resolved the problem. In addi-
tion her home programme has included static bike 
work ,  basic fl exion control exercises ,  deep fl exor 
and deep extensor exercises ,  anterior stabiliser 
exercises in inner range ,  cervical repositioning 
exercises and various oculomotor exercises.  

  Hypothesis :  this woman has a low cervical 
fl exion give, which is improving but has not yet 
completed mid - stage rehabilitation into function.   

  Management 

  Treatment 1 

    (1)     Position the patient in sitting with a light 
Thera - Band ™  around the head to provide 
resistance into extension. This exercise aims 
to improve eccentric control of cervical 
fl exion. Instruct the patient to maintain the 
upper cervical spine in neutral, move the low 
cervical spine slowly through range from 
fl exion to extension and back into fl exion to 
do a backward head tilt. Make sure the 
patient extends through the low cervical 
spine. Progress this exercise to sitting on a 
Swiss ball.  

  (2)     Position the patient in her working posture at 
a desk with a book. Complete deep fl exor 
exercises 10    ×    10 seconds in this position. 
Progress this exercise either by sitting on a 
Swiss ball or Sit - Fit ™ .  

  (3)     With the patient in prone check that the 
patient is able to recruit the deep extensors. 
If she is able to do this progress the exercise 
to lying prone on a fi rm bed with the head 
overhanging the edge of the bed. Ask the 
patient to position the cervical spine in 
neutral, while recruiting the deep extensors. 
Hold for 10    ×    10 seconds and try to increase 
the holding time.  

  (4)     Once the patient has been training inner range 
anterior stabilisers and is able to hold in end -
 range fl exion and rotation without substitu-
tion strategies, progress to outer - range 
anterior stabiliser exercises. Position the 
patient in sitting with a neutral spine. Maintain 
the low cervical spine in extension slowly, 
extend the upper cervical spine by allowing 
the chin to lift towards the ceiling a quarter 
range. Hold for 10 seconds    ×    10 at a quarter 
range. Then try to do this exercise at half 
range, three - quarters range and full range. 
Add in rotation and repeat the exercise. Then 
add in isometric resistance at different ranges.  

  (5)     Complete the cervical repositioning exercises 
sitting on a Swiss ball. Add in scapular stabil-
ity work. Add in functional postures. Progress 
to standing on a sit - fi t.  

  (6)     Check that as the deep fl exors are improving 
(using the biofeedback), the right sternoclei-
domastoid is becoming less dominant. If the 
sternocleidomastoid seems shortened get the 
patient to sit with the occiput and thorax 
against the wall. Instruct the patient to rotate 
her head half range towards the right and side 
fl ex away. Actively slide the occiput up the 
wall (upper cervical fl exion) and hold for 
20 – 30 seconds, repeating three to fi ve times.  

  (7)     If the suboccipitals still seem tight, instruct 
the patient to lie supine with the hands bring-
ing the head into upper cervical fl exion and 
then actively slide the occiput up tall. Hold 
the stretch for 20 – 30 seconds and repeat 
three to fi ve times.      

Case study 3—cont’d
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  Student  q uestions 

           (1)   How would you describe the patient ’ s posture 
in Figure  4.2 a?   

   (2)   Which muscles may be dominant or tight in 
this type of posture?   

   (3)   What is the difference between a  ‘ global mobi-
liser ’  muscle and a  ‘ global stabiliser ’  muscle?   

   (4)   If a patient presents with two areas of  ‘ give ’  
how would you decide which area is the clini-
cal priority?   

   (5)   Why do you need to be careful when prescrib-
ing suboccipital extensor stretches to patients 
with neural irritability?   

   (6)   A patient presents to you with neck pain. 
(He also has chronic obstructive pulmonary 
disease). Which muscles are likely to be overac-
tive and contributing to the neck dysfunction?   

   (7)   How many repetitions of exercise would you 
recommend when using Thera - Band ®  for 
resistance?   

   (8)   What advice would you give to your patient 
following completion of an exercise 
programme?   

   (9)   Why is it important to vary the speed, range 
and starting positions of exercises?   

   (10)   Give three exercises for the rehabilitation of 
the cervical sensorimotor system. How would 
you progress these exercises for the following 
appointment?      

  Acknowledgements 

 The authors are grateful to Sarah Mottram, MSc, 
MMACP, MCSP, Chartered Physiotherapist, Private 
Practitioner, The Movement Works, Ludlow, UK, 
and Kinetic Control Accredited Tutor, Kinetic 
Control, UK, and Mark Comerford, BPhty MAPA, 
Physiotherapist, Performance Rehab, Australia, 
and Kinetic Control Accredited Tutor, Kinetic 
Control, UK for inclusion of their exercise pro-
gramme and discussion of their concepts in this 
chapter.   

  References 

    Binder ,  A.   ( 2007 )  cervical spondylosis and neck pain .  British 
Medical Journal ,  334 ,  527  –  531 .  

    Bourghouts ,  J.A. J.  ,   Koes ,  B. W.  ,   Vondeling ,  H.   and   Boulter , 
 L.M.   ( 1999 )  Cost of illness in neck pain in the Netherlands 
in 1996 .  Pain ,  80 ,  629  –  636 .  

    Boyling ,  J.D.  ,   Jull ,  G.A.   and   Twomey ,  L.T.   ( 2004 )  Grieve ’ s 
Modern Manual Therapy  –  The Vertebral Column ,  3rd 
edn .  Elsevier/Churchill Livingstone ,  Edinburgh .  

    Brison ,  R.J.  ,   Hartling ,  L.   and   Pickett ,  W.   ( 2000 )  A prospec-
tive study of acceleration - extension injuries following rear 
end motor vehicle collisions. World congress on whiplash -
 associated disorders in Vancouver, British Columbia, 
Canada, February 1999 .  Journal of Musculoskeletal Pain , 
 8 ,  7  –  13 .  

    Bronfort ,  G.  ,   Nilsson ,  N.  ,   Hass ,  M.  ,   Evans ,  R.  ,   Goldsmith , 
 C.H.  ,   Assendelft ,  W.J.J.   and   Bouter ,  L.M.   ( 2004 )  Non -
 invasive physical treatments for chronic/recurrent head-
aches .  Cochrane Database of Systemic Reviews , 3, 
CD001878.  

    Caroll ,  L.J.  ,   Hogg - Johnson ,  S.  ,   van der Velde ,  G.  ,   Haldeman , 
 S.  ,   Holm ,  L.W.  ,   Carragee ,  E.J.  ,   Hurwitz ,  E.L.  ,   C ô t é  ,  P.  , 
  Nordin ,  M.  ,   Peloso ,  P.M.  ,   Guzman ,  J.  ,   Cassidy ,  J.D.   and 
 Bone and Joint Decade 2000 – 2010 Task Force on Neck 
Pain and Its Associated Disorders . ( 2008 )  Course and 
prognostic factors for neck pain in the general population . 
 Spine ,  33 ( 4 Suppl. ),  S75  –  S82 .  

    Chiu ,  T.  ,   Lam ,  T.   and   Hedley ,  A.   ( 2004 )  A randomised con-
trolled trial on the effi cacy of exercise for patients with 
chronic neck pain .  Spine ,  30 ,  E1  –  7 .  

    Comerford ,  M.J.   and   Mottram ,  S.L.   ( 2007 )  Diagnosis of 
Mechanical Dysfunction and Stability Retraining of the 
Neck and Shoulder Girdle .  Kinetic Control ,  UK .  

    Comerford ,  M.J.  ,   Mottram   S.L.   and   Gibbons ,  S.G.T.   ( 2008 ) 
 Understanding Movement  &  Function  –  Concepts Course . 
 Kinetic Control ,  UK .  

    Cote ,  P.  ,   Cassidy ,  J.D.   and   Carroll ,  L.   ( 1998 )  The 
Saskatchewan Health and Back Pain Survey: the preva-
lence of neck pain and related disability .  Spine ,  23 , 
 1689  –  1698   

    Falla ,  D.  ,   Campell ,  C.D.  ,   Fagan ,  A.E.  ,   Thompson ,  D.C.   and 
  Jull ,  G.A.   ( 2003 )  Relationship between craniocervical 
fl exion R.O.M. and pressure changes during the craniocer-
vical fl exion test .  Manual Therapy ,  8 ,  92  –  96 .  

    Falla ,  D.  ,   Jull ,  G.  ,   Russell ,  T.  ,   Vicenzino ,  B.   and   Hodges ,  P.   
( 2007 )  Effect of neck exercise on sitting posture in patients 
with chronic neck pain .  Physical Therapy ,  87 ,  408  –
  417 .  

    Falla ,  D.  ,   Jull ,  G.A.   and   Hodges ,  P.W.   ( 2004 )  Neck pain 
patients demonstrate reduced E.M.G. activity of the deep 
cervical fl exor muscles during performance of cranio -
 cervical fl exion .  Spine ,  29 ,  2018  –  2014 .  

    Fuller ,  C.W.  ,   Brooks ,  J.H.   and   Kemp ,  S.P.   ( 2007 )  Spinal 
injuries in professional rugby union: a prospective 
cohort study .  Clinical Journal of Sports Medicine ,  17 , 
 10  –  16 .  

    Guzman ,  J.  ,   Haldeman ,  S.   and   Carroll ,  L.J.   ( 2008 )  Clinical 
practice implications of the bone and joint decade 2000 –
 2010 task force on neck pain and its associated disorders 
 –  from concepts and fi ndings to recommendations . 
 European Spine Journal ,  17 ,  S199  –  S213 .  



The Cervical Spine 51

    Harvey ,  H.   and   Cooper ,  C.   ( 2005 )  Physiotherapy for neck 
and back pain .  British Medical Journal ,  330 ,  53  –  54 .  

    Helewa ,  A.  ,   Goldsmith ,  C.H.  ,   Smythe ,  H.A.  ,   Lee ,  P.  ,   Obright , 
 K.   and   Stitt ,  L.   ( 2007 )  Effect of therapeutic exercise and 
sleeping neck support on patients with chronic neck pain: 
A randomised clinical trial .  Journal of Rheumatology , 
 34 ,  1 .  

    Highland   T.R.  ,   Dreisinger ,  T.E.  ,   Vie ,  L.L.   and   Russell ,  G.S.   
( 1992 )  Changes in isometric strength and range of motion 
of the isolated cervical spine after eight weeks of clinical 
rehabilitation .  Spine ,  17 ( 6 Suppl. ),  S77  –  82 .  

    Holm ,  L.  ,   Carroll ,  L.J.  ,   Cassidy ,  J.D.  ,   Hogg - Johnson ,  S.  , 
  Cote ,  P.  ,   Guzman ,  J.  ,   Pelsoa ,  P.  ,   Nordin ,  M.  ,   Hurwitz ,  E.  , 
  van der   Velde ,  G.  ,   Carragee ,  E.  ,   Haldeman  ,   S.   and 
 Bone and Joint Decade 2000 – 2010 Task Force on Neck 
Pain and Its Associated Disorders . ( 2008 )  The burden 
and determinants of neck pain in whiplash associated dis-
orders after traffi c collisions .  Spine ,  33 ( 4 Suppl. ), 
 S52  –  S59 .  

    Humphreys ,  B.   and   Irgens ,  P.   ( 2002 )  The effect of a rehabili-
tation exercise programme on head repositioning accuracy 
and reported levels of pain in chronic neck pain subjects . 
 Journal of Whiplash and Related Disorders ,  1 ,  99  –  
112 .  

    Hurwitz ,  E.  ,   Carragee ,  E.J.  ,   van der   Valde ,  G.  ,   Carroll ,  L.J.  , 
  Nordin ,  M.  ,   Guzman ,  J.  ,   Peloso ,  P.M.  ,   Holm ,  L.W.  ,   C ô t é  , 
 P.  ,   Hogg - Johnson ,  S.  ,   Cassidy ,  J.D.  ,   Haldeman  ,   S.   and 
 Bone and Joint Decade 2000 – 2010 Task Force on Neck 
Pain and Its Associated Disorders . ( 2008 )  Treatment of 
neck pain: Non invasive interventions .  Spine ,  33 ( 4 Suppl. ), 
 S123  –  S152 .  

    Jordan ,  A.  ,   Bendix ,  T.  ,   Neilson ,  H.  ,   Hansen ,  F.  ,   Host ,  D.   and 
  Winkel ,  A.   ( 1998 )  Intensive training, physiotherapy, or 
manipulation for patients with chronic neck pain .  Spine , 
 23 ,  311  –  319 .  

    Jull ,  G.  ,   Trott ,  P.  ,   Potter ,  H.  ,   Zito ,  G.  ,   Niere ,  K.  ,   Shirley ,  D.  , 
  Emberson ,  J.  ,   Marschner ,  I.   and   Richardson ,  C.   ( 2002 )  A 
randomised controlled trial of exercise and manipulative 
therapy for cervicogenic headache .  Spine ,  27 ,  1835  –  
1843 .  

    Jull ,  G.  ,   Kristjansson ,  E.   and   Dall ’ Alba ,  P.   ( 2004a )  Impairment 
in the cervical comparison of whiplash and insidious onset 
neck pain patients .  Manual Therapy ,  9 ,  89  –  94 .  

    Jull ,  G.A.  ,   Falla ,  J.  ,   Sterling ,  M.   and   Oleary ,  S.   ( 2004b )  A 
therapeutic exercise approach for cervical disorders . In: 
 Grieve ’ s Modern Manual Therapy  –  The Vertebral Column , 
 3rd edn , pp.  451  –  470 .  Elsevier/Churchill Livingstone , 
 Edinburgh .  

    Jull ,  G.  ,   Falla ,  D.  ,   Treleaven ,  J.  ,   Hodges ,  P.   and   Vicenzino , 
 B.   ( 2007b )  Retraining cervical joint position sense: the 
effect of two exercise regimes .  Journal of Orthopaedic 
Research ,  25 ,  404  –  412 .  

    Kay ,  T.M.  ,   Gross ,  A.  ,   Goldsmith ,  C.  ,   Santaguida ,  J.  ,   Hoving , 
 J.  ,   Bronfort ,  G.   and  Cervical Overview Group . ( 2005 ) 
 Exercises for mechanical neck disorders .  Cochrane 
Database of Systemic Reviews ,  3 ,  CD004250 .  

    Kennedy ,  C.   ( 1998 )  Exercise interventions for the cervical 
spine .  Orthopaedic Division Review ,  13  –  29 .  

    McKinney ,  L.A  ,   Dornan ,  J.O.   and   Ryan ,  M.   ( 1989a )  The role 
of physiotherapy in the management of acute neck sprains 
following road traffi c accidents .  Archives of Emergency 
Medicine ,  6 ,  27  –  33 .  

    Mottram ,  S.   ( 2003 ) In:   Beeton ,  K.   (ed.)  Manual Therapy 
Master Classes  –  The Peripheral Joints .  Elsevier ,  London .  

    Mulligan ,  B.   ( 1999 )  Manual Therapy  ‘ NAGS ,  SNAGS , 
 MWMS ’  ,  4th edn , p.  25 .  Plane View Services Ltd, 
Wellington. ,  New Zealand .  

    O ’ Leary ,  S.  ,   Jull ,  G.  ,   Kim ,  M.   and   Vicenzino ,  B.   ( 2007 ) 
 Specifi city in retraining craniocervical fl exor muscle per-
formance .  Journal of Orthopeadic and Sports Physical 
Therapy ,  37 ,  3  –  9 .  

    Panjabi ,  M.M.  ,   Cholewicki ,  J.  ,   Nibu ,  K.  ,   Grauer ,  J.  ,   Babat , 
 L.B.   and   Dvorak ,  J.   ( 1998 )  Critical load of the human 
cervical spine: an in vitro experimental study .  Clinical 
Biomechanics ,  13 ,  11  –  17 .  

    Rosenfeld ,  M.  ,   Gunnarsson ,  R.   and   Borenstein ,  P.   ( 2000 ) 
 Early intervention in whiplash - associated disorders .  Spine , 
 25 ,  1782  –  1787 .  

    Santana ,  J.C.   ( 2000 )  Functional Training :  Breaking the 
Bonds of Traditionalism .  Optimum Performance Systems , 
 Florida .  

    Sarig - Bahat ,  H.   ( 2003 )  Evidence for exercise therapy 
in mechanical neck disorders .  Manual Therapy ,  8 , 
 10  –  20 .  

    Soderlund ,  A.  ,   Olerud ,  C.   and   Lindberg ,  P.   ( 2000 )  Acute 
whiplash associated disorders: #the effect of early mobili-
sation and prognostic factors in long term symptomatol-
ogy .  Clinical Rehabilitation ,  14 ,  457  –  467 .  

    Steele ,  C.   ( 2007 )  Cervical Spine Strength/Stability/Mobility 
Programme .  I.R.F.U. Landsdowne Road ,  Dublin .  

    Sterling ,  M.   ( 2005 )  Managing Cervical Spine Disorders : 
 Research Advances and Clinical Application . Course notes 
July 14th 2005.  Whiplash and Neck pain Research Unit, 
University of Queensland ,  Brisbane .  

    Takala ,  E.P.  ,   Viikari Juntura ,  E.   and   Tynkkynen ,  E.M.   ( 1994 ). 
 Does group gymnastics at the workplace help in neck pain . 
 Scandinavian Journal of Rehabilitative Medicine ,  26 , 
 17  –  20 .  

    Treleaven ,  J.   ( 2008 )  Sensorimotor disturbances in neck dis-
orders affecting postural stability, head and eye movement 
control .  Manual Therapy ,  13 ,  2  –  11 .  

    Vernon ,  H.   and   Humphries ,  B.K.   ( 2007 )  Manual therapy 
for neck pain: an overview of randomised clinical trials 
and systemic reviews .  Europa Medicophysica ,  43 , 
 91  –  118 .  

    Viljanen ,  M.  ,   Malmivaara ,  A.  ,   Uitti ,  J.  ,   Rinne ,  M.  ,   Palmroos , 
 P.   and   Laippala ,  P.   ( 2003 )  Effectiveness of dynamic muscle 
training, relaxation training, or ordinary activity for 
chronic neck pain: randomised controlled trial .  British 
Medical Journal ,  327 ,  30 .  

    Webb ,  R.  ,   Brammah ,  T.  ,   Lunt ,  M.  ,   Unwin ,  M.  ,   Allison ,  T.   
and   Symmons ,  D.   ( 2003 )  Prevalence and predictors of 
intense, chronic and disabling neck and back pain in the 
U.K. general population .  Spine ,  28 ,  1195  –  1202 .  

    Wolsko ,  P.M.  ,   Eisenberg ,  D.M.  ,   Davis ,  R.B.  ,   Kessler ,  R.   and 
  Phillips ,  R.S.   ( 2003 )  Patterns and perceptions of care for 



52 Exercise Therapy in the Management of Musculoskeletal Disorders

treatment of back and neck pain: results of a national 
survey .  Spine ,  28 ,  292  –  298 .  

    Ylinen ,  J.  ,   Takala ,  E.  ,   Nykanen ,  M.  ,   Hakkinen ,  A.  ,   Malkia , 
 E.  ,   Pohjolainen ,  T.  ,   Karppi ,  S.L.  ,   Kautiainen ,  H.   and 
  Airaksinen ,  O.   ( 2003 )  Active neck training in the treatment 
of chronic neck pain in women .  Journal of the American 
Medical Association ,  289 ,  2509  –  2516 .  

    Ylinen ,  J.  ,   Hakkinen ,  A.  ,   Nykanen ,  M.  ,   Kautianen ,  H.   and 
  Takala ,  E.P.   ( 2007 )  Neck muscle training in the treatment 
of chronic neck pain: a three year follow up study .  Europa 
Medicophysica ,  43 ,  161  –  169 .   

   

  



  5 The Thoracic Spine and Rib Cage  

  Fiona     Wilson       

         SECTION 1: INTRODUCTION 
AND BACKGROUND 

 There is paucity of evidence supporting the use of 
exercise therapy in the management of conditions 
of the thoracic spine and rib cage. This could refl ect 
the less frequent presentation to the clinician of 
injuries in this specifi c area. However, there has 
been increasing interest in the thoracic spine by 
clinicians because of several reasons: the recogni-
tion of the thoracic spine as an important source of 
pain; the role of thoracic curvature in determining 
overall spinal posture; the infl uence of thoracic 
mobility on movement patterns in other regions of 
the spine (Edmondston and Singer,  1997 ). The 
thorax is inherently more stable when compared 
with areas such as the lumbar spine. Much of the 
research has focused on specifi c conditions, notably 
ankylosing spondylitis (AS), scoliosis and oste-
oporosis. Other conditions such Scheuermann ’ s 
disease, rotational instability and acute locked tho-
racic spine present frequently to the clinician but 
there is little evidence in the literature to support a 
particular treatment regimen. However, regional 
areas of the spine  –  that is, the cervical, thoracic 
and lumbar spines  –  should not be considered in 

isolation and dysfunction in any of these areas will 
ultimately affect adjacent structures. When consid-
ering the thoracic spine, exercises that are also 
applied to the lumbar spine must be considered. 
The reader will note that much of the lumbar spine 
exercise approach refers to trunk stability and thus 
by anatomical defi nition will have infl uence on the 
thoracic spine as many muscle groups will be shared 
by each region. 

  Evidence for the  u se of  e xercise in the 
 m anagement of  d isorders of the 
 t horacic  s pine and  r ib  c age 

 Research regarding the role of exercise in cervical 
and lumbar spine conditions frequently considers 
patients stratifi ed into groups which are non - specifi c 
in diagnosis. However, in the case of exercise and 
the thoracic spine, it is common to consider the 
issue in terms of specifi c conditions, and these are 
reviewed below. 

 AS is a well - defi ned condition and the use of 
exercise in patients with AS has been consistently 
documented. It must, of course, be noted that the 
presentation of AS is not confi ned to the thoracic 
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group in all but one of the clinical measures. The 
authors concluded that exercise was benefi cial in 
the treatment of AS and that a programme specifi -
cally geared towards postural re - education may 
have further benefi ts. 

 Ince  et al.   (2006)  investigated the effects of a 12 -
 week exercise programme in patients with AS. 
Thirty patients were included in the randomised 
controlled trial and were assigned to either an exer-
cise programme or the control group. The exercise 
programme consisted of 50 minutes of multi - modal 
exercise (aerobic, stretching and pulmonary exer-
cises), three times a week for 3 months. 
Measurements were taken of spinal mobility and 
chest expansion. The spinal movements of the exer-
cise group improved signifi cantly but those of the 
control group showed no signifi cant change. 
Physical work capacity and vital capacity values 
improved in the exercise group but decreased in the 
control group. The conclusion was that a multi -
 modal exercise programme is benefi cial in the man-
agement of AS. 

 Exercise protocols are frequently employed in the 
conservative management of idiopathic scoliosis on 
two accounts: improvement of respiratory and 
musculoskeletal function. Ferraro  et al.  ( 1998 ; cited 
in Hawes,  2003 ) reported stabilisation of the spinal 
curvature and rib hump among 34 children with 
mild scoliosis over a 2 - year period of treatment, 
which included daily taught exercises. Solberg 
 (1996)  demonstrated improved appearance and 
reduced spinal curvature in 10 children with mild 
scoliosis following a 5 - month daily exercise pro-
gramme. Weiss  et al.   (2003)  examined the effect of 
exercise on the progression of idiopathic scoliosis 
in children. The cohort consisted of one group of 
untreated children and another group that received 
scoliosis inpatient rehabilitation, which was deliv-
ered as an individual exercise programme. The 
results showed that the scoliosis inpatient rehabili-
tation group demonstrated reduced progression of 
the condition in comparison with the non - exercise 
group. 

 Santos Alves  et al.   (2006)  analysed the impact of 
a physical rehabilitation programme on respiratory 
function on a group of 34 patients with idiopathic 
scoliosis. Patients completed three weekly sessions 
of 60 minutes of exercise, which included stretching 
and aerobic exercises. Improvements were found in 
pulmonary capacities and volumes, and perform-
ance on a 6 - minute walking test. Although this was 

spine but that symptoms in this area are often the 
most notable feature of the disease, particularly in 
mid to early presentation. Dagfi nrud  et al.   (2004)  
performed a Cochrane systematic review of physi-
otherapy interventions for AS. They compared six 
trials with a total of 561 participants. Two trials 
compared home exercises with no therapy and con-
cluded that home exercises improved movement in 
the spine and fi tness more than no therapy at all. 
The home exercises were carried out for 4 – 6 months 
and were tailored to each individual by a therapist. 
These programmes did not appear to have any ben-
efi cial effect on pain levels. Three other studies 
compared home exercises to supervised group exer-
cise outside the home. The group exercises were 
found to improve movement in the spine and 
overall wellbeing, but did not improve fi tness 
anymore than the home exercise programmes. The 
group therapy was carried out for a period of 3 
weeks to 9 months and included physical training, 
aerobic exercise, hydrotherapy, sports activities and 
stretching. The fi nal study compared two groups 
that both did weekly group exercises for 10 months; 
however, one group went to a spa resort for 3 weeks 
of physiotherapy. It was found that spa therapy plus 
group exercise improved pain, fi tness and overall 
wellbeing more than weekly group exercises. The 
conclusion was that home exercises are better than 
no exercises and improved both movement in the 
spine and fi tness; group exercises are better than 
home exercises and improve pain, stiffness, move-
ment of the spine and overall wellbeing. It should 
be noted that the specifi c exercises were not 
described, although a general summary stated that 
exercises are helpful to people with AS. 

 Fern à ndez De Las Pe ñ as  et al.   (2005)  evaluated 
the impact of a 4 - month protocol of fl exibility and 
strengthening exercises versus conventional exer-
cises for AS. The conventional intervention con-
sisted of 20 exercises: motion and fl exibility 
exercises of the cervical, thoracic and lumbar spine; 
stretching of the shortened muscles and chest 
expansion exercises. The experimental protocol 
was based on the global posture re - education 
method (GPR), which employs specifi c stretching 
and strengthening exercises to improve posture. 
The results were monitored by changes in activity, 
mobility and functional capacity. Both groups 
showed an improvement in all measures. The inter-
group comparison showed that the GPR group 
obtained a greater improvement than the control 



The Thoracic Spine and Rib Cage 55

regular intervals. The fi nal outcome was that 70% 
of patients were independent at the end of the pro-
gramme and the authors concluded that this was 
the result of application of an appropriate rehabili-
tation strategy. 

  Aerobic  e xercise 

 The general principles of the effect of aerobic exer-
cise on the musculoskeletal system should be 
applied to all conditions affecting the thoracic 
spine. This is particularly important when it is 
noted that many conditions such as AS, which 
present with specifi c thoracic symptoms, are sys-
temic in nature. There is little research suggesting 
that specifi c aerobic conditioning has an effect on 
thoracic spine conditions. There is some positive 
research in this area in relation to the lumbar spine 
and it would be logical to apply the same principles 
to the thoracic spine, although this is an area where 
further study is required. 

 The biomechanics of the thorax and the mecha-
nism of respiration should be considered. The 
thorax is made up from a number of different types 
of joint, which affects the various degrees of 
freedom. However, in shallow respiration, move-
ments will always occur in these joints and it is 
logical to conclude that the increase in respiration 
rate associated with increased activity would cause 
increased movements in the joints with associated 
benefi ts.  

  Muscle  s trength and  e ndurance 

 The role of muscle endurance in postural control 
and activity of the trunk is discussed in depth in 
Chapter  6 . Spinal stability and position sense theo-
ries may be applied to the thoracic spine as they are 
to the lumbar spine, although the thorax is more 
stable due to the presence of the rib cage, and the 
morphology and orientation of the facet joints. 
Postural changes in the thorax are frequently seen 
as an increased kyphosis and while some of these 
changes may be due to structural changes in the 
vertebrae and associated joints (as in osteoporosis 
and AS) some are due to poor endurance, particu-
larly in the paraspinal muscles. None of the studies 
reviewed above examined the particular role of 
strengthening exercise in the rehabilitation of tho-
racic spine disorders. However, a number of the 

not a specifi c musculoskeletal programme it dem-
onstrates the importance and benefi ts of an aerobic 
programme to patients with this condition. 

 Osteoporosis is a condition that affects all the 
bones of the body in all population groups. While 
it is not the purpose of this chapter to discuss oste-
oporosis, specifi c postural changes in the thoracic 
spine are well documented. Exercise has been 
shown to generally have a positive impact. Sinaki 
 et al.   (2005)  examined the infl uence of kyphotic 
posture associated with osteoporosis and the inci-
dence of falls. Twelve women with osteoporosis -
 related kyphosis were assessed for balance and 
various strength measurements. This group was 
compared with 13 non - osteoporotic controls. The 
study demonstrated that the osteoporotic women 
had weaker back extensor and lower extremity 
strength, poorer balance and slower gait in com-
parison with the control group. This infl uenced 
their propensity to fall. The authors argued that 
treatment options should include exercises that 
address these defi cits. Gold  et al.   (2004)  enhanced 
the argument that exercises were benefi cial in 
the management of osteoporosis based on the fi nd-
ings of their randomised controlled trial of 185 
post - menopausal women. All women in this study 
had sustained at least one osteoporotic vertebral 
fracture. The exercises included progressive 
strengthening and stretching exercises. The conclu-
sions of the study were that weak trunk extension 
strength and psychological symptoms associated 
with vertebral fractures can be improved in older 
women using group treatment. Katzman  et al.  
 (2007)  demonstrated in a group of older women 
that kyphosis could be modifi ed with the help of a 
multidimensional group exercise programme. A 
cohort of women with thoracic curvature of 50 °  or 
more underwent a supervised exercise programme 
twice a week for 12 weeks. Following the pro-
gramme, signifi cant improvements were seen such 
as reduced thoracic kyphosis, improved strength, 
improved range of motion (ROM) and physical 
performance. 

 Conditions that are seen less often in a physio-
therapy department, such as spinal tuberculosis, 
have also been shown to benefi t from physiother-
apy and a rehabilitation programme. Nas  et al.  
 (2004)  included 47 patients in a rehabilitation pro-
gramme both pre -  and early post - operatively. 
Aerobic and strengthening exercises were employed 
and progressed, with assessment of the patients at 
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or in diseases such as osteoporosis where there are 
morphological changes in the vertebrae. 
Maintenance of thoracic extension with ROM 
exercises is vital to allow a neutral postural position 
to be achieved. Thoracic fl exion is rarely limited 
although axial rotation is frequently noted to be 
limited, particularly in the presence of thoracic 
facet joint disease. Good thoracic and thus trunk 
rotation is essential for normal functioning, par-
ticularly in activities such as gait. Normal kinemat-
ics of the shoulder, cervical and lumbar joints are 
particularly dependent on normal thoracic biome-
chanics and posture (Kebaetse  et al. ,  1999 ) and 
limitation of thoracic movements have been noted 
as a precursor to disorders in these areas.  

  Balance and  p roprioception 

 The role of balance and proprioception in function 
in the thoracic spine is very poorly represented in 
literature. This is not surprising given the structural 
stability afforded to this region. No published 
studies have provided clear links between abnormal 
pathology in this area and proprioceptive defi cits as 
in the cervical and lumbar spines. However, some 
studies have noted co - ordination patterns of the 
trunk which are essential for normal gait, and 
changes in these patterns have been associated with 
neurological disease such a stroke and Parkinson ’ s 
disease (Kubo  et al. ,  2006 ). In the absence of spe-
cifi c evidence it may be hypothesised that defi cits 
similar to those noted in other spinal areas would 
be observed, albeit in an attenuated fashion due to 
the structural stability of this area. Further research 
is required in this area.   

  Disorders of the  t horacic  s pine 

 The most common disorders of the thoracic spine 
are: intervertebral joint sprain, facet joint disease 
or dysfunction, paraspinal muscle strain, costover-
tebral joint sprain, Scheuermann ’ s disease, and 
osteoporosis. Less common are rib fractures, tho-
racic disc disorders, T4 syndrome and AS. However, 
cardiac, respiratory and metastatic causes of pain 
must also be considered (Singer,  2006 ). 

studies reviewed in the chapters examining the 
lumbar and cervical spine referred to the  ‘ cervico -
 thoracic ’  spine or the  ‘ thoraco - lumbar ’  spine and 
these should be revisited by the student.  

  Range of  m otion and  fl  exibility 

 To understand the factors that limit ROM in the 
thoracic spine, simple biomechanics of the region 
need to be considered. Much of the testing of the 
thoracic spine has taken place on a cadaveric spine 
with the rib cage removed. However, to understand 
the contribution of the rib cage to spinal stability, 
there is a requirement for the unit, i.e. the spine plus 
intact rib cage, to be tested under conditions of 
loading. Watkins  et al.   (2005)  demonstrated that 
the presence of the rib cage signifi cantly limits 
motion in the thoracic spine and thus enhances 
stability. Testing the complete thoracic unit under 
conditions of loading showed that the presence of 
the rib cage increased the stability of the thoracic 
spine by 40% in fl exion/extension, 35% in lateral 
bending and 31% in axial rotation. The most 
notable movement in the thoracic spine is axial 
rotation, which is a refl ection of the coronal orien-
tation of the facet joints particularly in the upper 
and middle regions. Flexion is limited by the rib 
cage and a prime limitation to thoracic extension is 
the shape of the spinous processes. Many individu-
als will demonstrate a very limited extension from 
the neutral position. Edmondston  et al.   (2007)  
showed that postural position has an infl uence on 
the range of motion in the thoracic spine. Testing 
of axial rotation in different sitting postures 
(neutral, end - range fl exion and end - range exten-
sion) demonstrated a signifi cant decrease in the 
range of thoracic rotation in fl exion compared with 
the neutral and extended postures. 

 Thus, the thoracic spine is an area where ROM 
is limited by its structure but decreases in ROM by 
disorders or pain will still have a signifi cant effect 
on function. Further, decreased thoracic movement, 
particularly at the cervico - thoracic junction and the 
thoraco - lumbar junction will cause increase motion 
demands on the cervical and lumbar spines, respec-
tively, and may lead to a hypermobile segment or 
pathological changes. As noted above, thoracic 
extension is noted as a small movement from the 
neutral position and is frequently limited in patients 
with poor posture, poor lumbar or cervical stability 



The Thoracic Spine and Rib Cage 57

  Ankylosing  s pondylitis 

 Boulware  et al.   (2003)  defi ne AS as  ‘ an infl amma-
tory disease of unknown aetiology, characterized by 
prominent infl ammation of spinal joints and adja-
cent structures, leading to progressive and ascend-
ing bony fusion of the spine ’ . Males are affected 
more than females (3   :   1) and the age of onset is 
typically from adolescence to 35 years. The disease 
is part of the group of disorders called seronegative 
spondyloarthropathies, which are characterised by 
the following: rheumatoid factor negativity; sacro-
iliitis; axial involvement; peripheral arthritis; 
enthesopathy; eye involvement; familial clustering 
and frequent presence of human leucocyte antigen 
(HLA) B27 (Boulware  et al. ,  2003 ). The patient 
often presents with chronic low back pain and stiff-
ness although its inclusion in this chapter is a refl ec-
tion of its common early presentation of pain and 
stiffness in the thoracic spine. Thoracic mobility is 
greatly decreased as a result of the disease with 
reduced respiratory expansion observed as the 
disease progresses. Normal curvature of the spine 
increases and the patient will present with a fl exed, 
stiff and kyphotic thoracic spine. X - rays demon-
strate changes which are specifi c to the disease with 
the vertebrae presenting with typical changes to a 
 ‘ bamboo ’  appearance. The cervical spine is fre-
quently affected at a later stage in the disease. The 
disease also may present with cardiac, respiratory, 
renal, neurological or gastrointestinal symptoms. 
Management of the condition is aimed at treating 
pain and infl ammation and maintaining mobility, 
particularly of the thorax, which is essential for 
normal respiratory function. Exercise should 
include ROM modalities and strengthening for the 
thoracic spine with particular efforts towards main-
taining thoracic extension and a neutral postural 
position of the spine. Other exercise approaches 
have been discussed earlier in this chapter.    

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

 Much of the exercise approach for the management 
of the thoracic spine is very similar to that for the 
lumbar spine (Chapter  6 ) and thus will be referred 
to rather than repeated. The shoulder complex is 

  Scheuermann ’ s  d isease 

 Scheuermann ’ s disease is an osteochondrosis of the 
spine that mainly occurs in adolescents, usually 
males in their last 2 – 3 years of growth. It is a dis-
turbance in the normal growth of the vertebral 
epiphyseal ring. If the compressive forces in the 
spine are suffi cient it may cause a wedge deformity 
in the vertebral body causing a kyphosis of the 
thoracic spine and an associated increase in lumbar 
lordosis. 

 Small disc herniations in the vertebral end plate, 
called Schmorl ’ s nodes, are sometimes identifi ed on 
X - rays. The condition often remains asymptomatic 
but can become painful after activity. Treatment 
usually consists of moderation of activities to mini-
mise repetitive fl exion and extension movements of 
the spine but with an active exercise programme. 
These exercises should include stretching the 
thoraco - lumbar fascia and hamstrings along with 
strengthening of the trunk muscles. Postural correc-
tion also plays a vital role in minimising the 
thoracic kyphosis. Aerobic exercises should be 
carried out to maintain general body fi tness. In 
severe cases, if there is signifi cant wedging of more 
than 5 °  at more than one level, a brace to restore 
the normal curvature of the spine may be 
considered.  

  Scoliosis 

 Scoliosis is a lateral deformity of the spine which is 
always accompanied by rotation particularly in the 
thoracic spine; therefore the term scoliosis is not a 
diagnosis but a descriptive term. In the majority of 
cases, a specifi c cause is not found and such cases 
are termed idiopathic, or of unknown cause. They 
are most commonly seen in adolescent girls. 

 Scoliosis can affect children from birth through 
to adolescence. Adolescent scoliosis is the most 
common type of idiopathic scoliosis. It usually 
starts around the time of puberty, in girls more 
often than boys, and may ultimately require surgery 
if it cannot be controlled using braces. Infantile 
scoliosis may resolve as the child grows but needs 
to be kept under observation. Pulmonary and 
cardiac function may be compromised if the 
curvature is severe, which would urgently need 
surgery.  
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  Assessment of  a erobic  c apacity 

 Fitness testing should be included in the assessment 
as aerobic exercise will be an important part of the 
programme. Wittink  et al.   (2000)  established the 
Bruce treadmill test as the most valid for measuring 
aerobic fi tness in patients with chronic low back 
pain, and it would be logical to use such an approach 
in testing patients with thoracic spine disorders. 
However, good practice also demands assessment 
of respiratory function to gain a clearer knowledge 
of function of the thorax.  

  Assessment of  e ndurance 

 The endurance of the trunk musculature may be 
assessed using the tests described in Section 2 of 
Chapter  6 .  

  Assessment of  fl  exibility 

 The clinician needs to have a clear understanding 
of the kinematics of the thorax and associated 
normal movement to be able to identify limitations. 
It may be necessary to fi x the lumbar spine into 
fl exion (Fig.  5.2 ) to clearly assess the extent of 
thoracic extension.   

also related in function to the thoracic spine and 
kinematics of this area should always be considered 
with the thoracic spine. It should also be noted that 
no area of the spine should be treated in isolation 
as its structure, by nature, demands that it is treated 
and considered as a continuum, albeit with local-
ized variations. 

  Assessment of the  p atient 

  Posture 

 A number of conditions of the thoracic spine are 
characterized by postural changes in the thoracic 
spine. These include AS and osteoporosis. Postural 
changes, particularly those that are a result of 
altered morphology, will have the result of altering 
biomechanics in related areas such as the lumbar 
and cervical spines and the shoulder and hip com-
plexes. A posture grid (Fig.  5.1 ) may be used to 
assess posture in side standing and anterior or pos-
terior views which will give indications of kyphotic 
or scoliotic changes, respectively. Such a tool is a 
particularly useful as a simple outcome measure 
where disease progression and further changes may 
be anticipated.    

     Figure 5.1     Posture being assessed and measured with a 
posture grid.  

     Figure 5.2     The patient ’ s lumbar spine is fi xed into fl exion 
by fl exing the hips and knees as the patient ’ s range of thoracic 
extension is assessed.  
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     Figure 5.3     Side fl exion in standing. Note the large degree 
of movement in the cervical and lumbar spines.  

 Assessment of movement should be confi ned, as 
far as possible, to the thoracic spine so as to achieve 
a clear picture of motion patterns. In standing, a 
great deal of side fl exion takes place at the lumbar 
spine and cervical spine (Fig.  5.3 ). In sitting, the 
lumbar spine is less mobile and the patient is asked 
to keep the cervical spine in a neutral position 
(Fig.  5.4 ).   

 As the thorax is a stable unit, movements should 
be assessed simply with the addition of overpres-
sure by the clinician (Fig.  5.5 ). Muscles should be 
assessed for length, particularly groups such as the 
pectorals and latissimus dorsi, which will contrib-
ute to postural changes in the thorax.     

  The  e xercise  p rogramme 

  Early  p hase 

 The fi rst stage of the programme should be to estab-
lish correct posture and enhance postural control. 
As has been discussed earlier, many patients with 
thoracic spine pathology will present with hypomo-
bility, which particularly limits extension. It may be 
necessary to stretch tight muscle groups and intro-
duce mobility exercises to increase thoracic exten-

     Figure 5.4     Side fl exion in sitting with the cervical spine held 
in a neutral position allows the thoracic spine to be 
localised.  

     Figure 5.5     Assessment of thoracic rotation with overpres-
sure from the clinician.  

sion before the neutral posture may be achieved. 
Figure  5.6  shows how a patient can use a gym ball 
to perform a passive stretch to encourage thoracic 
extension.   

 Abdominal bracing should be taught early 
(see Chapter  6 ), although it must be ensured that 
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will address hypomobility. The gymnastic ball (Fig. 
 5.8 ) or medical exercise therapy (MET) equipment 
(Fig.  5.9 ) will help facilitate dynamic ROM exer-
cises to improve thoracic extension, side fl exion and 
rotation.   

 Aerobic exercise should be an essential part of 
this stage with activities such as walking (Nordic 
or normal) or swimming suitable in this phase 
(Fig.  5.10 ). Strengthening activities should not 
include specifi c loading in the early phase of the 
programme and exercises which are aimed at spinal 
position maintenance will suffi ce. Proprioceptive 
work will be informal and again will be an essential 
part of the spinal position sense work outlined 
above.    

  Intermediate  p hase 

 Postural activities and exercises (Fig.  5.11 ) may 
continue in this stage with an emphasis on loading 
with limb movement while maintaining good tho-
racic posture. Stretching and ROM exercises will 
continue to further enhance joint mobility and good 
spinal positioning and posture. Loading may be 
introduced with the use of the many exercises 
described in the lumbar spine programme. MET 
programmes, notably pulley - based exercises, are 
particularly useful in the management of the tho-
racic spine (Fig.  5.12 ).   

thoracic spine position is not compromised. 
Early motor control exercises may be taught to 
encourage maintenance of the neutral lumbar posi-
tion while introducing thoracic spine extension 
(Fig.  5.7 ).   

 Maintenance of a neutral spine position may also 
be practised with the addition of arm movement. 
Tightness of muscle groups around the shoulder 
girdle may be a limiting factor and should be 
addressed if necessary. Other than stretches that 
have been suggested so far, simple ROM exercises 

     Figure 5.6     Thoracic extension using a gym ball.  

     Figure 5.7     In four - point kneeling, the patient fi nds the neutral pelvis position ( a ) and is then asked to rock back while keeping 
the thoracic spine in slight extension and the lumbar spine in neutral ( b ).  

(a) (b)
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  Late  p hase 

 The aim of this stage should be to prepare the 
patient for discharge. The principles described in 
Chapter  6  should be considered and applied to the 
thoracic spine. Thus, increased loading and free 
weights should be added, unstable surfaces intro-
duced, and ROM and aerobic training continued. 

 Particular emphasis should be placed on develop-
ing endurance of the thoracic extensors and the 
middle and lower trapezius muscles when there are 
signs of a developing thoracic kyphosis. The exer-
cise demonstrated in Figure  5.13  is particularly 
useful for this. Aerobic exercise should continue in 
this phase with the aim to reach guideline levels of 
1 hour.    

     Figure 5.8     Use of the gym ball to encourage ( a ) thoracic side fl exion and ( b ) thoracic extension.  

(a) (b)

     Figure 5.9     Use of MET equipment to improve ( a ) thoracic extension and ( b ) thoracic side fl exion.  

(a) (b)
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     Figure 5.10     Nordic walking is a par-
ticularly suitable aerobic activity in 
rehabilitation of the thoracic spine as 
movement of this area is facilitated by 
the poles.  

     Figure 5.11     Postural activity for the thoracic spine. The 
patient stands against the wall with the spine in a neutral 
position. The hands slide up the wall and the spine position 
is maintained.  

     Figure 5.12     MET equipment is used to load thoracic 
rotation.  
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Functional activities which introduce high and low 
levels of loading should be incorporated into the 
regimen to ensure that the patient will be able 
to manage independently without the risk of re -
 injury, once they have been discharged. The student 
should read Chapter  6  for more details about this 
stage. 

 Discharge should involve development of a basic 
and abridged version of the programme followed 
to this point, which the patient may continue. 
Chronic diseases such as AS and osteoporosis 
demand that regular reviews of the exercise regimen 
are carried out, with alterations made in response 
to requirements.    

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS             

     Figure 5.13     The patient lies prone and extends the thorax, 
placing emphasis on activating the middle and lower trape-
zius muscle fi bres.  

     A 17 - year - old elite footballer complained of pain 
and discomfort in the thoracic region of the spine. 
There was an insidious onset with a gradual 
increase in discomfort over a number of months. 
There were no neurological complications but 
movement was restricted by discomfort and pain 
at the end of range movement. On examination 
the discomfort was described as dull rather than 
sharp and thoracic movements were limited ,  par-
ticularly extension. Postural assessment noted an 
increased thoracic kyphosis. Palpation was tender 
on both spinous and transverse processes around 
T – T10. Radiological investigation demonstrated 
that the player had Scheuermann ’ s disease with 
associated Schmorl ’ s nodes.   

  Management 

 Scheuermann ’ s disease is a common cause of pain 
in preteens or adolescents and the main aim of 
management of this athlete should be to manage 
the pain and prevent progression of the postural 
deformity that is noted in the disease, i.e. increased 

thoracic kyphosis. As the patient is an elite foot-
baller, attenuation of activity should be encour-
aged, with pain being the main guide to 
participation levels. Complete cessation of activity 
should not be advised except in severe cases until 
the pain has settled, at which time, a graduated 
return is advised. As this patient is already likely 
to be fi t, aerobic activity should be encouraged 
from the onset of the programme. Postural cor-
rection should be addressed initially and spinal 
ROM exercises that particularly encourage 
thoracic extension should be included from the 
start. 

 Tight muscle groups, particularly the ham-
strings and latissimus dorsi should be stretched, 
along with any others that may be compromising 
normal thoracic posture. Strengthening may be 
started as soon as the footballer can achieve a 
more neutral thoracic posture, with thoracic 
extension being the primary focus. The footballer 
may continue to train, provided his symptoms are 
well controlled, and his technique should be 
reviewed, with a particular emphasis on address-
ing postural control during activity. As good 

 Case study 1 
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postural control is achieved and more mobility in 
thoracic extension is noted, the goal of the pro-
gramme is to maintain gains following discharge. 
Specifi c exercises should be built into the athlete ’ s 
training programme with the assistance of his 
coach and these will need to be adhered to on a 
long - term basis. Such exercises should comprise 
general thoracic ROM exercises, which encourage 

extension, postural control, particularly of the 
thoracic extensors, and proprioceptive training in 
the form of postural control under conditions of 
moderate loading such as match play. Discharge 
should take place once the ongoing programme 
has been established with regular follow - up as 
hypomobility in the thoracic spine into adulthood 
is a common manifestation of the disease.  

Case study 1—cont’d

     A 30 - year - old male teacher presents with insidi-
ous onset of low back pain which radiates bilater-
ally to the sacroiliac joints. The pain ,  which has 
a 1 - year history is now radiating to the thoracic 
spine and chest wall. Pain and stiffness are worse 
in the morning, and relieved by exercise but not 
by rest. Physical examination shows a fl attening 
of the lumbar lordosis ,  increased thoracic kypho-
sis and generalised hypomobility in all spinal 
movements as well as restricted chest expansion. 
Radiographic and blood investigations confi rm a 
diagnosis of AS.   

  Management 

 The primary aims of management in this patient 
are to control pain and to relieve stiffness and thus 
maintain spinal mobility. Pharmacological input 
is important at an early stage, as pain that is well 
controlled will allow optimal benefi t to be achieved 
from an exercise programme. The aim of the exer-
cise programme should be to develop a protocol 
which will be maintained throughout life and will 
become part of the patient ’ s everyday routine. 
ROM exercises should be started early with an 
aim to increase general joint function and motion, 
and also to achieve better posture and spine posi-
tion. Exercises to improve thoracic extension are 
particularly important and the use of a gymnastic 
ball (see Section 2) is particularly suitable. All 
thoracic and lumbar movements should be trained 
with simple ROM exercises although limited 
attention should be paid to fl exion patterns. It is 
important to pay attention to respiratory func-

tion, and chest expansion exercises as well as 
appropriate monitoring should be an integral and 
ongoing part of the programme. 

 Once an improvement in posture is noted, sta-
bility work to increase postural muscle endurance 
should commence with particular emphasis on 
lumbar control and thoracic extensor endurance; 
a gymnastic ball is again particularly suitable. 
Aerobic exercise should commence at the start of 
the programme with hydrotherapy showing par-
ticular benefi ts for the AS patient. Proprioceptive 
work will take the form of postural control, which 
will be very challenging for such a patient due to 
gross pathological joint activity. Progression of 
the programme should be aimed at increasing 
aerobic activity to 1 hour per day and to introduce 
some loading. Loading should be minimal in the 
form of pulleys or wrist and ankle weights, and 
exercise repetitions should be high to encourage 
endurance benefi ts. Loading should be aimed at 
increasing thoracic extension and rotational 
strength and trunk fl exor patterns should not 
be emphasised. The patient should be carefully 
monitored for symptom aggravation and the 
programme altered accordingly if it is noted. 
ROM exercises should be continued as a 
fundamental lifestyle change which will be neces-
sary for this patient. Discharge requires that the 
patient continues the programme daily to achieve 
optimal attenuation of symptoms, as the disease 
is chronic in nature. Best practice demands regular 
review of the programme . The patient may con-
tinue to work as a teacher with good ergonomic 
practices and inclusion of exercise in his daily 
routine.  

 Case study 2 
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     A 12 - year - old girl has been referred by an ortho-
paedic paediatrician for an idiopathic ,  structural 
scoliosis a result of congenital structural abnor-
malities. The patient has been screened and 
cleared of the presence of cardiac ,  respiratory and 
neuromuscular disease.   

  Management 

 Assessment of the patient and radiological inves-
tigations will establish the pattern of this patient ’ s 
scoliosis and Cobb ’ s angle, which gives an indica-
tion of the severity. Some time should be taken 
examining available joint ROM, endurance of 
trunk muscles and levels of activity. The emphasis 
of an exercise programme will be to improve func-

tion within the constraints of deformity. The evi-
dence reviewed earlier in the chapter suggests that 
a structured exercise programme will help reduce 
progression of the spinal curvature and improving 
pulmonary function. The design of the programme 
will be more complex than a traditional spinal 
rehabilitation programme. Symmetrical exercises, 
both in strengthening and stretching, should not 
be avoided and exercise should be aimed at bal-
ancing deformity. All movements should be con-
sidered separately and emphasis should be on 
acquiring more equilibrium. In this patient, tho-
racic side fl exion should emphasise one side more 
than the other to limit spinal concavity. The same 
principle should be considered with rotation, and 
extension should encourage the addition of side 
fl exion away from the concavity of the curve.  

 Case study 3 
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  6 The Lumbar Spine  

  Fiona     Wilson       

         SECTION 1: INTRODUCTION 
AND BACKGROUND 

 As many as 80% of all adults experience back pain 
at some time in their lives. Work disability caused 
by back pain has risen steadily despite the fact that 
Western economies are increasingly post - industrial 
with less heavy labour and more automation (Deyo, 
 1998 ). It would therefore appear that there is a 
positive correlation between decreasing levels of 
physical activity and low back pain. The purpose 
of this chapter is to review the evidence for exercise 
in both management and prevention of onset of low 
back pain. 

  Evidence for the  u se of  e xercise in the 
 m anagement of  l ow  b ack  p ain 

 The frequency of incidence of low back pain in the 
general population is refl ected in the volume of 
evidence in the area. In many of the studies, 
however, subjects are grouped into a sample of 
either acute or chronic, non - specifi c low back pain. 
It is well recognised that the symptoms of low back 
pain are multi - pathological and that to stratify 

patients into these subgroups is a gross simplifi ca-
tion. Many of the studies though are otherwise of 
sound methodology and provide a strong starting 
point. 

 European guidelines on low back pain include 
analyses of systematic reviews and existing clinical 
guidelines. Van Tulder  et al.   (2006)  produced a set 
of guidelines for primary care management of  acute  
non - specifi c low back pain following a comprehen-
sive analysis of studies and trials that fulfi lled an 
acceptable standard of methodological criteria. 
Among other recommendations, it was advised that 
patients with an acute episode of low back pain 
should avoid bed rest as treatment, stay active and 
continue normal daily activities if possible. It should 
be noted that the evidence for inclusion of specifi c 
exercises such as strengthening and stretching was 
not conclusive for acute pain episodes. As patients 
would be presenting with different pathologies 
under an umbrella diagnosis of non - specifi c low 
back pain, generic exercises may be inappropriate 
for many conditions. Trials that stratify patients by 
specifi c pain presentation patterns may present 
more meaningful data. It may be concluded that 
avoiding aggravating activity but continuing to 
exercise is an important management approach. 
Other European guidelines compiled by Airaksinen 
 et al.   (2006)  examined current evidence for 
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most effective outcome was produced by manipula-
tion followed by exercise and there was no signifi -
cant difference between manipulation performed in 
a private and NHS setting. The authors did not 
identify what the  ‘ back to fi tness ’  programme spe-
cifi cally involved although it appears that positive 
benefi ts may be achieved even when a generic pro-
gramme is delivered in a class situation. 

 A review of randomised controlled trials by 
Hayden  et al.   (2006)  examined trials of suitable 
methodological standard which assessed the role of 
exercise in treatment of acute, subacute and chronic 
low back pain. The authors concluded that exercise 
is effective in improving function and reducing pain 
in patients with chronic low back pain. However, 
limited response was noted in the cases of acute and 
subacute pain. The authors also concluded that the 
most effective strategies are individually designed, 
supervised and performed regularly and also include 
conservative therapy. 

 Pain on movement is a primary reason for limited 
function in the low back pain population. This is 
frequently associated with lowered levels of activity 
and fear avoidance behaviour. Rainville  et al.   (2004)  
examined the infl uence of intense exercise - based 
physiotherapy on pain anticipated before and 
induced by physical activities. Subjects were 
recruited from physiotherapy programmes that 
used intense group - based exercise programmes as 
therapy. Anticipated and induced pain was meas-
ured by a visual analogue scale during six tests of 
back fl exibility and strength and the Oswestry Low 
Back Pain Disability Questionnaire scores were also 
used as outcome measures. Subjects participated in 
the exercise programme three times per week (2 
hours per session) for 6 weeks. The authors found 
that both anticipated and induced pain with physi-
cal activities reduced after the exercise programme. 
There were also associated improvements with 
global pain and disability. 

 Gaskell  et al.   (2007)  examined the effects of a 
rehabilitation programme for patients with chronic 
low back pain. A cohort of chronic patients with 
low back pain (n    =    877) completed a programme 
consisting of nine 2 - hour group sessions of therapy, 
run over 5 weeks. The programme included an hour 
of exercise and an hour of education and advice. 
The programme proved to be effective in reducing 
pain, disability, anxiety and depression levels for 
people with chronic low back pain. Changes in 
outcome measures were all statistically signifi cant. 

management of  chronic  non - specifi c low back pain. 
Among other recommendations, supervised exer-
cise therapy was advised within the treatment pro-
gramme. Treatments commonly adopted by many 
clinicians, such as electrotherapy and traction, were 
shown to have a poor evidence base. The authors 
concluded that there is moderate evidence that 
exercise therapy is more effective in the reduction 
of pain and disability than passive treatments. 

 Hayden  et al.   (2005)  undertook a Cochrane 
Collaboration review of studies examining treat-
ment of non - specifi c low back pain. The primary 
objective of the review was to assess the effective-
ness of exercise therapy for reducing pain and dis-
ability in adults with non - specifi c acute, subacute 
and chronic low back pain compared with no treat-
ment and other conservative treatments. Sixty - one 
randomised controlled trials met the inclusion cri-
teria: n    =    11 for acute; n    =    6 for subacute and 
n    =    43 for chronic low back pain. The authors con-
cluded that exercise therapy appears to be slightly 
effective at decreasing pain and improving function 
in adults with chronic (longer than 12 weeks) low 
back pain, particularly in those visiting a health 
care provider. In adults with subacute (6 – 12 weeks) 
low back pain there is some evidence that a graded 
activity programme improves absenteeism out-
comes. For patients with acute (less than 6 weeks) 
low back pain, exercise therapy is as effective as 
either no treatment or other conservative treat-
ments. Thus the authors suggest that exercise 
therapy for low back pain is most effective in the 
chronic phase. However, this must be considered in 
the light of the European guidelines, which encour-
age activity within pain limits in the acute phase 
(Van Tulder  et al. ,  2006 ). No comment was made 
by any of the authors regarding this contradiction 
although it may be surmised that this suggests that 
generalised low level aerobic activity is important 
in the acute phase. 

 The UK BEAM trial  (2004)  aimed to measure, 
for patients consulting their general practitioner 
(GP) with back pain, the effectiveness of adding the 
following to general practice management of low 
back pain: a class - based exercise programme ( ‘ back 
to fi tness ’ ); a package of treatment by a spinal 
manipulator; or manipulation followed by exercise. 
The researchers also aimed to establish whether the 
manipulation package was more or less effective 
within the private setting or the National Health 
Service (NHS). Findings demonstrated that the 
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who had completed treatment for a low back pain 
episode were randomly assigned to either the exer-
cise or control group. The exercise group received 
20 group sessions over 13 weeks. At 5 and 12 
month follow - up examinations, the patients were 
assessed for recurrence of pain, sick leave days and 
functional scores. The authors found that after 12 
months, there was a signifi cant reduction in recur-
rent episodes of low back pain in the exercise group 
compared with the control group. This was a small 
study and there is a great need for further longitu-
dinal research in this area. 

 The studies that have been reviewed above 
focused on the general role of exercise in the man-
agement of acute and chronic low back pain. 
However, the design of any good rehabilitation pro-
gramme must include all the components of fi tness: 
aerobic exercise; muscle strength and endurance; 
range of motion (ROM) or fl exibility exercises; pro-
prioceptive and balance training. Despite this, there 
is a clinically observed reluctance to prescribe exer-
cise for low back pain in this way, and the limited 
research examining the roles of these different 
fi tness components is reviewed below. 

  Aerobic  e xercise 

 When considering rehabilitation of the patient with 
low back pain, the concept of aerobic training 
needs to be considered in two ways: generalised 
aerobic conditioning and localised endurance train-
ing of specifi c muscle groups, particularly those 
associated with control of posture. Generalised 
aerobic training has an effect of many body systems 
in terms of positive health benefi ts. However, its 
role in the rehabilitation of the lumbar spine is 
frequently overlooked by clinicians. 

 Chatzitheodorou  et al.   (2007)  examined the effi -
cacy of an aerobic exercise intervention in a pilot 
study of 25 chronic patient with low back pain. 
Subjects were stratifi ed into two groups, one which 
underwent a 12 - week, high - intensity aerobic exer-
cise programme and a control group, which received 
12 weeks of passive modalities without any 
form of physical activity. Data analysis identifi ed 
reduction in pain, disability and psychological 
strain in subjects in the exercise group and no 
changes in subjects in the control group. This study 
was limited by the subject numbers, but this 
issue merits a larger - scale longitudinal project as the 

 One of the reasons that the topic of low back 
pain receives widespread general interest is that it 
is a major cause of acute and chronic disability and 
work absenteeism. The knock - on effect on the 
economy is great when measured by disability and 
sick payments as well as health service funding. It 
makes sense that treatment for back pain should 
not just be aimed at returning the patient to work 
as soon as possible but also should be economically 
viable on a large scale. Torstensen  et al.   (1998)  
examined the effi ciency and cost of medical exercise 
therapy (MET), conventional physiotherapy and 
self - exercise in chronic low back pain. MET is a 
progressively graded programme that was devel-
oped by Norwegian physiotherapist Oddvar Holten 
in the early 1960s. Each patient is given their own 
specifi c programme which is tailored to their dys-
functions. Repetitions of the exercises are high and 
designed to improved endurance with additional 
aerobic exercise such as walking included as part 
of the programme. The MET programme allows up 
to fi ve patients to be managed at one time in a 
specially adapted gymnasium. In a cohort of 208 
chronic patient with low back pain, who were ran-
domly assigned to one of the groups, those in the 
MET group demonstrated the most benefi t, as 
measured by pain, functional activities, return to 
work and cost - benefi t analysis. Although conven-
tional physiotherapy also demonstrated similar 
benefi ts, patient satisfaction was highest in the 
MET group. This presents a useful solution for 
practitioners in the management of the large groups 
of patients presenting with chronic low back pain. 
While allowing a number of patients to be seen at 
one time, it avoids the generic - type delivery that is 
often seen in a class - based programme. 

 One of the challenges facing any patient or clini-
cian managing back pain is that the condition often 
recurs. While there is a strong argument that many 
patients are not able to address their risk factors, 
the effect of introduction of a long - term exercise 
programme to prevent further episodes requires 
study. Lifestyle changes which incorporate exercise 
are well established in cardiac disease although 
there is a paucity of research in this area when low 
back pain is considered. Soukup  et al.   (1999)  exam-
ined the effect of a combined exercise and educa-
tion programme (Mensendieck ’ s method) on the 
incidence of recurrent episodes of low back pain in 
patients with the history of the condition and who 
were currently working. Seventy - seven patients 
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the aerobics and devices groups maintained their 
post - treatment reductions in disability after 12 
months ’  follow - up. The authors concluded that the 
larger group size and minimal infrastructure 
required for low - impact aerobics made it less 
expensive to administer and therefore the most 
cost - effective method of management. 

 Long - term management as well as prevention of 
low back pain depends on recognition of risk 
factors. Low levels of physical activity and conse-
quent poor aerobic capacity have been noted as 
established risk factors for low back pain. 
Hartvigsen and Christensen  (2007)  carried out a 
prospective cohort study of 1387 twins over a 
2 - year period. The objective of the study was to 
examine associations between physical activity, 
physical function and the incident of low back pain 
in an elderly population. The authors found that 
being engaged in strenuous physical activity at 
baseline was strongly protective in relation to both 
having had any low back pain and having had low 
back pain lasting more than 30 days altogether 
during the past year at follow - up. Statistically sig-
nifi cant dose – response associations between 
increasing frequency of strenuous physical activity 
and magnitude of this protective effect were also 
found. In a 25 - year prospective cohort study of 640 
school children, Harreby  et al.   (1997)  demonstrated 
that there was a reduced risk of low back pain, 
measured as lifetime, 1 - year and point prevalence 
of low back pain, in subjects taking physical exer-
cise during leisure time (at least 3 hours per week) 
compared with the rest of the cohort. 

 There is a lack of consensus in the literature on 
the concept of deconditioning in low back pain, 
perhaps as a result of methodological diffi culties. 
Most patients presenting with low back pain have 
no record of previous levels of fi tness, i.e. a baseline 
measure, and studies are usually limited to meas-
urement of changes from that point. Smeets  et al.  
 (2006)  compared aerobic fi tness in patients with 
chronic low back pain with matched controls. In a 
study of 108 patients with chronic low back pain 
it was noted that there was reduced aerobic fi tness, 
especially in males, when compared with the nor-
mative population. However, Wittink  et al.   (2000a)  
demonstrated that levels of aerobic fi tness in 
patients with chronic low back pain are comparable 
with those in healthy subjects in a study of 50 
patients with chronic low back pain. Further 
research is required in this area. 

non - exercise intervention clearly refl ects a treat-
ment approach employed by many clinicians. The 
aerobic exercise approach presents a time - effi cient 
and an economically effi cient modality of manage-
ment. Another study which had signifi cant fi ndings 
in relation to aerobic exercise and low back pain 
was carried out by Sculco  et al.   (2001) . A cohort 
of 35 patients with a history of low back pain was 
stratifi ed into an aerobic exercise or a non - exercise 
control group for a 10 - week exercise programme. 
Subjects in the intervention group were prescribed 
a 10 - week home - based aerobic training programme 
consisting of walking or cycling which they per-
formed four times per week at 60% of maximal 
heart rate. Subjects in the control group were 
instructed to continue their normal daily routine 
and not to participate in any formal exercise pro-
gramme for the duration of the 10 - week study 
period. A number of outcome measures were 
assessed and the authors demonstrated that low to 
moderate aerobic exercise appears to improve 
mood states and work status, and reduce the need 
for physiotherapy referrals and pain medication for 
patient with low back pain under the care of a 
neurosurgeon. A similar small - scale study by Iversen 
 et al.   (2003)  assessed the effectiveness of a bicycle 
endurance programme in older adults with chronic 
low back pain. Twenty - six subjects were assessed 
at baseline and at 6 and 12 weeks using standard-
ised questionnaires, physical examination and 
endurance testing. The intervention required the 
subjects to exercise three times per week for 12 
weeks at a set wattage. At the end of the pro-
gramme, improvements were demonstrated in 
physical functioning and mental health and there 
was a decrease in chronic low back pain symptoms 
as assessed by a standard set of outcome measures. 
Despite methodological limitations, this study 
clearly supports the fi ndings of those discussed 
previously. 

 The long - term benefi ts of aerobic exercise in the 
management of low back pain have been demon-
strated by Mannion  et al.   (2001) . One hundred and 
forty - eight subjects were randomly assigned to one 
of three groups: active physiotherapy; muscle 
reconditioning on training devices or; low impact 
aerobics. Questionnaires were used to assess pain 
and disability after therapy and at the 6 -  and 12 -
 month follow up. All modalities were effective in 
reducing the intensity and frequency of pain. 
However, in contrast with the physiotherapy group, 



The Lumbar Spine 71

Studies looking at general strength will be consid-
ered fi rst. 

 Slade and Keating  (2006)  carried out a system-
atic review of studies examining the role of trunk 
strengthening exercises for chronic low back pain. 
Thirteen studies fulfi lled the methodological criteria 
and their fi ndings demonstrated that for chronic 
low back pain: trunk strengthening is more effective 
than no exercise for long - term pain; intensive trunk 
strengthening is more effective than less intensive 
strengthening in improving function. The authors 
found that increasing exercise intensity and adding 
motivation increased treatment benefi ts. However, 
they also concluded that trunk strengthening com-
pared with aerobics or McKenzie exercises showed 
no clear benefi t and that it was not clear whether 
the observed benefi ts were because of tissue loading 
or movement repetition. A very clear observation 
of this review and one which merits caution in its 
interpretation is the lack of standardisation in the 
exercise programmes. Many different types of exer-
cise were used for the different muscle groups, with 
frequency of attendance and number of repetitions 
of the exercises varying a great deal between studies. 
Most studies appeared to include low load training 
with the mean number of starting repetitions at 29 
and the mean number of exercise repetitions at 56. 
It was not clear why high load and low repetitions 
were only included in one study. A better planned 
study highlighted the importance of considering 
muscle  endurance  as opposed to strength. Luoto  et 
al.   (1995)  found that poor static back endurance 
was a good predictor of risk for low back pain. 
Confusion in the literature persists with many 
studies not addressing endurance when strength is 
considered. The limited number of studies of accept-
able standard in this area and the frequent use of 
this modality in low back pain rehabilitation, war-
rants more studies in this fi eld of interest. 

 An area which has been widely researched, par-
ticularly in recent years is the concept of spinal 
stability and associated muscle recruitment patterns 
in patient with low back pain. Before the research 
is reviewed, it is necessary to defi ne  spine stability , 
 core stability  and  stabilisation exercise.  There are 
many different viewpoints regarding these terms, 
but McGill  (2002)  outlines a logical explanation. 
McGill states that:

   ‘ achieving stability is not just a matter of target-
ing a few muscles  …  Suffi cient stability is a 

 There is considerable emphasis on individual 
muscle training in low back pain rehabilitation. 
Despite strong counter - arguments for this method 
of management, many clinicians concentrate on 
activation of, in particular, deep muscle groups to 
 ‘ stabilise ’  the lumbar spine. This concept will be 
discussed later in the chapter. However, Koumantakis 
 et al.   (2005a)  demonstrated that emphasis on spe-
cifi c re - training of the deep trunk muscles in con-
junction with general endurance exercise is of no 
more benefi t than general endurance exercise alone. 
In this randomised controlled trial, 55 recurrent 
patient with low back pain were randomised into 
either a generalised trunk muscle endurance pro-
gramme enhanced with specifi c muscle stabilisation 
exercises or a generalised trunk muscle endurance 
programme. A series of outcome measures demon-
strated equal benefi ts in both methods and the 
authors concluded that physical exercise alone and 
not the exercise type was the key determinant for 
improvement in this patient group.  

  Muscle  s trength and  e ndurance 

 Much of the focus over recent years has focused on 
rehabilitating the patient with low back pain with 
specifi c exercises designed to enhance  ‘ core stabil-
ity ’ . However, this term lacks clarity and has been 
interpreted in many ways. It has led certain groups 
of clinicians to concentrate on single muscle groups 
in rehabilitation, while other groups, particularly 
those that demonstrate a depth of understanding of 
spinal biomechanics, would argue that this is not 
practically possible. This will be discussed further 
in this section. Stabilising muscles, by defi nition, 
have an endurance role although spinal and trunk 
muscles must also be able to generate power. It is 
necessary to have an understanding of, and to con-
sider, the different functions of the muscles when 
rehabilitating the patient with low back pain. 
Beyond those studies which examine stability, there 
is little emphasis in the literature on the differing 
functions of the muscle groups. A problem arises 
when defi ning strength and endurance of muscles 
with some regarding the terms as interchangeable. 
When strength is regarded as the maximum force 
that a muscle can exert and endurance refers to the 
ability to maintain the force over time it would 
make sense that endurance plays a greater protec-
tive role for the lumbar spine (McGill,  1998 ). 
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and their roles were continually changing, depend-
ing on the task. They further argued that effective 
clinical rehabilitation aimed at enhancing stability 
requires a programme aimed at improving motor 
patterns that incorporate many muscles rather than 
targeting just a few. 

 Biomechanical theories and fi ndings must, of 
course, be applied clinically to measure effi cacy and 
ease of practical application. Rackwitz  et al.   (2006)  
conducted a systematic review of randomised con-
trolled trials that examined the role of segmental 
stabilising exercises in low back pain. Seven trials 
fulfi lled the methodological criteria. It was con-
cluded that for acute low back pain, segmental 
stabilising exercises are equally effective in reducing 
short - term disability and pain and more effective in 
reducing long - term recurrence of low back pain 
than treatment by a GP. For chronic low back pain, 
segmental stabilising exercises are more effective 
than GP treatment in the short and the long term 
and may be as effective as other physiotherapy 
treatments in reducing disability and pain. A further 
conclusion, however, was that segmental stabilising 
exercises are more effective than treatment by a GP 
but not more effective than other physiotherapy 
interventions. 

 Cairns  et al.   (2006)  carried out a randomised 
controlled trial of spinal stabilisation exercises 
versus conventional physiotherapy for recurrent 
low back pain. In a cohort of 68 patients, they 
showed that, using a standard package of outcome 
measures, improvement was seen with both treat-
ment packages to a similar degree and that no 
further benefi t was seen following the addition of 
stability exercises to a conventional physiotherapy 
protocol. The fi ndings of a another randomised 
controlled trial by Koumantakis  et al.   (2005b)  were 
similar. This trial examined the role of trunk muscle 
stabilisation training plus general exercise versus 
general exercise only in a group of patients with 
recurrent, non - specifi c back pain. The results of the 
study were that a general exercise programme 
reduced disability in the short term to a greater 
extent than a stabilisation - enhanced exercise 
approach. Ferreira  et al.   (2007)  compared the 
effects of general exercise, motor control exercise 
or spinal manipulative therapy on a cohort of 240 
patients with chronic low back pain. Their results 
showed that the motor control exercise group had 
slightly better outcomes than the general exercise 
group at 8 weeks follow - up as did the spinal manip-
ulative therapy group. However, this result was not 

moving target that continually changes as a func-
tion of the three dimensional torques needed to 
support postures. It involves achieving the stiff-
ness needed to endure unexpected loads, prepar-
ing for moving quickly, and ensuring suffi cient 
stiffness in any degree of freedom of the joint that 
may be compromised from injury. ’    

 However, recent years have seen an emphasis in by 
some clinicians on specifi c muscle groups, most 
notably the multifi dus and transversus abdominis, 
in rehabilitation. This is mainly a refl ection of 
studies that noted altered recruitment and activa-
tion patterns in these muscles following a low back 
pain episode (MacDonald  et al. ,  2006 ; Hyun  et al. , 
 2007 ). Comerford and Mottram  (2001)  suggest 
that spinal stability is related to movement dysfunc-
tion which can present as a local or global problem. 
Global presentation can manifest as dysfunction of 
the recruitment and motor control of the deep seg-
mental stability system resulting in poor control of 
the neutral joint position. The authors argue that it 
can also occur globally as imbalance between 
monoarticular stability muscles and biarticular 
mobility muscles. Local muscles are characterised 
by the fact that they are the deepest layer and 
appear to be biased for low load activity while 
global muscles are superfi cial and involve torque 
production, working at higher loads. This distinc-
tion was formalised by Bergmark  (1989)  and pro-
vided a focus for the early discussions on stability. 
In theory, rehabilitation of low back pain should 
recognise the role of all muscles and their contribu-
tion to stability. 

 Kavcic  et al.   (2004)  designed a study which 
aimed to identify the torso muscles that stabilise the 
spine during different loading conditions and to 
identify possible mechanisms of function. Ten male 
university students with no history of back pain 
took part in the study. Spine kinematics, external 
forces and 14 channels of torso electromyography 
(EMG) were recorded for seven stabilisation exer-
cises in order to capture the individual motor 
control strategies adopted by different people. The 
results demonstrated that a direction - dependent 
stabilising role was noticed in the larger, multiseg-
mental muscles, whereas a subtle effi ciency to gen-
erate stability was observed for the smaller, 
intersegmental muscles. This clearly supports the 
theory proposed by Comerford and Mottram. 
Kavcic  et al.   (2004)  concluded that no single muscle 
dominated in the enhancement of spine stability 
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subjects. However, in McGregor  et al.  ’ s study of 20 
patients with low back pain and 20 matched con-
trols, no signifi cant differences were seen in exten-
sion, lateral fl exion or rotation. The diffi culty in 
making clinical diagnoses as a result of altered 
ROM or movement patterns has been noted in a 
number of studies. Pal  et al.   (2007)  noted that even 
in healthy individuals, movement patterns, relative 
contributions and kinematic characteristics of the 
lumbar spine and hip present confl icting results. A 
study of lumbar spine and hip motion during 
fl exion and return movement in 20 healthy males 
confi rmed the existence of kinematic and temporal 
variations between the two regions on movement. 
They also found that hip - dominant or lumbar -
 dominant patterns are not the same for all individu-
als, even in a healthy population. 

 The importance of ROM to spine health lacks 
clarity and this has been demonstrated by Poitras 
 et al.   (2000) . In a study examining the validity of 
spinal ROM and velocity, it was found that kine-
matic variables were poor to moderately related to 
Oswestry questionnaire scores. It was also demon-
strated that kinematic variables were also unre-
sponsive to changes in work status and Oswestry 
questionnaire scores over time. A common clinical 
approach, particularly when a muscle balance 
approach is adopted is to consider altered muscle 
lengths and their effects on posture and ROM. A 
muscle group which is frequently targeted when 
low back pain is treated are the hamstrings. 
Halbertsma  et al.   (2001)  investigated the extensibil-
ity and stiffness of the hamstrings in patients with 
non - specifi c low back pain. In a study of 20 patients 
versus 20 controls, it was found that the low back 
pain group showed a signifi cant restriction in both 
ROM and extensibility of the hamstrings when 
compared with the controls. However, the danger 
of focusing on inclusion of ROM exercises were 
highlighted by Solomonow  et al.   (2003) , who 
showed that exposure to prolonged static lumber 
fl exion both increases the risk of further injury and 
exacerbates symptoms of low back pain.  

  Balance and  p roprioception 

 The concept of balance and proprioception and its 
relationship to function in the lumbar spine has 
generated much interest in recent years. An obser-
vation following a number of studies has been that 
subjects with a history of low back pain demon-

sustained and all groups had similar outcomes at 
the 6 -  and 12 - month follow - up. A critique of the 
study could be that exercise within the  ‘ general 
exercise ’  group may be argued to include motor 
control demands, thus making the stratifi cation a 
little vague. 

 Pilates has grown in popularity in the clinical 
setting, in recent years, primarily as a refl ection of 
the interest in the use of spinal stability training. 
Pilates classes present a cost - effective method of 
delivery of a rehabilitation programme as a number 
of patients may be seen at one time. Despite this, 
there is still a paucity of clinical trials to refl ect its 
growing use in the management of low back pain. 
Rydeard  et al.   (2006)  carried out a randomised 
controlled trial which examined the effect of a 
Pilates - based exercise programme on a cohort of 39 
patients with chronic low back pain. Compared 
with a control group, those following a 4 - week 
programme of Pilates - based exercise, demonstrated 
a signifi cantly lower level of functional disability 
and average pain intensity which was maintained 
over a 12 - month follow - up period. As Pilates also 
includes the exercise of other components of fi tness 
such as fl exibility, it represents a comprehensive 
approach to rehabilitation, which also provides 
economic sense; however, more large - scale studies 
are required to demonstrate its effi cacy.  

  Range of  m otion and  fl  exibility 

 Despite the fact that ROM exercises are included 
as a matter of routine in low back pain rehabilita-
tion programmes, there is sparse evidence to support 
this approach in the literature. ROM is also fre-
quently used not only as an outcome measure but 
also as an assessment tool in disability screening. 
Furthermore,  ‘ spinal fl exibility has been shown to 
have little predictive value for low back pain 
trouble ’  (McGill,  1998 ). 

 A justifi cation for including ROM exercises in 
the rehabilitation of low back pain has followed 
from the observation of altered movement patterns 
and ranges in patients with low back pain. Shum 
 et al.   (2007)  found compensatory movements and 
altered load - sharing strategies during sit - to - stand 
and stand - to - sit activities in a low back pain popu-
lation when compared with controls. McGregor  et 
al.   (1995)  demonstrated that people with low back 
pain showed signifi cantly reduced ROM in an 
antero - posterior direction compared with normal 
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cluded that the low back pain cohort had altered 
automatic postural co - ordination, both in terms of 
magnitude and timing of responses, indicating 
alterations in neuromuscular control. In a similar 
study, Volpe  et al.   (2006)  also found that patients 
with low back pain oscillated more than controls 
in an antero - posterior direction when on an unsta-
ble surface. Newcomer  et al.   (2002)  also carried out 
localised EMG measures of latency, frequency and 
asymmetry of muscle activation of the erector 
spinae, rectus abdominis, anterior tibialis and gas-
trocnemius in a very similar study to those outlined 
above. They found that signifi cantly more subjects 
with low back pain had absence of fi ring of trunk 
muscles during force plate perturbations than 
control subjects.  

  Summary 

 While published studies clearly support the use of 
exercise both in prevention and management of low 
back pain, there is a lack of consensus regarding 
the type and frequency of exercise which is optimal. 
Although the use of aerobic exercise is quite well 
defi ned, trials that have looked at other modes of 
exercise were vague in their description and strati-
fi cation of patients. In this case, a common sense 
approach would be to direct rehabilitation at 
restoring normal movement and thus function, 
using the American College of Sports Medicine 
(ACSM) guidelines for dosage and to include com-
ponents of fi tness as outlined in Chapter  2 .   

  Lumbar  s pine  i njury 

 As has been mentioned previously, lumbar spine 
injury is rarely, if ever confi ned to one specifi c 
tissue. Loading stresses all tissues, albeit to different 
extents, and it is perhaps more appropriate to 
discuss injury in terms of the tissue that it affects. 
The reader is encouraged to examine this area 
further to learn more regarding specifi c conditions. 
The tissues of the lumbar spine may be described 
as the vertebrae, end plates, disc (annulus and 
nucleus), neural arch (posterior bony elements) and 
ligaments (McGill,  2002 ). Injuries to the different 
areas are discussed below. 

strate repositioning error following specifi c exer-
cises or postural perturbations. The importance of 
this fi nding is that postural control is importance 
for optimal biomechanical positioning, particularly 
in tasks such as lifting. Education of patients with 
low back pain is aimed at recognition of risk factors 
and includes ergonomic advice; poor positioning 
and postural control will compromise this. 

 O ’ Sullivan  et al.   (2003)  examined whether indi-
viduals with lumbar segmental instability had a 
decreased ability to reposition their lumbar spine 
into a neutral position. Fifteen subjects with lumbar 
segmental instability were matched with 15 con-
trols. Subjects were assisted into a neutral spine 
position and asked to independently reproduce this 
position a number of times. Lumbar repositioning 
error was signifi cantly greater in subjects with seg-
mental instability than in the control group. The 
authors concluded that this provided evidence of a 
defi ciency in lumbar proprioceptive awareness 
among this population. A number of studies have 
also demonstrated that not only are repositioning 
defi cits noted in the low back pain population when 
compared to controls but that the percentage error 
increases when a fl exed posture is adopted (Wilson 
and Granata,  2003 ; Dolan and Green,  2006 ). 
Brumagne  et al.   (2000)  suggest that patients with 
low back pain have an altered reposition sense than 
controls, possibly because of altered paraspinal 
muscle spindle afference and central processing of 
this afferent input. In a study of 23 patients with 
low back pain, who were matched with controls, 
repositioning accuracy was signifi cantly lower in 
the low back pain group following a lumbar par-
aspinal muscle vibration protocol. Fatigue was also 
shown to amplify the error in repositioning in 
patients with low back pain by Taimela  et al.  
 (1999) , which is an important consideration when 
considering design and loading levels in a rehabili-
tation programme. 

 A more global view of the effect of low back pain 
on balance has been examined in a number of 
studies. Henry  et al.   (2006)  demonstrated decreased 
limits of stability in response to postural perturba-
tions in subjects with low back pain. A study of 26 
patients with low back pain measured sagittal and 
frontal plane displacement while standing on a 
force platform which was translated unexpectedly. 
The low back pain group had reduced and delayed 
sagittal plane centre of pressure responses com-
pared with the control group. The authors con-
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  End  p lates 

 End plate damage is caused under repeated com-
pressive loading, eventually leading to the forma-
tion of Schmorl ’ s nodes (McGill,  2002 ). 

 Damage to all or some of the above structures can 
lead to the development of the number of lumbar 
syndromes which clinicians will be familiar with: 
disc disease (acute and degenerative); facet joint 
dysfunction (acute and degenerative); instabilities 
including spondylolisthesis; stenosis and other 
manifestations of degeneration. The reader is 
encouraged to read further texts to understand the 
epidemiology and patterns of presentation of each 
disorder. Co - existence of pathologies is common 
and good clinical practice encourages the clinician 
to recognise movement and functional disorder as 
priority when designing rehabilitation programme, 
rather than employing a generic treatment approach 
for a specifi c disorder.    

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

  Assessment of the  p atient 

 It is important that a rehabilitation programme is 
designed to include a thorough and detailed assess-
ment of the patient. History should not only estab-
lish the pattern and nature of the patient ’ s pain but 
also assess their lifestyle, which is important to 
establish risk factors. Physical examination should 
establish postural and movement faults under both 
low and high load conditions. Examination of 
movement patterns should always be geared 
towards considering how exercise can improve 
movement both functionally and actively.  

  Assessment of  e ndurance 

 As it is important to emphasise endurance over 
strength; simple tests of endurance of the trunk 
(fl exors, extensors and lateral musculature) could 
include the following (from McGill,  2002 ). 

  Vertebrae 

 Fractures to vertebrae occur as a result of direct 
trauma or as a result of compressive loading. 
Unstable fractures may of course be catastrophic, 
resulting in paralysis as a result of spinal cord 
damage. Specifi c disease such as osteoporosis 
presents a major risk factor for vertebral fracture.  

  Neural  a rch 

 Posterior bony elements may be damaged as a result 
of repeated compressive loading as a result of cycli-
cal fl exion – extension cycles. Stress and occult frac-
tures will occur at the pars interarticularis resulting 
in spondylolysis (unilateral fracture) or spondy-
lolisthesis, which is a bilateral fracture associated 
with varying degrees of slip of the vertebra.  

  Disc 

 Damage may occur in the nucleus and/or the 
annulus. The annulus and nucleus work together 
support compressive load when the disc is subjected 
to bending and compression. Under compression, 
the nucleus pressurises, applying force to the end 
plates vertically and the annulus laterally. This 
causes the annulus fi bres to bulge outwards and 
become tensed. If this pattern is repeated, the 
nucleus will penetrate the failing annulus leading to 
disc herniation. There are four degrees of hernia-
tion: nuclear herniation; disc protrusion; nuclear 
extrusion and sequestrated nucleus. The disc 
demonstrates dramatic changes with age, and 
symptoms associated with these changes are 
common.  

  Ligaments 

 Ligaments of the lumbar spine are well adapted to 
the loading and cyclical motion requirements 
demanded of them. However, it has been noted that 
lumbar ligaments avulse at lower load rates but tear 
in their mid - substance at higher load rates (Noyes 
 et al. ,  1994 ). Ligament damage is frequently associ-
ated with high load trauma such as road traffi c 
accidents.  
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the upper body moves from the horizontal 
position.     

  Assessment of  a erobic  c apacity 

 Fitness testing should be included in the assessment 
as aerobic exercise will be an important part of the 
programme. Wittink  et al.   (2000b)  established the 
Bruce treadmill test as the most valid for measuring 
aerobic fi tness in patients with chronic low back 
pain.  

  Assessment of  m otor  c ontrol 

 Simple tests may be performed on the patient to 
assess their ability to maintain their lumbar spine 
in a neutral position (Fig.  6.4 ). The neutral lumbar 
spine position is found when the pelvis is halfway 
between full anterior tilt (Fig.  6.5 ) and full posterior 
tilt (Fig.  6.6 ). This may then be challenged by 
asking the patient to move the limbs into different 
positions. Poor control will result in the inability 
to maintain the lumbar spine in neutral (Figs  6.7  
and  6.8 ).    

  Assessment of  p roprioception 

 Proprioception should be examined at the initial 
stage using simple tests such as ability to reproduce 

     Figure 6.2     Flexor endurance test.  

     Figure 6.3     Back extensor test.  

     Figure 6.1     Lateral musculature test.  

  Lateral  m usculature  t est (Fig.  6.1 ) 

 The patient is asked to support the trunk in a side 
bridge, maintaining a neutral spine and straight 
torso. The patient is timed and failure occurs when 
the position can no longer be held.    

  Flexor  e ndurance  t est (Fig.  6.2 ) 

 The patient starts leaning against a wedge with 
both knees and hips fl exed. The wedge is pulled 
away from the patient and failure occurs when the 
patient ’ s posture changes or they lean back against 
the jig.    

  Back  e xtensor  t est (Fig.  6.3 ) 

 The patient lies over a plinth with the upper body 
hanging off and the feet fi xed. Failure is noted when 
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     Figure 6.4     Lumbar spine neutral position.  

postural positioning. Tools such as electrogoniom-
eters and EMG will be useful to give some quantita-
tive data at this stage. Electrogoniometers allow 
accurate measurement of the lumbar spine angles. 
The patient is placed into a position by the clini-
cian. They are then allowed to move freely and 
asked to re - create the position (Fig.  6.9 ).    

     Figure 6.5     Full anterior tilt.  

     Figure 6.6     Full posterior tilt.  

     Figure 6.7     Arm movement is added, poor control results in 
lumbar spine movement.  

  Assessment of  fl  exibility 

 The important factor to consider when assessing 
fl exibility in the patient with low back pain is the 
effect of limited ROM of joints around the lumbar 
spine and their effect on normal lumbar movement. 
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chanics of the lumbar spine. This may be assessed 
in standing with the lumbar spine in a neutral posi-
tion; the patient elevates both arms slowly. If the 
lumbar spine moves into extension this could be 
caused by a combination of tight shoulder fl exors, 
limited thoracic spine extension and poor lumbar 
motor control. Further localised testing is required 
to establish which muscle groups are affected (Fig. 
 6.11 ).   

 In the modifi ed Thomas test, the patient starts 
with both hips and knees in fl exion. One leg is 
lowered to allow the hip to go into extension. Tight 
hip fl exors cause the lumbar spine to partly move 
into extension, resisting the efforts of the contralat-
eral hip to maintain posterior pelvic tilt (Fig.  6.12 ). 
These tests are not an exhaustive list and thorough 

Short hamstrings are associated with specifi c abnor-
mal postural types and will frequently induce early 
lumbar fl exion. A useful test to assess the effect of 
hamstring length on lumbar spine position places 
the patient sitting with hips and knees fl exed to 90 ° . 
He or she is asked to extend the knee slowly. 
Hamstring tightness will result in posterior tilt of 
the pelvis (Fig.  6.10 ).   

 Hip, thoracic spine and even tightness around 
muscle groups in the shoulder will alter the biome-

     Figure 6.9     Assessment of repositioning skill using an 
electrogoniometer.  

     Figure 6.10     Testing for hamstring length.  

     Figure 6.11     Assessment of the effect of upper limb move-
ment on lumbar spine position.  

     Figure 6.8     Hip fl exion is added, poor control results in 
posterior tilting of the pelvis.  
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postural and motion assessment will give the clini-
cian a better focus for testing specifi c groups.    

  Design of an  e xercise  p rogramme 

 Management of patients with low back pain will 
frequently include modalities such as manipulation 
and massage but for the purposes of this text, an 
exercise - only approach will be described. A generic 
approach to programme design is strongly discour-
aged but general principles may be adapted accord-
ing to the patient ’ s needs. It is important that 
concepts are evidence based and consider the com-
ponents of fi tness and the ACSM ’ s guidelines (see 
Chapter  2 ) as well as including stability and prop-
rioceptive work throughout all stages, which are 
fundamental to success. 

 McGill  (2002)  emphasises the importance of 
training for health as opposed to performance when 
considering low back pain. This approach stresses 
the importance of: 

   �      Muscle endurance  
   �      Motor control perfection  
   �      Maintenance of suffi cient spine stability in all 

expected tasks    

 Strength should not be a targeted goal although 
strength gains will result. Training for health should 
also include aerobic fi tness and appropriate activity 
levels. When elite athletes are considered, these 
principles will still be considered but the spine 
must be prepared for high stresses and loading. 

     Figure 6.12     The modifi ed Thomas test.  

Application of the principle of specifi city will allow 
a programme of appropriate design, in terms of 
exercise type and loading, to be formulated. 

 The exercise programme will be discussed in 
terms of early, intermediate and late stages of man-
agement. Progression through the programme will 
depend on the patient ’ s response, according to 
outcome measures which should be established 
before the programme is commenced. The pro-
gramme should be carried out daily for optimum 
effect. This may not be possible in a clinic situation 
so it is important that the patients carries out an 
adapted programme on non clinic days. Ultimately, 
a lifestyle change is expected when the patient will 
be expected to carry out a number of components 
of the exercise programme, if not daily, on a regular 
basis.  

  The  e xercise  p rogramme 

  Early  p hase 

 The fi rst stage of any programme should be to 
correct abnormal movement patterns, posture and 
to establish postural control under conditions of 
low load. The patient should be shown and assisted 
to fi nd the position when their pelvis and spine is 
in a neutral position. This may be done in different 
positions such as sitting, standing, lying or four -
 point kneeling (Fig.  6.13 ).   

     Figure 6.13     The therapist helping a patient fi nd a neutral 
lumbar spine position on four - point kneeling.  
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     Figure 6.14     ( a ) Hamstring stretch. ( b ) Quadriceps stretch. ( c ) Adductor stretch. ( d ) Thoracic extension stretch.  

(a) (b)

(c) (d)

and should place particular emphasis on correct 
lumbar spine and pelvis position while carrying out 
the stretch.   

 However, an important point at this stage is 
that fl exibility must not be overemphasised until 
the spine is stabilised and abnormal movement 
patterns are corrected. In general, at this stage, 
fl exibility training should be aimed at those 
muscle groups which prevent the neutral pelvis 
posture being attained. It is important that 
movements or stretches which are already overem-
phasised by the patient are avoided as they may 
be contributing to the patient ’ s disorder. For 
example, a gymnast is frequently hypermobile in 
lumbar extension so it would be nonsensical to 
emphasise this movement in rehabilitation if 

 It is common for patients with low back pain to 
have adopted poor posture, which may be because 
of a number of reasons including pain, work or 
sporting demands or genetically determined body 
type. Education and assistance by the clinician to 
fi nd a more correct posture is important at this 
stage. It is likely that stretching or specifi c muscle 
groups will be required at this stage to allow the 
patient to achieve a more normal postural position-
ing. These muscle groups will have been identifi ed 
in the assessment procedure and should be targeted 
early. In patients with low back pain, specifi c muscle 
groups demonstrate tightness, in particular, the 
hamstrings, hip fl exors and the muscles of the pos-
terior calf. Stretches appropriate for the patient 
with low back pain are illustrated in Figure  6.14  
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     Figure 6.15     Teaching simple functional activities while maintaining a neutral lumbar spine.  

(a) (b)

such a patient ’ s pain was due to overloading in 
extension. 

 Once the patient is able to establish neutral posi-
tion of the spine and improved posture, the muscles 
which hold the spine in this position must be 
trained. The fi rst exercise is very simple and the 
patient is requested to hold this position in sitting, 
standing and other functional patterns. Such low 
load training is working on the endurance of the 
postural muscles as well as proprioception or spinal 
position sense. Proprioceptive training is enhanced 
by giving the patient feedback in the form of verbal 
cues, mirrors, videos, biofeedback or any other 
technology which has been discussed in Chapter  3 . 
Patients often tire quickly at this stage and this must 
be expected. Overloading and resulting fatigue is 
associated with substitution of normal movement 
or posture to abnormal. 

 Once the patient is able to adopt and maintain a 
neutral spine in standing, simple functional move-
ments such as squatting, fl exing and extending the 
lumbar spine and lifting (very small and light) 
objects may then be introduced (Fig.  6.15 ). It is 
common at this stage to observe movement faults 
with position changes and the clinician must con-
stantly correct these faults. If the patient fi nds any 
of the movements too challenging, they may not be 
ready to progress and control in simple standing 
and sitting should be reviewed. 

 At this stage, it is important to consider the role 
of the abdominal muscles in enhancing spine stabil-
ity. There has been a great deal of research in this 

area in recent years and the reader is advised to 
familiarise themselves with this. McGill  (2001)  
favours the concept of  abdominal bracing  as 
opposed to hollowing which is taught by some 
groups of clinicians. Abdominal hollowing recruits 
the transversus abdominis whereas bracing co -
 activates this muscle with the external and internal 
obliques, offering greater stability. McGill argues 
that hollowing may be used as a motor control 
exercise but that it does not enhance stability. 
Abdominal bracing requires that the abdominal 
wall is neither sucked in nor pushed out but con-
tracted isometrically. Readers are encouraged to 
read McGill ’ s work further to understand the 
mechanical concepts discussed above. Teaching 
abdominal bracing may present a challenge to clini-
cians and they should not hesitate to spend some 
time with the patient perfecting it (Fig.  6.16 ). 
Mental cues such as  ‘ imagine you are about 
to be punched in the abdomen ’  may be helpful. 
Demonstrating isometric contractions in other 
joints may also be useful.   

 The fi nal component of this phase is to introduce 
aerobic exercise. Although it may be argued that 
movement faults may perpetuate when such exer-
cise is added, the patient (unless severely disabled 
by pain) will probably be undertaking some aerobic 
exercise already, such as walking. The therapist 
needs to make a clear clinical judgement in this case 
and consider whether the addition of aerobic exer-
cise will affect movement which is already poor. 
If not, simple activity such as walking may be 
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throughout the programme as an increase in loading 
will place stresses on proprioceptive control. 

  Warm -  u p 

 The warm - up should be an opportunity to consoli-
date normal movement and to ensure that correct 
motor patterns and spinal positioning is estab-
lished. Light aerobic exercise to increase the heart 
rate could include deep knee bends while arm 
swinging, lunges or step - ups (Fig.  6.17 ). Each set of 
movements should be preceded by the patient 
establishing correct spinal position and maintaining 
this position throughout the movement.   

 ROM exercises for the spine should be intro-
duced in the warm - up. It is important not to 
encourage spinal motion to extremes at this point 
as good stability has not yet been established. 
Simple exercises such as  ‘ humping and hollowing ’  
(Fig.  6.18 ), pelvic tilting (Fig.  6.19 ) and hip hitching 
(Fig.  6.20 ) in standing are appropriate.   

 Stretches may be included to incorporate those 
muscle groups which were highlighted as signifi cant 
in initial assessment. Further stretches may be 
included as appropriate for any programme. As is 
the theme throughout the programme, stretches 
must be done with the spine in an optimum 
position.  

introduced. A guideline of 30 minutes per day is the 
ultimate goal although for the de - trained patient, 
10 minutes of walking per day may be a good start-
ing point. The patient should be encouraged to 
consider postural correction exercises while 
walking. 

  Summary of the  e arly  p hase 

     �      Teach the neutral spine and spinal position 
sense.  

   �      Correct postural and movement faults.  
   �      Teach abdominal bracing.  
   �      Minimise loading to basic functional tasks.  
   �      Introduce low - level aerobic exercise.      

  Intermediate  p hase 

 This stage of the programme consolidates concepts 
from the fi rst phase and introduces loading to 
enhance endurance. At this point it is useful to run 
the rehabilitation session like a conventional exer-
cise class with a warm - up, aerobic phase and 
strengthening phase followed by a cool - down. Such 
a method of delivery works well in hospital and 
clinical situations and may allow a number of 
patients to be seen simultaneously. Reinforcing 
normal movement should be a constant theme 

     Figure 6.16     Teaching abdominal bracing.       Figure 6.17     Step - ups as a warm - up activity. Note that the 
therapist is checking lumbar spine position.  
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  Aerobic  p hase 

 Aerobic exercise may be introduced in the form of 
an exercise which places minimal loading specifi -
cally on the low back but is also reproducible for 
the patient following discharge from the pro-
gramme. Walking is particularly useful as patients 
are able to continue this exercise independently. 
Addition of spinal rotation in activities such as 
Nordic walking (Fig.  6.21 ) or using the Nordic ski 
track makes the activity more interesting and intro-
duces more muscle activity. Target heart rate should 
be set before the activity begins and a time period 
of about 20 minutes is useful in a class setting. Out 
of a class setting, a target of up to1 hour should be 
the aim. Swimming is also a useful activity to chal-
lenge the aerobic component of the programme but 
would be more convenient if the whole design of 
the class was hydrotherapy based. Activities such 
as rowing machines are particularly unsuitable 
because of the poor spine position and loading 
during the activity.    

  Strengthening  p hase 

 The aim of the strengthening phase is to enhance 
the endurance of the stabilising muscles. McGill 
 (2002)  identifi ed the signifi cant stabilisers as: 

     Figure 6.18     Humping and hollowing.  

     Figure 6.19     Pelvic tilting.  

     Figure 6.20     Hip hitching.  

     Figure 6.21     Nordic walking.  
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of a pressure biofeedback unit (PBU) is benefi cial 
to give reinforcement to the patient. The PBU is 
placed in the lumbar lordosis; the spine is  ‘ set ’  in 
neutral and the abdomen braced as taught in the 
early phase. Limb movement is introduced with 
the arm (Fig.  6.25 ) or the leg. If good stability is 
demonstrated, there will be no change in the spine 
position and thus no change in the reading on the 
PBU.    

  Cool -  d own 

 The cool - down may comprise walking or low level 
aerobic activity followed by proprioceptive exer-
cises such as targeted repositioning to encourage 
good spinal position sense.  

   �      Multifi dus and other extensors  
   �      Quadratus lumborum  
   �      The three layers of the abdominal wall.    

 A simple approach would be to train the muscles 
of the anterior, posterior and lateral trunk. 
Assessment established the holding times of the 
various exercises (see above) and the aim should be 
to increase the time that the patient is able to hold 
the correct position of the exercise. Repetitions as 
well as holding times may be increased as the 
patient improves. Starting position requires re -
 establishment of good spinal position at each rep-
etition of the exercise. The side bridge exercise aims 
to improve endurance of the trunk side fl exors. 
Figure  6.22 a is an easy position with Figure  6.22 b 
demonstrating a progression of diffi culty. 

 The trunk curl (Fig.  6.23 ) aims to work the trunk 
fl exors or muscles of the abdominal wall. The spine 
is held in neutral with one knee fl exed to prevent 
pelvic rotation (McGill,  2002 ). It is important that 
the cervical spine is maintained in a neutral position 
throughout the exercise and the shoulders are 
barely raised from the supporting surface. Figure 
 6.24  illustrates exercises to train the trunk exten-
sors. In four - point kneeling, the patient establishes 
the neutral spine position and slowly raises one arm 
or leg. A progression is seen when the patient raises 
one arm and the leg on the opposite side. The 
further the arm or leg is extended, the greater the 
loading as the lever is longer.   

 Exercises to challenge stability by adding limb 
movement may be introduced at this stage. The use 

     Figure 6.22     Side bridge exercise.  

(a) (b)

     Figure 6.23     The trunk curl.  
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challenges. Free weights, pulley weights, gym balls 
and wobble boards may now be introduced. 
Rotational movement patterns may be introduced 
with or without weights. As stressed throughout the 
text, there must continue to be strong emphasis on 
correct spinal positioning and control throughout 
movement. It is well recognised that as loading is 
increased, control is frequently compromised and 
abnormal movement patterns are observed. Speed 
of movement may also be increased but again 
movement must be observed closely for abnormal-
ity. Discharge of the patient should be considered 
and plans made to incorporate appropriate ele-
ments of the programme into the patient ’ s lifestyle. 
It is likely that there will be a relapse in the patient ’ s 
condition if recommended activity levels are not 
met with exercise and localised exercises are not 
continued. While class design is the same as that 
described previously, the components of the pro-
gramme will change in the following ways. 

  Aerobic  e xercise 

 The patient should now reach the minimum require-
ment of 30 minutes of moderately intense exercise 
on 5 days of the week. The important factor is that 
this will continue throughout life and will be an 
activity or activities (variation is encouraged) that 
the patient may incorporate into their lifestyle such 
as changing the daily car commute to walking. The 
rehabilitation programme will only be part of this 
and may comprise the same exercises as those 
described above.   

     Figure 6.24     Trunk extensor exercise: ( a ) beginner to intermediate;  ( b ) advanced.  

(a) (b)

  Summary of the  i ntermediate  p hase 

     �      Continue to emphasise spinal position sense 
and good postural control.  

   �      Introduce exercises that challenge endurance of 
postural muscles.  

   �      Increase aerobic activity.  
   �      Establish a pattern of exercise that the patient 

will continue throughout life.      

  Late or  a dvanced  p hase 

 The advanced phase of rehabilitation will be very 
similar in design to the previous stages but with a 
component of increased loading and proprioceptive 

     Figure 6.25     With the pressure in place and the lumbar spine 
in a neutral position, the patient introduces arm movement.  
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of good spinal positioning is challenging in this 
position and must be monitored by the thera-
pist. The prone bridge (Fig.  6.28 ) works the 
trunk fl exors to prevent the trunk sagging into 
extension due to gravity. However, this exercise 
is a very good example of a general stability 
exercise that facilitates co - contraction of all 
trunk musculature.  

   �       Trunk side fl exors :     Two variations of the side 
bridge frequently seen in Pilates programmes 
are illustrated in Figure  6.29  and demand 
endurance activity in the side fl exors. Figure 
 6.30  illustrates trunk side fl exion using a pul-

  Range of  m otion and  fl  exibility  t raining 

 There is a temptation at this stage to progress fl ex-
ibility training to try to reach end - range or even 
extremes of movement. The basic functional 
demands of the patient must be considered and, 
unless they are elite athletes, conservative goals fre-
quently suffi ce. If fl exibility has reached the point 
where good posture and spinal positioning may be 
reached and attained and everyday activities may 
be carried out well, then the goal of this phase 
should be to maintain good movement into dis-
charge and beyond. 

  Strengthening  e xercise 

 Strengthening exercise at this phase again empha-
sises endurance so the patient should be reaching 
higher exercise repetitions and longer holding 
capacity. Exercises may divided as above into those 
that work the fl exors, extensors and side fl exors of 
the trunk but rotation patterns may be added in 
and unstable surfaces introduced. The reader is 
encouraged to be imaginative and to research con-
stantly as there are endless ideas for exercises that 
may be used in this phase. The following is by no 
means an exhaustive list but represents some basic 
ideas. 

   �       Trunk fl exors :     A curl up may be performed on 
a gymnastic ball to add an element which chal-
lenges the proprioceptive system (Fig.  6.26 ). A 
trunk fl exion exercise in standing using pulley 
weights adds loading (Fig.  6.27 ). Maintenance 

     Figure 6.26     Trunk fl exion curl on a gym ball.  

     Figure 6.27     Trunk fl exion in standing using pulleyed 
weights.  

     Figure 6.28     The prone bridge.  
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leyed weight for loading. Note that the subject 
is standing on an unstable surface to present a 
further challenge.  

   �       Trunk extensors :     In Figure  6.31  the patient is 
performing trunk extension on an unstable 
surface (gym ball). In Figure  6.32  the patient is 
performing extension to a horizontal position 

     Figure 6.29     Side bridge.  

(a) (b)

     Figure 6.30     Trunk side fl exion using a pulleyed weight for 
loading.  

     Figure 6.31     Trunk extension over a gym ball.  

     Figure 6.32     Horizontal extension over a gym bench.  
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over a gym bench. The patient may increase 
loading by extending the arms or placing 
weights in the hands.  

   �       Adding rotation :     The addition of rotation 
allows more functional patterns to be exer-
cised. In Figure  6.33  the patient rotates and 
extends the trunk while pulling a pulleyed 
weight. An extension pattern may be worked 
if the patient reverses their starting position. 
Good spinal position sense is important in this 
case as loading increases with addition of 
torsion. In standing, the patient may rotate the 
trunk in a fl exion to extension pattern while 
holding a medicine ball (Fig.  6.34 ). This is an 
advanced exercise which places high demands 
on control and spinal position sense.       

  Summary of the  l ate  p hase 

     �      Continue with postural and spinal position 
training with the introduction of challenges 
such as unstable supporting surfaces.  

   �      Train endurance in appropriate muscles (as 
above) with the introduction of loading and 
rotational activity.  

   �      Continue an aerobic exercise programme so 
that the patient completes 30 minutes of 
aerobic activity per day.  

   �      Prepare and adapt the programme so that 
essential elements will be continued at 
discharge.       

  Discharging the  p atient 

 Criteria for discharge should have been established 
with the patient at commencement of the pro-
gramme. It is important that the patient under-
stands that failure to continue with exercise 
following discharge places them at increased risk of 
relapse. It is unrealistic to expect the patient to 
continue exercise in such an intensive way as that 
experienced during the rehabilitation programme. 
However, certain elements including aerobic exer-
cise and endurance training of the trunk muscles 
will lend particular benefi t if continued in the long 
term. The patient may be able to join a gym or 
exercise class which will allow them to continue 
exercising in a social setting.   

     Figure 6.33     Rotation and trunk extension using a pulleyed 
weight.  

     Figure 6.34     Trunk rotation using a weight.  
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  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS             

     A 72 - year - old man with degenerative disc disease 
at L3/4 and L4/5 presents with diffuse lower back 
pain which radiates into the right leg. Pain is 
eased by walking and aggravated by prolonged 
sitting and gardening. The patient leads a rela-
tively active lifestyle and is a non - smoker. 
Examination reveals restriction in all lumbar 
movements ,  particularly extension ,  fl attened 
lumbar lordosis with poor postural control par-
ticularly when loading is added. There are no 
signifi cant neurological signs.   

  Management 

 As the pathology causing this patient ’ s pain is 
degenerative and, by defi nition, likely to demon-
strate limited improvement, management should 
be aimed at maximising function which should 
has a positive effect on pain. Gardening and 
walking are activities that should be incorporated 
into the programme as the patient enjoys them. 
The early stage of the programme should concen-
trate on achieving a more normal posture in 
standing and sitting positions. Pelvic tilting, ini-
tially in standing should aimed at assisting the 
patient achieve a neutral spine position as well as 
increase the lumbar lordosis and increased lumbar 

extension. If the patient can comfortably achieve 
a four - point kneeling position, the  ‘ humping and 
hollowing ’  exercise would help mobilise the 
lumbar spine, which is likely to be generally hypo-
mobile. Once a more neutral spine position is 
achieved, abdominal bracing may be introduced 
and reinforced by practising during everyday 
activities. Walking may be used as aerobic activity 
but gait should be assessed to ensure that good 
spine positioning is maintained. Loading may be 
added when the patient is able to stabilise the 
spine during light every day activity loading. 
Gardening - type exercises would be ideal for this 
patient to include activities such as digging, lifting 
light loads such as garden waste bags in simple 
patterns and challenging control in a kneeling 
position, which may add in hip fl exion to simulate 
a weeding position. 

 It is hoped that normalising and mobilising 
spinal movements will reduce radicular pain, 
although many therapists may choose to add in 
neural tissue mobility exercises. Such exercise type 
is beyond the scope of this book and readers are 
encouraged to examine the treatment of radicular 
pain further. The patient ’ s discharge programme 
should encourage everyday aerobic activity com-
bined with basic spinal stability and mobility 
exercises which fi t in well with the patient ’ s pre-
ferred activities.  

 Case study 1 

     A 32 - year - old sedentary offi ce worker, a smoker, 
presents with lumbar pain due to an acute disc 
protrusion at L4/5. Time of presentation is 4 
weeks after initial onset and initial referral into 
the left foot has now cleared resulting in localised 
pain that is aggravated by lumbar fl exion and 
worse on rising in the morning. Examination 
reveals pain in early fl exion and positive slump 
and straight leg raise on the left.   

  Management 

 This patient has presented for treatment with a 
number of noted risk factors for low back pain. 
Poor levels of activity and smoking along with the 
ergonomic profi le of the patient ’ s occupation must 
be addressed early if there is to be a successful 
rehabilitation programme. Smoking cessation will 
require the aid of an outside intervention such as 

 Case study 2 
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a support group and nicotine replacement therapy 
to have optimal effect. It is likely that the patient 
will present with limited ROM in the lumbar 
spine, particularly in fl exion. Simple ROM exer-
cises into all ranges but keeping the motion very 
small and out of the painful range will encourage 
normal movement and help to reduce infl amma-
tion. Neurodynamic work may be benefi cial in 
management as mentioned previously and the 
student is encouraged to read further in this area. 
Spinal position should be trained which may be a 
particular challenge to this patient as they will 
probably have adopted poor posture for some 
time. Simple stretches may be required to allow 
correct spinal positioning at this stage but care 
must be taken not to overload the spine motion 
as pain may be aggravated. Abdominal bracing 
should be taught early as it is likely that this 
patient ’ s lifestyle will mean that he presents 
with very poor trunk control. Considerable time 
and effort should be spent at this stage and 
bracing should be assessed and practised in many 
different spine positions. An aerobic exercise 
should be introduced early but should be adapted 
so that the patients pain is not aggravated by 
the chosen activity. Once good stability in 
neutral positions has been achieved, some light 
loading may be introduced and stability may be 

challenged in positions other than neutral. As 
the patient will be required to return to a sitting 
work posture, exercises must also be practised 
in this position. Although the patient will be 
advised to avoid prolonged sitting, it is not 
completely avoidable and good, stable sitting 
posture which achieves a spinal position which 
is as close to neutral as possible, will limit 
damage. 

 Aerobic exercise should continue with an activ-
ity that the patient will carry on following dis-
charge. Postural control during aerobic exercise 
should be intermittently assessed as such exercise 
will also be useful for training dynamic stability 
of the spine. The fi nal stage of the programme 
should be aimed at producing a regime that the 
patient will continue following discharge and will 
induce the lifestyle change that the patient requires 
for better health. Aerobic exercise should include 
an activity such as walking or a lunchtime swim 
which the patient can fi t into the working day. 
Stability and endurance exercise may be more fea-
sible if the patient joins a well designed Pilates 
programme or has a programme that may be 
carried out in a social gym. If the patient does not 
adopt the recommended lifestyle changes then it 
is likely that the injury will reoccur and this 
should be stressed on discharge.  

Case study 2—cont’d

     A 16 - year - old elite cricketer who is a bowler 
presents with an acute onset of right lumbar pain. 
X - ray reveals spondylolysis at L5/S1.   

  Management 

 Cricket bowling is commonly associated with 
loading in an extension pattern in the lumbar 
spine with particular stresses noted at the pars 
interarticularis. The reader is encouraged to study 
the biomechanics of this activity to understand 
further. Spondylolysis is a noted injury in cricket, 
particularly in elite junior players. The ultimate 

aims of rehabilitation of this patient are to stabi-
lise around the fracture and to minimise loading 
on return to cricket by altering biomechanics of 
the bowling technique. Fitness must be main-
tained as it is likely that the patient will already 
have good aerobic function. Activities such as 
swimming or aqua jogging will be appropriate 
and loading or time spent exercising should be 
equivalent to the time that the patient will usually 
spend doing daily aerobic exercise as part of their 
training. This level should be maintained to dis-
charge. Early rehabilitation will be aimed at 
achieving stability, particularly around the affected 
level in the spine. Specifi c fl exibility exercises may 

 Case study 3 
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   (9)   Summarise the important concepts of an exer-
cise programme for low back pain in early, 
intermediate and late stages.   

   (10)   What lifestyle factors are important in long -
 term prevention or management of low back 
pain?       
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be required to achieve good spinal positioning or 
to address areas of hypomobility such as thoracic 
extension. Once basic stability has been achieved, 
loading may be introduced. However, as this 
patient is an athlete, the programme will require 
some power work as well as endurance and this 
should not be introduced until late rehabilitation. 
Early loading should include patterns which will 
be used during cricket, in particular, trunk rota-
tion with arms moving from full fl exion to exten-
sion as in the bowling action. Loading with the 
trunk in fl exion and rotation as is seen in batting 
should also be included. Pulleys and free weights 
may be used to achieve these patterns with incre-
mental loading over the progression of the pro-
gramme. Proprioceptive training is particularly 
important as return to sport will not only place 
demands in this area to protect the spine but also 
to optimise performance. 

 Late stage rehabilitation should continue 
aerobic, proprioceptive and endurance training of 

the spine as described above but should also 
include power work. Power activities for the 
trunk could include pulley and free weight activi-
ties adding in high loads and speeds or activities 
such as throwing and catching a medicine ball 
with the trunk in different positions. A fundamen-
tal component of the programme which should 
be considered on day 1 and beyond discharge is 
that sporting technique should be analysed 
with the assistance of the coach. Abnormal move-
ment patterns should be corrected both in sport 
and everyday activities and it is important 
that sporting activity is not resumed until patterns 
are normal. A graduated return to sport 
should be combined with continuation of the pro-
gramme to address risk of re - injury. Return of 
symptoms may necessitate change of cricket activ-
ity to fi elding rather than bowling until the spine 
is considered more stable, which may not be 
achieved until a more mature skeletal status is 
reached.  

Case study 3—cont’d
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  7 The Shoulder Complex  

  Anne S.     Viser   ,    Michael M.     Reinold   , 
   Kyle J.     Rodenhi    and    Thomas J.     Gill       

   SECTION 1: INTRODUCTION 
AND BACKGROUND 

    The shoulder is a rather complex joint that allows 
the ability to perform numerous functional activi-
ties with varying combinations of speed, power and 
precision. A hallmark of the shoulder region is its 
large freedom of movement, yet poor static stabil-
ity, given its minimal bony congruency and thin, 
fl exible capsulo - ligamentous structures. All shoul-
der motion, from simple arm elevation to high -
 velocity throwing, requires considerable strength 
and precise interaction of the surrounding muscu-
lature to achieve dynamic stabilization. As our 
understanding of these processes has evolved, so 
has our approach to shoulder rehabilitation.  

  Evidence of  r ole of  e xercise in 
 s houlder  r ehabilitation 

 Therapeutic exercise is a well - established compo-
nent of shoulder rehabilitation. A variety of shoul-
der exercise and rehabilitation programmes have 

been shown to be effective in improving function in 
patients with impingement (Bang and Deyle,  2000 ; 
Roy  et al. ,  2008 ), shoulder pain (Ginn  et al. ,  1997 ; 
Ludewig and Borstad,  2003 ) and adhesive capsulitis 
(Carette  et al. ,  2003 ). Studies have also shown 
shoulder stretching and strengthening exercises to 
be effective at improving faulty posture (Kluemper 
 et al. ,  2006 ) and mechanics (Wang  et al. ,  1999 ). 

 The purpose of this chapter is to discuss the role 
of exercise in the rehabilitation of shoulder injuries 
and it will provide an overview of exercise princi-
ples that address impairments of mobility, strength, 
dynamic stability and proprioception. a functional 
exercise progression will be outlined based on these 
principles and which includes a gradual and full 
return to daily and recreational activities. 

  Range of  m otion and 
 fl  exibility  e xercise 

 Several studies (Ginn  et al. ,  1997 ; Ludewig and 
Borstad,  2003 ; McClure  et al. ,  2004 ) have attempted 
to assess the effectiveness of stretching and strength-
ening programmes in reducing pain and improving 
function in patients with various shoulder patholo-
gies. The results of the studies suggest that pro-
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metrical capsular tightness, where one aspect of the 
capsule becomes tight and restricted, the humeral 
head migrates away from the area of restriction. 

 Specifi c areas of the glenohumeral joint capsule 
(with its closely related ligaments) are responsible 
for limiting physiological motion and checking 
excessive translation. Knowledge of these biome-
chanical factors can help the clinician accurately 
assess the cause of motion restrictions and develop 
a treatment programme designed to specifi cally 
address certain aspects of the joint. The rotator cuff 
interval, coracohumeral ligament and superior 
glenohumeral ligament act to limit fl exion, exten-
sion and external rotation with the arm at 0 °  of 
abduction. The middle glenohumeral ligament 
tightens at the end range of external rotation at 
approximately 45 °  of abduction. The three portions 
of the inferior glenohumeral ligament complex each 
have independent roles. The anterior portion serves 
to limit external rotation at 90 °  of abduction. The 
middle portion of the inferior glenohumeral liga-
ment complex tightens with end - range abduction 
and fl exion. Finally, the posterior portion checks 
internal rotation at 90 °  of abduction. The posterior 
capsule serves to limit internal rotation from 0 °  to 
45 °  of abduction (Rockwood  et al. ,  2004 ). 

 This information is extremely valuable when 
assessing the ROM restrictions and can help guide 
proper stretching and joint mobilization techniques. 
It is necessary to assess each patient ’ s available ROM 
to determine which planes of motion may be limited. 
For example, a patient who has diffi culty performing 
overhead reaching activities and exhibits adequate 
external rotation of the glenohumeral joint at 0 °  and 
45 °  of abduction but limited external rotation at 
90 °  may benefi t from joint mobilization and stretch-
ing techniques designed to improve mobility of the 
inferior glenohumeral ligament complex, specifi -
cally the anterior band (Fig.  7.1 ). The information 
can also help guide exercise interventions aimed 
at restoring shoulder ROM. By placing stress on 
structures limiting shoulder ROM, tissue remodel-
ling in ligament, tendon and muscle can be infl u-
enced. This can be accomplished with a variety of 
ROM exercises, capsular and muscular stretches.    

  Strengthening  e xercise 

 The effi cacy of shoulder strengthening programmes 
is diffi cult to evaluate. Several studies (Ginn  et al. , 

grammes of this nature can benefi t shoulder pain 
and function. An understanding of the anatomy 
and biomechanics of the shoulder can help guide 
proper exercise prescription. 

 Adequate range of motion (ROM) and soft tissue 
mobility is essential for proper function of the shoul-
der girdle. The shoulder exhibits extreme mobility in 
all planes of motion. Full shoulder mobility requires 
proper physiological and accessory motion of the 
glenohumeral, scapulothoracic, acromioclavicular 
and sternoclavicular joints. Due to the shoulder ’ s 
complex range of motion sequence, restrictions 
within any of these joints can signifi cantly impact 
the biomechanics of the entire kinetic chain. It is 
important to understand the normal arthrokinemat-
ics of the shoulder and its capsular restraints to best 
assess and treat ROM restrictions. 

 Humerothoracic motion can be divided into three 
main components (Rockwood  et al. ,  2004 ). The fi rst 
component is the articular surface of the gleno-
humeral ball and socket joint. The remaining two 
components are the bursal - lined surfaces known as 
the humeroscapular motion interface (HSMI) and 
the scapulothoracic motion interface (STMI). 

 Aside from bony surface changes that can occur 
with fracture or osteoarthritis, there are four major 
factors that can cause shoulder stiffness. The fi rst 
factor is contractures of the glenohumeral joint 
capsule and ligaments. This can signifi cantly restrict 
shoulder motion by reducing the normal glide of 
the humerus within the glenoid (arthrokinematic 
motion). Secondly, contractures of muscle – tendon 
units crossing the glenohumeral joint can reduce the 
roll of the humerus within the glenoid (physiologi-
cal motion). The third factor involves the necessary 
gliding of the tendons of the rotator cuff and biceps. 
Adhesions between the tendon surfaces and adja-
cent soft tissues can limit this gliding and reduces 
glenohumeral motion. The fourth factor involves 
any adhesions or soft tissue restriction of the 
scapulothoracic joint, as this can limit the three -
 dimensional motion of the scapula. 

 The capsulo - ligamentous restraints of the gleno-
humeral joint have received a lot of attention due 
to its signifi cant role in maintaining an important 
balance between stability and mobility. There is 
little capsular tension in the midranges of shoulder 
motion. However, as motion approaches end range, 
capsular tension increases. This helps to protect the 
rotator cuff tendons from excessive tensile loads 
(Rockwood  et al. ,  2004 ). In the presence of asym-
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have sought to compare the effectiveness of several 
exercises for the external rotators, supraspinatus 
and scapulothoracic musculature. The following 
sections will discuss each one in detail. 

  External  r otators 

 Several studies have been published to document 
the EMG activity of the glenohumeral musculature 
during specifi c shoulder exercises (Moynes  et al. , 
 1986 ; Blackburn  et al. ,  1990 ; Greenfi eld  et al. , 
 1990 ; Kronberg  et al. ,  1990 ; Bradley and Tibone, 
 1991 ; Townsend  et al. ,  1991 ; Worrell  et al. ,  1992 ; 
Ballantyne  et al. ,  1993 ; McCann  et al. ,  1993 ; 
Malanga  et al. ,  1996 ). Variations in experimental 
methodology have resulted in confl icting outcomes 
and controversy in exercise selection. 

 Exercises in the 90 °  of abduction position are 
often incorporated to simulate the position and 
strain on the shoulder during overhead activities 
such as throwing. This position produced moderate 
activity of the external rotators but also increased 
activity of the deltoid and supraspinatus to stabilise 
the shoulder. It appears that the amount of infrasp-
inatus and teres minor activity progressively 
decreases as the shoulder moves into an abducted 
position, while activity of the supraspinatus and 
deltoid increases. This may imply that as the arm 
moves into a position of less shoulder stability, the 
supraspinatus and deltoid are active to assist in the 
external rotation movement while providing some 
degree of glenohumeral stability through muscular 
contraction. 

 While standing, external rotation at 90 °  of 
abduction may have a functional advantage over 0 °  
of abduction and in the scapular plane due to the 
close replication of this position in sporting activi-
ties, the combination of abduction and external 
rotation places strain on the shoulder ’ s capsule, 
particularly the anterior band of the inferior gleno-
humeral ligament (O ’ Brien  et al. ,  1990 ; Scovazzo 
 et al. ,  1991 ). When the arm is not in an abducted 
position, external rotation places less strain on this 
portion of the joint capsule. Therefore, although 
muscle activity was low to moderate during exter-
nal rotation at 0 °  of abduction, this rehabilitation 
exercise may be worthwhile when strain of the infe-
rior glenohumeral ligament is of concern. Side lying 
may be the most optimal exercise to strengthen the 
external rotators, based on the highest amount of 
EMG activity observed during this study.  

 1997 ; Ludewig and Borstad,  2003 ; McClure  et al. , 
 2004 ; Andersen  et al. ,  2008 ; Roy  et al. ,  2008 ) have 
attempted to assess the effect of strengthening pro-
grammes on various pathologies; however results 
vary and may be limited to the inability to control 
a study of this magnitude. Several studies that have 
attempted to determine the most effective exercise 
to perform for specifi c musculature based on elec-
tromyographic (EMG) activity and biomechanical 
modelling will be discussed. 

 Rehabilitation programmes for the shoulder joint 
often focus on restoring strength and muscular 
balance, particularly of the rotator cuff and 
scapulothoracic joint. The majority of research 
regarding shoulder biomechanics has focused on 
quantifying the EMG activity of particular muscles 
during common rehabilitation exercises, the goal of 
which is to determine the most optimal exercise to 
recruit specifi c muscle activity. 

 Of 17 exercises studied by Townsend  et al.  
 (1991) , the authors recommend the following exer-
cises be included in shoulder rehabilitation pro-
grammes, on the basis of the high EMG activity of 
each muscle examined: (1) elevation in the scapular 
plane, (2) shoulder fl exion, (3) prone horizontal 
abduction with external rotation, and (4) press - up. 
It should be noted that the study did not include 
statistical analysis of muscle activity between exer-
cises; for example, the supraspinatus activity during 
the empty - can and full - can exercises. Therefore, 
comparison of muscle activity cannot be considered 
conclusive. Many studies have since expanded on 
the work of Townsend  et al.  In particular, studies 

     Figure 7.1     Passive external rotation stretching at 90 °  of 
abduction in the scapular plane.  
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deltoid activity, and thus superior humeral head 
migration, during the empty can exercise. 

 Therefore, based on the numerous EMG investi-
gations, the full - can exercise may be the best exer-
cise for the supraspinatus due to the moderate 
amounts of muscle activity with the least amount 
of pain provocation and surrounding muscle 
activation.  

  Subscapularis 

 The subscapularis provides anterior stabilization 
and assists the posterior rotator cuff with compres-
sion of the humeral head in the glenoid fossa during 
overhead and throwing activities (Glousman  et al. , 
 1988 ; Scovazzo  et al. ,  1991 ; Wilk  et al. ,  1997 ). 
While many shoulder rehabilitation programmes 
integrate internal rotation strengthening in the 
neutral position, recent evidence suggests that this 
may not be the most effective exercise for selectively 
strengthening the subscapularis. Several EMG 
studies have identifi ed exercises and shoulder posi-
tions that elicit the most muscle activity and may 
be important to consider in developing rehabilita-
tion programmes (Decker  et al. ,  2003 ; Suenaga 
 et al. ,  2003 ). 

 Decker  et al.   (2003)  evaluated EMG data for 
seven shoulder exercises with 15 healthy subjects in 
seven muscles including both upper and lower por-
tions of the subscapularis. They found that the 
push - up with a plus and a diagonal exercise moving 
from fl exion, abduction and external rotation to 
extension, adduction and internal rotation, consist-
ently elicited the most subscapularis activity in both 
the upper and lower portions. Furthermore, they 
found that the upper and lower portions of sub-
scapularis may function independently. Upper sub-
scapularis activity was greater during internal 
rotation at 90 °  of abduction while the lower portion 
was more active at neutral abduction. 

 Suenaga  et al.   (2003)  examined subscapularis 
activity during isometric and active internal rota-
tion at 0 °  and 90 °  of abduction. Using fi ne wire 
EMG, they report subscapularis activity at 12.1% 
of maximum voluntary contraction (MVC) at 90 °  
of abduction compared to 2.0% at 0 °  of abduction. 
In addition, pectoralis major activity was greater 
than all other internal rotators for active and iso-
metric contractions at 0 °  abduction. The results of 
this study suggest that larger muscle groups, such 
as the pectoralis, latissimus dorsi, and anterior 

  Supraspinatus and  d eltoid 

 Numerous investigations have studied the EMG 
activity of the supraspinatus during rehabilitation 
exercises ,and controversy exists regarding the 
optimal exercise to elicit muscle activity. Clinically, 
many authors have suggested that the empty - can 
exercise may provoke pain in many patients by 
encroaching on the soft tissue within the subacro-
mial space during this impingement type manoeu-
vre. Numerous authors have since compared the 
empty - can exercise with several other common 
supraspinatus exercises to determine if exercises 
that place the shoulder in less of a disadvantageous 
position elicit similar amounts of supraspinatus 
activity. 

 The effect of increased deltoid activity during 
arm elevation is a concern to rehabilitation special-
ists, especially when rehabilitating a patient with 
subacromial impingement or rotator cuff pathol-
ogy. Morrey  et al .  (1998)  examined the resultant 
force vectors of the deltoid and supraspinatus 
during arm elevation at various degrees of motion. 
Deltoid activity alone exhibited a superiorly orien-
tated force vector from 0 °  to 90 ° , and a compressive 
force on the glenohumeral joint at 120 – 150 ° . 
Conversely, the supraspinatus muscle produced a 
consistent compressive force throughout the range 
of elevation. In patients with ineffi cient subacro-
mial impingement, weak posterior rotator cuff 
muscles, ineffi cient dynamic stabilisation, and/or 
rotator cuff pathology, exercises that produce high 
levels of deltoid activity may be detrimental due to 
the amount of superior humeral head migration 
observed when the rotator cuff does not effi ciently 
compress the humeral head within the glenoid 
fossa. Therefore, exercises are often chosen to 
minimise the opportunity for the deltoid to over-
power the rotator cuff musculature during arm 
elevation. 

 Biomechanically, Poppen and Walker  (1978)  
examined the resultant force vectors of the gleno-
humeral joint during elevation with the arm posi-
tion in neutral, internal rotation ( ‘ empty can ’  
position) and external rotation ( ‘ full can ’  position). 
The authors report that at angles below 90 °  of 
abduction, the empty - can position resulted in a 
superiorly orientated force vector while the full - can 
position produced a compressive force from 0 °  to 
120 ° . These results may correlate well with the 
previously mentioned studies reporting increased 
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 (1992)  examined eight muscles, including the upper, 
middle and lower trapezius, levator scapula, rhom-
boids, pectoralis minor, and middle and lower ser-
ratus anterior, during 16 commonly performed 
exercises in nine healthy subjects. The authors 
reported the peak EMG activity for each muscle 
and noted that the majority of the muscles assisted 
in more than one scapular function. Based on the 
results of the study, the authors recommended a 
core programme of scapular strengthening exercises 
that included shoulder scaption, prone rowing, 
push - ups with a plus, and press - ups.  

  Serratus  a nterior 

 Decker  et al.   (1999)  looked more specifi cally at the 
EMG activity of the serratus anterior during eight 
common scapulohumeral exercises in 20 healthy 
subjects. The authors selected exercises that are 
typically performed below 90 °  of humeral eleva-
tion, a range of motion deemed safe for most 
patients with shoulder pathology. The exercises that 
elicited the greatest amount of serratus activity 
included the push - up with a plus, dynamic hug (Fig. 
 7.2 ), and a standing serratus anterior punch exer-
cise (Fig.  7.3 ).   

 Ekstrom  et al.   (2003)  studied EMG activity of 
the trapezius and serratus anterior during 10 differ-
ent exercises in 30 subjects. The authors identifi ed 
two exercises that yielded the most signifi cant EMG 

deltoid, are likely have a greater effect on gleno-
humeral internal rotation at 0 °  of abduction. 

 The aforementioned studies indicate that internal 
rotation exercises at 90 °  of abduction may be the 
most advantageous position to strengthen the sub-
scapularis while minimising contributions from 
larger muscle groups. Functional exercises such as 
the diagonal and push - up plus exercises should be 
considered at the appropriate stage of rehabilitation 
to strengthen the subscapularis and enhance gleno-
humeral stability.  

  Scapulothoracic  m usculature 

 The function of the scapulothoracic joint is critical 
for normal shoulder function. Several authors have 
noted that weakness or muscle imbalance of the 
scapular musculature can lead to altered scapular 
position and dyskinesis, which may be a factor in 
shoulder dysfunction such as glenohumeral insta-
bility and shoulder impingement (Ludewig and 
Cook,  2000 ; Cools  et al. ,  2003 ; Kibler and 
McMullen,  2003 ). The lower scapular stabilisers 
such as the serratus anterior, rhomboids, and middle 
and lower trapezius are the most commonly weak 
or inhibited muscles, and are often targeted in 
shoulder rehabilitation (Voight and Thomson, 
 2000 ). 

 The EMG activity of the scapulothoracic muscu-
lature has also been investigated. Moseley  et al.  

     Figure 7.2     Dynamic hug exercise. 
Using resistance, patient horizontally 
adducts the shoulder at 60 °  of elevation 
while protracting the scapula.  (a) (b)
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used shoulder strengthening exercises. The authors 
aimed to determine which exercise optimally 
recruited the lower trapezius, middle trapezius and 
serratus anterior with minimal participation of the 
upper trapezius. Based on the EMG analysis, the 
following exercises were suggested for high activa-
tion of the lower and middle trapezius with low 
activation of the upper trapezius: side lying external 
rotation, side lying forward fl exion, prone horizon-
tal abduction with external rotation and prone 
extension.   

  Proprioception 

 The effi cacy of proprioceptive training has received 
much attention in the orthopaedic community, 
demonstrating the ability to effectively enhance 
proprioception after injury and surgery in various 
joints (Lephart  et al. ,  1997 ; Mendelsohn  et al. , 
 2004 ; Fu and Hui - Chan,  2005 ; Risberg  et al. ,  2007 ; 
Panics  et al. ,  2008 ). While the lower extremity has 
been the subject of the bulk of the research in this 
area, there have been some studies on propriocep-
tion of the shoulder (Lephart  et al. ,  1992 ; Swanik 
 et al. ,  2002 ; Barden  et al. ,  2004 ) that have shown 
positive results. In order to train the proprioceptive 
system, it is important to fi rst understand the static 
and dynamic functions of shoulder stability and 
how they relate to shoulder function. 

 Functional stability of the glenohumeral joint is 
achieved through the precise interaction of both 
static and dynamic stabilisers. Due to the anatomi-
cal confi guration of the glenohumeral joint, static 
stability is compromised to allow for an increase in 
functional activities of the upper extremity. This 
compromise results in an increased demand of the 
dynamic shoulder stabilisers to control joint 
arthrokinematics. 

  Static  s tabilisers 

 Several passive mechanisms provide static stability 
of the glenohumeral joint (Wilk  et al. ,  1997 ). The 
fi rst mechanism is the osseous articulation between 
the humeral head and the glenoid fossa. The convex 
surface of the humeral head is approximately 
three to four times the size of the concave glenoid 
fossa, resulting in a signifi cant amount of available 

activity in the serratus anterior: (1) a diagonal exer-
cise with a combination of shoulder and horizontal 
fl exion, and (2) external rotation and standing 
shoulder scaption above 120 ° . EMG activity was 
greater for both exercises than with traditional 
straight plane scapular protraction, suggesting that 
strengthening programmes for serratus anterior 
should incorporate an element of protraction com-
bined with elevation.  

  Lower  t rapezius 

 Exercises designed to strengthen the lower trapezius 
are often desired in rehabilitation settings. One of 
the most effective exercises is the prone horizontal 
abduction with full glenohumeral external rotation. 
This exercise is often performed at 100 – 110 °  of 
abduction. However, Ekstrom  et al.   (2003)  identi-
fi ed, with EMG analysis, the prone arm raise in line 
with the fi bres of lower trapezius as the most effec-
tive exercise to recruit the lower trapezius. Thus it 
is important to watch the patient perform the 
exercise with direct visualisation of the scapula to 
determine the specifi c angle of lower trapezius 
insertion. 

 Cools  et al.   (2007)  investigated the balance ratio 
of the scapular musculature during 12 commonly 

     Figure 7.3     Serratus anterior punch. The patient elevates the 
arm to 90 °  and protracts the scapula against resistance.  
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involves the subscapularis and the posterior rotator 
cuff, the infraspinatus and teres minor. The second 
force couple of the glenohumeral joint involves the 
deltoid and the entire rotator cuff complex. These 
forces couples are active throughout the entire 
range of shoulder motion and serve to provide a 
dynamic symmetry of joint forces (Wilk  et al. , 
 1993 ). 

 The role of the surrounding glenohumeral mus-
culature in dynamic stabilisation is multifactorial. 
The precise interaction of the anterior and posterior 
rotator cuff musculature as well as the prime 
movers and the stabilising rotator cuff musculature 
is vital for normal glenohumeral joint arthrokine-
matics. The rotator cuff musculature also provides 
dynamic stabilisation through blending of the mus-
culotendinous tissue within the shoulder capsule, 
the second component of dynamic stabilisation 
(Clark and Harryman,  1992 ). Therefore, contrac-
tion of the rotator cuff produces tension within the 
joint capsule, centring the humeral head within the 
glenoid. 

 The third component to active glenohumeral 
joint stability is neuromuscular control of the 
shoulder. Neuromuscular control may be defi ned 
as the efferent or motor, output in reaction to 
afferent, or sensory, input (Lephart  et al. ,  1997 ; 
Wilk  et al. ,  1997 ; Myers and Lephart,  2000 ). Thus, 
afferent input is comprised of the ability to detect 
glenohumeral joint position (proprioception) 
and motion (kinaesthesia) in space, with subse-
quent efferent output to produce dynamic joint 
stabilisation. 

 The component of neuromuscular control 
appears to be critical in normal function, and 
thus drills designed to enhance proprioception, 
kinaesthesia, and dynamic stabilisation are empha-
sised when designing rehabilitation programmes. 
Furthermore, exercises to promote muscular endur-
ance may also assist in preventing abnormal gleno-
humeral joint translation by minimising muscle 
fatigue.   

  Aerobic  e xercise 

 It is important to consider aerobic exercises for the 
general health of any patient with shoulder pathol-
ogy. After a shoulder injury, patients are generally 
recommended to remain active with activities such 
as walking, riding a bike or jogging.    

glenohumeral rotation and translation, with 
minimal bony congruency (Soslowsky  et al. ,  1992 ). 
The second mechanism of static stability involves 
the glenoid labrum, which serves to deepen the 
glenoid fossa and enlarge the contact area of gleno-
humeral articulation. The labrum also serves as an 
attachment site of the glenohumeral joint capsule 
and ligaments, the third mechanism of static stabil-
ity. The joint capsule is enhanced with fi brous thick-
enings which form the glenohumeral ligaments and 
serve to reinforce the capsular tissue (Wilk  et al. , 
 1997 ). 

 The last two mechanisms of static stabilisation 
are intra - articular pressure and joint cohesion. The 
glenohumeral joint capsule is sealed airtight with 
negative intra - articular joint pressure and a small 
amount of joint fl uid providing passive stabilisation 
by a vacuum effect of viscous and intermolecular 
forces (Kumar and Balasubramaniam,  1985 ; 
Browne  et al. ,  1990 ; Matsen  et al. ,  1990 ; Gibb 
 et al. ,  1991 ; Habermeyer  et al. ,  1992 ; Wilk  et al. , 
 1997 ). 

 Several pathological conditions may compromise 
the static stability of the glenohumeral joint. Most 
common among athletes are capsulolabral injuries 
including labral degeneration, detachment of the 
superior labrum near the biceps tendon attachment 
(SLAP lesions), loose or redundant capsules, and 
Bankart lesions (Bison and Andrews,  1998 ; Meister, 
 2000 ; Wilk  et al. ,  2002 ). Any of these pathologies 
may have an effect of the static stability of the 
shoulder and may occur concomitantly with one 
another.  

  Dynamic  s tabilisers 

 Dynamic stabilisation of the glenohumeral joint is 
achieved through the interaction of several active 
mechanisms. The muscles primarily responsible for 
dynamic stabilisation are the rotator cuff (infrasp-
inatus, supraspinatus, teres minor, and subscapula-
ris), deltoid and long head of the biceps brachii 
(Wilk  et al. ,  1997, 2002 ). Secondary stabilisers 
include the pectoralis major, latissimus dorsi, and 
the scapulothoracic musculature (trapezius, rhom-
boids, serratus anterior, and pectoralis minor, and 
levator scapulae) (Wilk  et al. ,  1997 ). 

 The fi rst mechanism of dynamic stabilisation is 
the interaction of glenohumeral joint force couples. 
Inman  et al.   (1996)  described two force couples of 
the glenohumeral joint. The fi rst force couple 



The Shoulder Complex 101

lagen tissue and the stimulation of joint mechanore-
ceptors, and may assist in the neuromodulation of 
pain. The rehabilitation programme should allow 
for progressive applied loads, beginning with gentle 
passive range of motion. Active - assisted ROM 
exercises are instructed to the patient including 
cane or L - Bar (Breg Corporation, Vista, CA, USA) 
range of motion for fl exion, external rotation, and 
internal rotation (Fig.  7.4 ). As the patient advances, 
fl exion progresses as tolerated and shoulder rota-
tion ROM is progressed from 0 °  of abduction to 
30 °  and 45 °  of abduction. Also, pendulum, and 
rope and pulley, exercises are used as needed.   

 Self - capsular stretches may be performed for the 
anterior, posterior, and inferior glenohumeral joint 
complex as appropriate. Also, gentle joint mobiliza-
tion and contract - relax or hold - relax stretching 
techniques may be performed during the early 
stages of rehabilitation for pain modulation and to 
maintain symmetrical capsular mobility. 

 Strengthening begins with submaximal, pain - free 
isometrics for shoulder fl exion, extension, abduc-
tion, external rotation, internal rotation, and elbow 
fl exion. Isometrics are used to retard muscular 
atrophy and restore voluntary muscular control, 
while avoiding detrimental shoulder forces. 
Isometrics should be performed at multiple angles 
throughout the available range of motion, with par-
ticular emphasis on contraction at the end of the 
currently available range of motion. 

 Manual rhythmic stabilisation drills are per-
formed for the shoulder internal and external rota-
tors with the arm in the scapular plane at 30 °  of 

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

  Functional  r ehabilitation of the 
 s houlder: Clinical  a pplication of 
 d ynamic  s tabilisation 

 The rehabilitation process for shoulder injuries 
must include the restoration of ROM, muscular 
strength, muscular endurance, as well as a gradual 
restoration of proprioception, dynamic stability 
and neuromuscular control. As the patient 
advances, functional or sport - specifi c drills are 
emphasised to prepare for a gradual return to activ-
ity. Neuromuscular control drills are performed 
throughout and advanced as the patient progresses 
to provide continuous challenge to the neuromus-
cular control system. The following section pro-
vides an overview of a functional rehabilitation 
progression for patients following injury or opera-
tive procedure. The programme is divided into four 
separate phases with specifi c goals and criteria for 
advancement for each phase. The use of a criteria -
 based rehabilitation programme allows for its indi-
vidualisation for each patient and specifi c pathology 
or surgical procedure. Alterations in exercise activi-
ties, positioning and rate of progression are based 
on the type of injury, surgical procedure performed, 
healing constraints involved and the tissues that are 
being stressed during rehabilitation.  

  Acute  p hase 

 The acute phase of rehabilitation begins immedi-
ately following injury or surgery. The duration of 
the acute phase is dependent on the healing 
constraints of the involved pathological tissues. 
Rehabilitation precautions will vary based on the 
exact pathology and any postoperative limitations. 
The initial goals of the acute phase are to diminish 
pain and infl ammation, and progress to include the 
normalization of motion and muscular balance, 
and the restoration of baseline proprioceptive and 
kinaesthetic awareness. 

 ROM exercises are performed immediately in a 
restricted ROM, based on the theory that motion 
assists in the enhancement and organisation of col-

     Figure 7.4     Active - assist range of motion with external rota-
tion at 45 °  of abduction in the scapular plane.  
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able degrees throughout the available range of 
motion and notes the accuracy of the patient. 

 Also performed during the acute phase is weight -
 bearing, or axial compression exercises. Initial exer-
cises are performed below shoulder level, such as 
weight - bearing on a table while standing. The 
patient may perform weight shifts in the anterior/
posterior and medial/lateral directions. Rhythmic 
stabilisations may also be performed during weight 
shifting. As the patient progresses, a medium - sized 
ball may be placed on the table and weight shifts 
may be performed on the ball. Weight - bearing exer-
cises are progressed from the table to the quadru-
ped position. 

 Once the acute pain has subsided, the patient 
may begin aerobic exercise such as walking, or 
riding on a stationary bike at low resistance. This 
can be progressed in intensity and duration accord-
ing to the patient ’ s tolerance. Modalities including 
ice, high - voltage stimulation, ultrasound and non -
 steroidal anti - infl ammatory medications may also 
be employed as needed to control pain and 
infl ammation.  

  Intermediate  p hase 

 The intermediate phase begins once the patient has 
regained near - normal passive motion and suffi cient 
balance of strength of the shoulder musculature. 
Baseline proprioception, kinaesthesia, and dynamic 
stabilisation are also needed before progressing, as 
emphasis will now be placed on regaining these 
sensory modalities throughout the patient ’ s full 
ROM, particularly at end range. The goals of the 
intermediate phase are to enhance functional 
dynamic stability, re - establish neuromuscular 
control, restore muscular strength and balance, and 
to regain and maintain full ROM. 

 ROM exercises are continued and the athlete is 
encouraged to perform active - assisted ROM with a 
cane or L - bar to maintain motion. External and 
internal ROM may be performed at 90 °  of abduc-
tion. Joint mobilisations and self - capsular stretches 
are performed as necessary to prevent asymmetrical 
glenohumeral joint capsular tightness. 

 Strengthening exercises are advanced to include 
external and internal rotation with exercise tubing 
at 0 °  of abduction and active ROM exercises 
against gravity. These exercises initially include 

abduction. Alternating isometric contractions are 
performed to facilitate co - contraction of the ante-
rior and posterior rotator cuff musculature. 
Rhythmic stabilisation drills may also be performed 
with the patient supine and arm elevated to approx-
imately 90 – 100 °  and 10 °  of horizontal abduction. 
This position is chosen for the initiation of these 
drills due to the combined centralised line of pull 
of both the rotator cuff and deltoid musculature at 
this angle, causing a humeral head compressive 
force during muscle contraction. The rehabilitation 
specialist employs alternating isometric contrac-
tions in the fl exion, extension, horizontal abduc-
tion, and horizontal adduction planes of motion. 
As the patient progresses, the drills can be per-
formed at variable degrees of elevation such as 45 °  
and 120 °  (Fig.  7.5 ).   

 Active ROM activities are permitted when ade-
quate muscular strength and balance has been 
achieved. Active motion is initiated in the acute 
phase with joint reproduction exercises. With the 
patient ’ s eyes closed, the rehabilitation specialist 
passively moves the upper extremity in the planes 
of fl exion, external rotation and internal rotation, 
pauses, and then returns the extremity to the start-
ing position. The patient is then instructed to 
actively reposition the upper extremity to the previ-
ous location. The rehabilitation specialist may 
perform these joint repositioning activities in vari-

     Figure 7.5     Rhythmic stabilisation at 120 °  of elevation.  
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 Scapular strengthening and neuromuscular 
control are also critical to regaining full dynamic 
stability of the glenohumeral joint. The scapular 
functions to provide a stable base of support for 
distal upper extremity movement and serves as a 
site of attachment for the stabilizing musculature of 
the shoulder. Thus exercises are performed to 
enhance scapulothoracic function. Isotonic exer-
cises for the scapulothoracic joint are performed as 

standing scaption in external rotation (full can) 
(Fig.  7.6 ), standing abduction, side lying external 
rotation, and prone rowing. As strength returns, the 
program may be advanced to a programme that 
includes full upper extremity strengthening with 
emphasis on posterior rotator cuff and scapular 
strengthening   

 Isolated rhythmic stabilisation exercises are per-
formed during the early part of the intermediate 
phase. Drills performed in the acute phase may be 
progressed to include stabilisation at end ranges of 
motion and with the patient ’ s eyes closed. 
Proprioceptive neuromuscular facilitation (PNF) 
patterns are performed in the patient ’ s available 
ROM and progressed to include full arcs of motion. 
Rhythmic stabilisations may be incorporated in 
various degrees of elevation during the PNF pat-
terns to promote dynamic stabilisation. 

 Also performed during the intermediate phase is 
manual resistance to external rotation. By applying 
manual resistance to specifi c exercises, the rehabili-
tation specialist can vary the amount of resistance 
throughout the range of motion and incorporate 
concentric and eccentric contractions, as well as 
rhythmic stabilisations at end range (Fig.  7.7 ). The 
application of manual resistance assists in the rein-
forcement of proper resistance, form, and cadence 
based on the symptoms of each patient. As the 
patient regains strength and neuromuscular control, 
external and internal rotation with tubing may be 
performed at 90 °  of abduction (Fig.  7.8 ). All stabi-
lization drills may be advanced by removing the 
patient ’ s visual stimulus.   

     Figure 7.6     Full - can: standing scaption with external 
rotation.  

     Figure 7.7     Manual resistance of external rotation both con-
centrically and eccentrically at patient ’ s side.  

     Figure 7.8     External rotation with tubing at 90 °  of 
abduction.  
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and quadruped exercises using a towel around the 
hand, slide board or unstable surface.   

 Aerobic exercise can be progressed to moderate 
intensity exercises such as jogging or exercising on 
a cross - training machine such as an elliptical trainer. 
The patient may fi nd it more comfortable to start 
on the elliptical with the arms stabilized, working 
the legs only. The upper extremities can be gradu-
ally incorporated into the exercise according to the 
patient ’ s tolerance.  

  Advanced  p hase 

 The third phase of a functional rehabilitation pro-
gramme, the advanced phase, is designed to advance 
the patient through a series of progressive strength-
ening and neuromuscular control activities, while 
preparing the patient to begin a gradual return to 
full activity. Criteria to enter this phase include 
minimal pain and tenderness, full ROM, symmetri-
cal capsular mobility, good (4/5 on manual muscle 
testing) strength and endurance of the upper 
extremity and scapulothoracic musculature, and 
suffi cient dynamic stabilisation. 

 Full motion and capsular mobility are main-
tained through ROM and self - stretching techniques. 
These include manual stretching and L - bar exer-
cises. Specifi c emphasis on soft tissue mobility of 
the posterior musculotendinous structures should 
be made through exercises such as horizontal 
adduction stretching while stabilising the scapula 
(Fig.  7.11 ).   

 Strengthening exercises for the entire shoulder 
complex as well as exercises for the lower extremi-
ties and trunk are continued with a gradual increase 
in resistance. Exercises such as internal and external 
rotation with exercises tubing at 90 °  of abduction 
may be progressed to also incorporate eccentric and 
higher speed contractions. Aggressive strengthening 
of the upper body may also be initiated depending 
on the needs of the individual patient. Common 
exercises include isotonic weight machine exercises 
such as bench press, seated row, and latissimus pull 
downs within a restricted ROM. During bench 
press and seated row, the patient is instructed to not 
extend the upper extremities beyond the plane of 
the body to minimise stress of the shoulder capsule. 
Latissimus pull downs are performed in front of the 
head and the patient is instructed to avoid full 

well as manual resistance prone rowing. Also, neu-
romuscular control drills and PNF patterns may be 
applied to the scapular. 

 Axial compression exercises are also advanced. 
Weight shifting on a ball is progressed to a push - up 
on a ball or unstable surface on a tabletop (Fig. 
 7.9 ). Rhythmic stabilisations can be performed by 
the rehabilitation specialist at the upper extremity 
as well. Wall stabilisation drills are performed with 
the patient ’ s hand on a small ball (Fig.  7.10 ). 
Further axial compression exercises include table 

     Figure 7.9     Push - up on ball.  

     Figure 7.10     Axial compression of the upper extremity on a 
ball versus the wall. The therapist applies alternating rhyth-
mic stabilisation to the upper extremity.  



The Shoulder Complex 105

Del Ray, CA, USA), Thera - Band ®  Resistance Bar 
(Thera - Band, Akron, OH, USA), or other manufac-
tured or self - made devices. Rhythmic oscillations 
can be incorporated into exercise tubing and 
manual resistance exercises to develop stability and 
muscular endurance in a variety of positions. 
Oscillations may also be performed during quadru-
ped or tripled exercises using the uninvolved 
extremity. 

 Dynamic stabilisation and neuromuscular control 
drills are progressed to include reactive neuromus-
cular control drills and functional, sport - specifi c 
positions. Concentric and eccentric manual resist-
ance may be applied as the patient performs exter-
nal rotation with exercise tubing with the arm at 
0 °  of abduction. Rhythmic stabilisations may be 

extension of the arms to minimise the amount of 
traction force applied to the upper extremities. 

 Plyometric activities for the upper extremity may 
be initiated during this phase as well to train the 
upper extremity to produce and dissipate forces. 
Plyometric exercises are initially performed with 
two - hands. Specifi c exercises include a chest pass, 
overhead throw, and alternating side - to - side throw 
with a 1 – 2   kg (or 3 – 5   lb) medicine ball. Two - hand 
drills are progressed to one - hand drills as tolerated 
by the athlete, usually between 10 and 14 days fol-
lowing the initiation of two - hand drills. Specifi c 
one - hand plyometrics include baseball style throws 
in the 90/90 position with a 1   kg (or 2   lb) ball (Fig. 
 7.12 ) and stationary and semi - circle wall dribbles. 
Wall dribbles are also benefi cial to increase upper 
extremity endurance while overhead and may be 
progressed to include dribbles in the 90/90 
position.   

 Axial compression exercises are progressed to 
include the quadruped and tripled positions. 
Rhythmic stabilisations of the involved extremity 
as well as at the core and trunk may be applied. 
Unstable surfaces, such as tilt boards, foam, large 
exercise balls, or the Biodex stability system (Biodex 
Corp., Shirley, NY, USA) may be incorporated to 
further challenge the patient ’ s stability system while 
in the closed chain position (Figs  7.13  and  7.14 ).   

 Rhythmic oscillations may also be incorporated 
into the exercise programme through the use several 
tools such as the Bodyblade (Hymanson Inc., Playa 

     Figure 7.11     Horizontal adduction stretch of posterior soft 
tissue. The therapist manually stabilises the scapula from 
moving during stretch.  

     Figure 7.12     Wall dribbling. One - handed plyometrics in the 
90/90 position.  

     Figure 7.13     Push - up on unstable surface.  
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nal rotation end range. These drills are designed to 
impart a sudden perturbation to the throwing 
shoulder at near end range to develop the athlete ’ s 
ability to dynamically stabilise the shoulder to 
prevent the shoulder from translating into excessive 
ranges of motion.   

 Near the end of the advanced phase, the patient 
may begin basic sport - specifi c drills. Various activi-
ties such as underweight and overweight ball 
throwing or swinging for baseball, golf, and tennis 
players may be performed. Upper extremity aerobic 
activities such as swimming or rowing can be 
initiated.  

  Return to  a ctivity  p hase 

 Upon the completion of the previously outlined 
rehabilitation programme and the successful evalu-
ation of the injured shoulder, the patient may begin 
the fi nal phase of the rehabilitation programme, the 
return to activity phase. Specifi c criteria during the 
clinical exam that needs to be met to begin an 
interval return to work or sport programme include 
minimal complaints of pain or tenderness, full 
ROM, balanced capsular mobility, adequate prop-
rioception, dynamic stabilisation, and neuromuscu-
lar control, and full muscular strength and 
endurance based on an isokinetic examination. 

 Several authors have advocated an interval return 
to sport activities (Axe  et al. ,  1996 ; Ellenbecker and 
Mattalino,  1997 ; Axe  et al. ,  2001 ; Wilk  et al. , 
 2001 ; Reinold  et al. ,  2002 ). Interval sport pro-
grammes are designed to gradually return motion, 
function and confi dence in the upper extremity 
after injury or surgery by slowly progressing 
through graduated sport - specifi c activities. These 
programmes are intended to gradually return the 
overhead athletes to full athletic competition as 
quickly and safely as possible. An athlete is allowed 
to begin an interval sport programme following a 
satisfactory clinical examination.  

  Conclusion 

 The shoulder joint complex is inherently unstable 
and must interact with the neuromuscular control 

included at end range to challenge the patient to 
stabilise against the force of the tubing as well as 
the therapist. This exercise may be progressed to 
the 90/90 position to require the patient to stabilise 
the shoulder at end range in a more sport - specifi c 
position (Fig.  7.15 ). Also, rhythmic stabilisations 
may be applied at end range during the 90/90 wall 
dribble exercise. The patient performs a predeter-
mined number of repetitions before the therapist 
implies a series of rhythmic stabilisations at exter-

     Figure 7.15     Rhythmic stabilization in sports - specifi c posi-
tion (90 ° /90 ° ).  

     Figure 7.14     External rotation with exercise tubing at side 
while standing on an unstable surface for added trunk and 
lower extremity stabilisation.  
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system to perform optimally while minimising the 
risk for injury. Based on a sound understanding of 
the anatomy and biomechanics of the shoulder 
joint, comprehensive rehabilitation should include 
proprioception, dynamic stabilisation, and neu-
romuscular control drills to establish full range of 

motion, balanced capsular mobility, and maximal 
muscular strength and endurance. A functional 
approach to rehabilitation, using activity - specifi c 
exercises, minimises injury risk and ensures a 
gradual return to activity.   

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS             

  Impingement 

  A 35 - year - old man presents with a complaint of 
right shoulder pain and stiffness following a 
weekend of home redecorating and painting 3 
weeks ago. During the week he works at a com-
puter for the majority of the day. Examination 
reveals a forward head posture with increased 
thoracic kyphosis and protracted ,  anterior - tilted 
scapula ,  superior pain with end range right shoul-
der fl exion ,  weak and painful right full - can and 
external rotator strength (4/5) and decreased 
strength of the scapular retractors and upward 
rotators (4/5). Flexibility testing reveals decreased 
length of the pectoral muscles and anterior cervi-
cal musculature. Cervical mobility is within 
normal limits and pain - free.   

  Management 

 This patient presents with clinical fi ndings sugges-
tive of impingement syndrome, with symptoms 
exacerbated by a weekend of intense and repeti-
tive upper extremity activity. The early stage of 
rehabilitation should include postural retraining 
with exercise activities to address cervico - thoracic 
and scapular alignment, stretching of the pectoral 
muscles, and initiation of basic rotator cuff 

strengthening. Patient education should focus on 
proper reach technique to avoid provoking 
positions/activities. Other modalities such as ice, 
ultrasound, electrical stimulation or non - steroidal 
anti - infl ammatories may be used for symptom 
management. 

 As the acute reactivity calms and full pain - free 
ROM returns, the patient moves into the interme-
diate phase of rehabilitation, during which rotator 
cuff and scapular strengthening is advanced with 
increased level of resistance and position from 
neutral to shoulder height and above. Focus is 
placed on proper postural alignment and scapu-
lohumeral rhythm during each exercise activity. 
Emphasis is placed on strengthening the external 
rotators and lower trapezius. 

 The advanced phase of rehabilitation should 
focus on strength and control through functional 
ranges for tasks such as overhead reaching, lifting, 
pushing and pulling. PNF D2 patterns may be 
helpful in engaging multiple muscle groups, 
including supportive trunk musculature. The 
patient should be observed performing overhead 
tasks with attention paid to postural alignment 
and proper scapulohumeral control. 

 As the patient gradually returns to his normal 
daily and recreational activities, he should con-
tinue a basic exercise regimen to minimise return 
of symptoms or a re - injury.  

 Case study 1 
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  Instability 

  An 18 - year - old female cheerleader presents with 
recurrent anterior glenohumeral subluxations , 
 which limits her ability to participate in cheerlead-
ing. She has had three subluxations over the past 
year. Examination reveals excessive ROM in all 
directions with multi - directional glenohumeral 
joint laxity. She is also systemically hypermobile. 
She has decreased external rotation and fl exion 
strength (4  −  /5) and poor scapular stability with 
scapular winging at rest, which is increased with 
upper extremity weight - bearing and resisted 
shoulder testing.   

  Management 

 Early treatment of this patient needs to address 
her issues of rotator cuff and peri - scapular muscle 
control. Postural education with a focus on acti-
vation of middle and lower trapezius to achieve 
neutral scapular positioning can be initiated in 
side lying. Stabilization and activation of these 
muscles can be progressed into manually resisted 
PNF diagonal patterns. Rhythmic stabilisation 
exercises for internal/external rotators can be per-
formed with manual resistance in supine with the 
shoulder in resting position (scapular plane, 30 °  
of abduction). Similarly, rhythmic stabilisation 
can be performed in elevation (supine 100 °  of 
fl exion, slight horizontal abduction). An impor-

tant consideration throughout this patient ’ s rehab 
is the strength and control of her core trunk and 
lower extremities. Initially any strength defi cits 
can be worked on in isolation, but must be inte-
grated with the shoulder in the later stages of 
treatment. 

 Once the patient is able to consistently stabilise 
her scapula and humeral head, resistance can 
increase to isotonic exercises in standing, side 
lying and prone. Weight and elastic resistance can 
be progressed as tolerated. Initial focus of this 
phase, however, should be on form and control 
with lower load and higher repetition. 

 Weight - bearing exercises can also be initiated 
at this point to further challenge the patient ’ s sta-
bility while recruiting multiple large and small 
muscle groups around the shoulder and creating 
axial compression. These exercises should start 
below shoulder height on a stable surface but need 
to be progressed to and above shoulder height. 
Decreasing the stability of the surface and/or 
adding manual resistance can add further 
challenge. 

 The fi nal phase of rehabilitation for this patient 
needs to prepare her for a return to sports. 
Strengthening exercises from earlier phases can be 
progressed in terms of resistance (with decreased 
repetitions), but they also must be taken through 
larger ROMs (e.g. PNF shoulder diagonals). The 
patient should gradually resume individual activi-
ties in practice and eventually progress to full 
participation with other team members.  

 Case study 2 

  Proximal  h umeral  f racture 

  A 72 - year - old woman presents with a right proxi-
mal humeral fracture following a fall on ice 6 
weeks ago. Examination reveals limited active 
and passive range of motion of the shoulder in all 
planes and increased kyphotic posture and 
forward head. She appears guarded with basic 
mobility tasks using her right upper extremity. 

Full shoulder strength testing deferred given frac-
ture status but rotator cuff appears intact (nega-
tive drop arm and lag tests).   

  Management 

 The patient is referred to physiotherapy, following 
a period of prolonged immobilization in a sling. 

 Case study 3 



The Shoulder Complex 109

   (8)   List the static and dynamic stabilisers of the 
shoulder.   

   (9)   Describe important force couples of the 
shoulder.   

   (10)   Outline goals and treatment progression of an 
overhead athlete in the return to activity phase 
of rehabilitation.       
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  Student  q uestions 

           (1)   Describe the three components of humerotho-
racic motion and one specifi c pathology or 
impairment that could impact each.   

   (2)   List the capsule - ligamentous structures of the 
glenohumeral joint and the respective motions 
that excessive tightness in each would restrict.   

   (3)   Describe an appropriate intervention for tight-
ness in each of the capsular regions of the 
glenohumeral joint.   

   (4)   Describe factors that would infl uence clinical 
decision making around in the intensity of 
ROM/stretching exercise.   

   (5)   Why is the  ‘ full - can ’  exercise preferable to the 
 ‘ empty - can ’  exercise?   

   (6)   List exercises most effective in eliciting the 
external rotators of the shoulder.   

   (7)   List strengthening exercises that optimise a 
proper balance ratio of the peri - scapular 
musculature.   

During this period the patient performed gentle 
elbow motion out of the sling to minimize stiff-
ness and frequent ball squeezes to promote 
circulation. 

 During the initial phase of rehabilitation and 
mobilisation the patient is instructed in pendulum 
exercises and scapular retraction with sternal 
elevation exercises. Passive ROM exercises are 
initiated with caution regarding pain and the prin-
ciples of bony healing, given patient ’ s age, severity 
of fracture and location of fracture site. Joint 
mobilisations are also avoided at this point for the 
same reason. Flexion, external rotation and inter-
nal rotation are the primary motions of focus 
during this phase. 

 During the intermittent phase (usually deter-
mined by bony healing via X - ray) the focus is 
shifted to active - assist and active ROM with an 
emphasis on functional tasks to increase the 
patient ’ s confi dence and use of the right extremity 
for activities of daily living. Interventions can 
range from supine active - assistive exercises 
(similar to passive exercises) to side lying and 

standing active motions. Patient position is 
manipulated to vary the effect of gravity on the 
arm in order to increase or decrease the challenge 
to the shoulder musculature. To further improve 
the functional benefi t of these types of exercises, 
the patient can be given objects or targets to reach 
and/or grasp towards the limits of her ROM. The 
use of PNF diagonals can also be helpful in this 
regard. 

 During the advanced phase, once good bony 
healing has occurred, basic rotator cuff and 
scapular strength is initiated. Attention should be 
paid to scapular alignment and mechanics to opti-
mise available upper quarter motion. These exer-
cises are begun at the patient ’ s side and progressed 
to elevated positions as the patient ’ s control and 
tolerance improves. Depending on the extent of 
pain or weakness, these exercises may need to be 
progressed from isometric to isotonic exercises. 
PNF patterns with manual resistance, and eventu-
ally band or weight resistance, may also be 
benefi cial.  

Case study 3—cont’d
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  8 The Elbow and Forearm Complex  

  Bill     Vicenzino   ,    Michelle     Smith    and    Leanne     Bisset       

   SECTION 1: INTRODUCTION 
AND BACKGROUND 

    It is essential that the elbow and forearm complex, 
an important link in the upper kinetic chain, func-
tions optimally in order to enable participation in 
activities of work, sport, leisure and daily living. 
This region is more commonly affl icted by overuse 
or insidious injuries of the soft tissues (e.g., tennis 
elbow, medial ulnar collateral ligament (UCL) 
instability) than by fractures and dislocations. 
However, it is noteworthy to consider that the latter 
can be very debilitating and challenging to 
rehabilitate. 

 Restoration of function and participation in 
activities of daily living following any injury to the 
elbow and forearm are largely achieved through 
exercise therapy. The successful application of exer-
cise therapy is reliant upon the selection of specifi c 
exercises to bring about adaptations that are com-
mensurate with goals of rehabilitation that have 
been agreed on by the patient and practitioner. 
Exercise therapy for the elbow and forearm can be 
compartmentalised using an outcome - based per-
spective (schema) into the following categories: (1) 
exercises geared at improving general aerobic 

fi tness; (2) exercises that aim to restore muscle 
length and joint range of motion; (3) exercises that 
aim to improve endurance, strength and power of 
elbow and forearm muscles; and (4) exercises that 
seek to normalise elbow and forearm co - ordination 
and proprioception. 

 Regardless of the focus of the exercise, there are 
some fundamental principles that must be followed 
for effective application of exercise therapy. An 
initial assessment is mandatory in order to establish 
baseline measures of performance and to identify 
specifi c defi cits and impairments that need to be 
addressed. This requires assessment of local and 
regional muscle performance as well as global func-
tion and work/sport specifi c skills. For example, 
optimal assessment of a tennis player may require 
analysis of the different tennis strokes to identify 
muscle weakness and/or problems with co -
 ordination that can be addressed with exercise 
therapy. Continual assessment must also occur 
throughout the rehabilitation programme to ensure 
correct exercise performance and to determine the 
need for exercise progression or modifi cation. At 
both the initial and follow - up assessments, it is 
important to ascertain the phase of healing and 
degree of severity of the condition in terms of 
impairments in the neuro - musculoskeletal and sen-

Exercise Therapy in the Management of Musculoskeletal Disorders, First Edition. Edited by Fiona Wilson, John Gormley 
and Juliette Hussey.
© 2011 Blackwell Publishing Ltd



114 Exercise Therapy in the Management of Musculoskeletal Disorders

 1981 ; Wilk  et al. ,  1993 ). The elbow is an inherently 
stable joint due to the congruency of its articula-
tions. The primary restraints of the elbow include 
the ulnohumeral joint and collateral ligaments, and 
the secondary restraints include the radial head, 
fl exor pronator origin, common extensor origin 
and joint capsule (Saati and McKee,  2004 ). The 
UCL provides approximately 54% of the elbow ’ s 
resistance to valgus forces, followed by the articula-
tion of the radial head with the capitellum and 
proximal ulna (Morrey and An,  1983 ; Cook and 
McKee,  2003 ).   

 In order to cover exercise therapy for muscu-
loskeletal conditions of the elbow and forearm 
complex, it is instructive to discuss a range of dis-
orders from acute traumatic injuries of the bone 
and ligaments through to overuse injuries of the 
soft tissues. This chapter will review the epidemiol-
ogy, aetiology, neuro - musculoskeletal and pain 
system impairments, and evidence for exercise 
therapy for fracture and dislocation of the elbow, 
ligament injures and tennis elbow. Impairments that 
relate to these conditions and are relevant to exer-
cise will be highlighted. In brief, the sequelae of the 
acute management of fracture/dislocations, which 
requires some period of immobilisation, will require 
exercises that focus on regaining range of motion 
and strength. In contrast, overuse/insidious onset 
injuries will focus less on range of motion and more 

sorimotor systems. These factors are critical in 
planning, implementing and monitoring exercise 
prescription and progression. All exercises should 
be pain - free and performed with correct trunk and 
upper limb alignment. If these criteria are not met, 
exercises must be adjusted by altering exercise 
parameters such as the amount of resistance, degree 
of diffi culty and patient position. 

 Interestingly, as opposed to the spine, there appears 
to be little emphasis on the benefi ts of general aerobic 
exercises for individuals with elbow and forearm 
conditions. Notwithstanding this, it is important 
to consider general body fi tness (i.e. aerobic, anaero-
bic) as well as forequarter fi tness (i.e., strength, 
endurance, posture) when managing patients with 
isolated injuries to the elbow and forearm. 

 The prescription of exercises for musculoskeletal 
disorders of the elbow and forearm complex 
requires the practitioner to be cognisant of salient 
elbow and forearm anatomy (Fig.  8.1 ). In brief, 
the elbow comprises three distinct articulations: 
the radiocapitellar (radiohumeral), ulnotrochlear 
(ulnohumeral), and proximal radioulnar joints. The 
two principal arcs of motion are fl exion (135 – 145 ° )/
extension (0 – 5 ° ) and supination (85 ° )/pronation 
(75 ° ) (Oatis,  2004 ; Lockard,  2006 ). In day - to - day 
function most people only use 30 – 130 °  of extension/
fl exion and 50 °  pronation/supination; however, 
athletes often require much more (Morrey  et al. , 

     Figure 8.1     Schematic of the anatomy of 
the elbow (pitcher with inset). Based on a 
drawing by Timothy Salmond.  



The Elbow and Forearm Complex 115

 Although there is a dearth of studies outlining 
the best practice approach to managing acute elbow 
injuries, it is generally agreed that a stable reduction 
post - dislocation and/or a stable fracture site is best 
managed conservatively (i.e. casting/bracing), and 
unstable injuries are best managed with open reduc-
tion and internal fi xation (Case and Hennrikus, 
 1997 ; Frankle  et al. ,  1999 ; Ross  et al. ,  1999 ; Liow 
 et al. ,  2002 ; Saati and McKee,  2004 ; Sheps  et al. , 
 2004 ; Bano and Kahlon,  2006 ). 

 The long - term sequelae of acute traumatic 
injuries of the elbow include loss of range of 
motion (particularly extension), decreased force 
production, recurrent instability, heterotopic ossifi -
cation, neurovascular problems and chronic pain 
(Protzman,  1978 ; Case and Hennrikus,  1997 ; 
Frankle  et al. ,  1999 ; Liow  et al. ,  2002 ; Sheps  et al. , 
 2004 ; Casavant and Hastings,  2006 ). The degree of 
loss of motion is related to the duration of elbow 
immobilisation (Protzman,  1978 ). Heterotopic 
ossifi cation in soft tissues is more common follow-
ing a severe injury with concomitant neural or 
thermal injuries, and presents with progressive loss 
of range of motion and/or diffi culty in regaining 
range of motion (Casavant and Hastings,  2006 ). 
Although there is a lack of quality clinical trials 
examining the most appropriate management of 
heterotopic ossifi cation, there is some evidence to 
suggest that it is not exacerbated by early move-
ment (Wharton and Morgan,  1970 ; Stover  et al. , 
 1975 ).  

  The  e vidence for  e xercise  t herapy 
 p ost -  d islocation and  f racture 

 The evidence base for the rehabilitation of elbow 
dislocations is limited to non - randomised case 
series and review papers. It suggests that early 
active/active - assisted range of motion exercises 
are essential for the restoration of elbow function 
(Ross  et al. ,  1999 ) and are associated with good 
long - term results and low risk of re - injury (Mehlhoff 
 et al. ,  1988 ). 

 An early range of motion protocol is also consid-
ered to be optimal for stable fractures that have 
been managed non - operatively and fractures in 
which a congruous reduction and stable fi xation 
have been attained. Early active mobilisation is 
imperative to avoid complications associated with 
immobilisation, such as pain and loss of motion 

on restoring muscle strength, endurance and power, 
and retraining co - ordination and proprioception. 
Thus, this chapter will provide practical guidelines 
for exercise prescription for post fracture/dislocation 
of the elbow, ligamentous instability of the elbow 
and tennis elbow.  

  Acute  t raumatic  i njuries 
of  b one and  l igaments 

 The elbow is the second most commonly dislocated 
joint in adults (Sobel and Nirschl,  1996 ) and 
the most commonly dislocated joint in children 
(Sobel and Nirschl,  1996 ; O ’ Driscoll,  2000 ), with 
dislocation typically occurring in a posterior or pos-
terolateral direction. Elbow dislocations are most 
prevalent in sports such as cycling, gymnastics, 
football and wrestling (Sobel and Nirschl,  1996 ), 
and are commonly caused by a fall on the out-
stretched hand, hyperextension of the elbow, or a 
combination of valgus, supination and external 
rotation of the forearm during axial loading (Sheps 
 et al. ,  2004 ). The structures involved in an elbow 
dislocation vary (Sheps  et al. ,  2004 ) and may 
include rupture or avulsion of the collateral liga-
ments, tearing of the capsule or brachialis muscle 
and fracture of the medial epicondyle (Mehlhoff 
 et al. ,  1988 ; Hotchkiss,  1997 ; O ’ Driscoll,  2000 ). 
Isolated dislocation of the radial head is unlikely, 
although subluxation of the radial head may present 
in young children (Sobel and Nirschl,  1996 ). To 
optimise outcomes, the specifi c structures damaged 
must be taken into consideration when planning 
rehabilitation. 

 A radial head fracture is the most common 
fracture in the elbow (Herbertsson  et al. ,  2005 ; 
Bano and Kahlon,  2006 ). The mechanism of injury 
for fractures is similar to that for dislocations (e.g. 
a fall on the outstretched hand with forearm in pro-
nation) (Herbertsson  et al. ,  2005 ; Bano and Kahlon, 
 2006 ). Radial fractures in the presence of an elbow 
dislocation are often accompanied by a fracture of 
the coronoid process and damage to the collateral 
ligaments (Regan and Morrey,  1989 ). Appropriate 
management of this injury is essential to avoid 
chronic instability (Bano and Kahlon,  2006 ). In 
adolescents, a valgus stress from a fall or muscle 
contraction may result in a fracture through the 
epiphyseal plates of the medial epicondyle. Diagnosis 
of a fracture is confi rmed by radiographs. 
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joint space (Popovic  et al. ,  2001 ; Sasaki  et al. , 
 2002 ), joint effusions and loose bodies (Popovic 
 et al. ,  2001 ).  

  The  e vidence for  e xercise  t herapy in 
 u nstable  e lbows 

 The majority of articles on UCL injuries are clinical 
commentaries that recommend initial conservative 
management, followed by surgical intervention if 
unsuccessful (Field and Savoie,  1998 ; Hyman  et al. , 
 2001 ; Cain  et al. ,  2003 ; Safran  et al. ,  2005b ; 
Nassab and Schickendantz,  2006 ). Rettig  et al.  
 (2001)  evaluated a conservative rehabilitation pro-
gramme that involved rest, splinting/bracing (pro-
tecting against valgus stress and elbow extension), 
anti - infl ammatory medication, ice, active and 
passive range of motion exercises for the fl exor and 
pronator muscles, strengthening of the upper 
extremity muscles and progressive throwing. They 
found that 42% of athletes were able to return their 
pre - injury level of competition.  

  Tennis  e lbow 

 Tennis elbow is largely a clinical diagnosis charac-
terised by pain over the lateral elbow that is typi-
cally aggravated by gripping activities. It tends to 
occur in the dominant upper limb, most commonly 
in those aged between 40 and 50 years and of either 
gender, being most prevalent in jobs requiring 
repetitive manual tasks (as high as 35 – 64% of all 
cases) (Kivi,  1982 ; Dimberg,  1987 ; Feuerstein  et al. , 
 1998 ). Most importantly, it is one of the most costly 
of all work - related illnesses (Kivi,  1982 ; Dimberg, 
 1987 ; Feuerstein  et al. ,  1998 ) and restricts function 
in all aspects of life. 

 The nomenclature and underlying pathology of 
tennis elbow are intertwined and impact on the 
concepts of treatment (Vicenzino and Wright,  1996 ; 
Khan  et al. ,  2002 ). Tennis elbow has been called 
lateral epicondylitis, lateral epicondylosis and 
extensor tendinosis. The term epicondylitis infers 
infl ammation, which is inaccurate in this condition, 
as a number of studies have found no signs of 
infl ammation (Nirschl and Pettrone,  1979 ; Regan 
 et al. ,  1992 ; Potter  et al. ,  1995 ; Kraushaar and 

(Hotchkiss,  1997 ; Liow  et al. ,  2002 ; Bano and 
Kahlon,  2006 ). Indeed, a randomised clinical trial 
that compared immediate mobilisation and cast 
immobilisation in traumatically induced effusion of 
the elbow found improvements in short - term pain 
and range of motion in individuals who were mobi-
lised (Henriksen  et al. ,  1995 ). Another randomised 
clinical trial in children with open reduction and 
internal fi xation of a supracondylar humeral frac-
ture showed that a pragmatic physiotherapy pro-
gramme following cast immobilisation led to 
improved range of motion at 12 – 18 weeks than cast 
immobilisation without physiotherapy intervention 
(Keppler  et al. ,  2005 ).  

  Overuse  i njuries of  e lbow  l igaments 

 Injury to the UCL is common in sports that involve 
repetitive valgus stress to the elbow (Safran and 
Baillargeon,  2005a ; Safran  et al. ,  2005b,c ; Nassab 
and Schickendantz,  2006 ) (e.g. baseball pitchers 
due to the large valgus forces incurred when the 
arm moves from humeral external rotation and 
elbow fl exion to humeral internal rotation and 
elbow extension during the late cocking and early 
acceleration phases of throwing) (Callaway  et al. , 
 1997 ; Azar  et al. ,  2000 ; Cain  et al. ,  2003 ; Nassab 
and Schickendantz,  2006 ). Apart from the UCL, 
valgus stress may also result in trauma to other 
structures, such as ulnar nerve, medial head of the 
triceps, insertion of the wrist fl exor and forearm 
pronator muscles and medial epicondyle (Safran 
and Baillargeon,  2005a ; Safran  et al. ,  2005b,c ; 
Nassab and Schickendantz,  2006 ). Laxity of the 
UCL has been shown to alter the articulation 
between the posteromedial trochlea and olecranon 
and lead to the development of osteophytes and 
loose bodies (Ahmad and ElAttrache,  2004a ; 
Ahmad  et al. ,  2004b ). 

 Physical examination of the athlete with an UCL 
injury typically reveals palpable tenderness approx-
imately 2   cm distal to the medial epicondyle (Safran 
and Baillargeon,  2005a ; Safran  et al. ,  2005c ) and 
a positive valgus stress test (Hyman  et al. , 
 2001 ). Radiography and arthroscopy may also 
assist in the diagnosis of an UCL injury; but their 
diagnostic accuracy is questionable in baseball and 
team handball players, because non - injured elbows 
may also exhibit signifi cant wider medial elbow 
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This study showed that the physiotherapy pro-
gramme was superior to the wait - and - see approach 
and similar to corticosteroid injections in the short 
term (6 weeks) (Hay  et al. ,  1999 ; Smidt  et al. , 
 2002 ). However, an important fi nding in our study 
was that over a 12 - month period, physiotherapy 
was responsible for far fewer recurrences, fewer 
consultations to medical practitioners and increased 
grip strength compared with corticosteroid injec-
tions (Bisset  et al. ,  2006a ), a fi nding consistent with 
the suggestion of a protective effect of exercise 
(Pienimaki  et al. ,  1996, 1998 ). Pienimaki  et al.  
 (1996)  compared the effects of a graduated progres-
sive exercise programme of strengthening and 
stretching to ultrasound over 6 – 8 weeks in 36 
patients with chronic tennis elbow that was recal-
citrant to many other treatments including physi-
otherapy and corticosteroid injections. This study 
reported a statistically signifi cant but small benefi -
cial effect of exercise on resting pain. A recent sys-
tematic review of eccentric - only exercise concluded 
that due to the small number of trials and very large 
confi dence intervals, it was diffi cult to draw any 
conclusions on the effi cacy of eccentric exercise in 
tennis elbow (Woodley  et al. ,  2007 ). 

 A number of impairments affecting the neu-
romuscular and sensorimotor systems have been 
identifi ed in people with tennis elbow including: 
reduced pain - free gripping capacity; bilateral 
abnormal wrist posture during these gripping tasks; 
bilateral defi cits in reaction time and speed of 
movement of the upper limb; and abnormal motor 
control of the forearm muscles in a tennis back 
hand stroke (Kelley  et al. ,  1994 ; Pienimaki  et al. , 
 1997a ; Bisset  et al. ,  2006b ). These defi cits and 
abnormalities can be addressed with specifi c exer-
cise prescription.   

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

  Practical  g uidelines for  e xercise 
 t herapy  p ost -  d islocation and  f racture 

  Range of  m otion and  fl  exibility 

 Active - assisted range of motion exercises can begin 
as early as pain and infl ammation allow (usually 

Nirschl,  1999 ; Alfredson  et al. ,  2000 ). Terms with 
the suffi x  ‘ osis ’  infer a degenerative change, and 
while the changes exhibit elements of degeneration/
disarray or break down of collagen fi brils in the 
tendon (Regan  et al. ,  1992 ; Kraushaar and Nirschl, 
 1999 ), it is not known how these morphological 
changes relate to the pain and dysfunction experi-
enced by patients with tennis elbow (Khan and 
Cook,  2000 ). It appears that the condition is far 
more complex than these terms suggest (Vicenzino 
and Wright,  1996 ). For example, the condition is 
characterised by a constellation of changes in the 
extensor carpi radialis brevis and common extensor 
tendon mechanism, such as signs of neurogenic 
involvement (Ljung  et al. ,  2004 ) in the form of 
pain - provoking chemical mediators located in mye-
linated sensory fi bres (e.g. substance P and calci-
tonin gene - related peptide) (Ljung  et al. ,  1999, 
2004 ), increased levels of excitatory amino acids 
(glutamate) (Alfredson  et al. ,  2000 ) and associated 
neovascularisation (Zeisig  et al. ,  2006 ). Thus, the 
current preferred term for this condition is lateral 
epicondylalgia or tendinopathy, which infer some 
level of abnormality (possibly in the pain system or 
in the tendon, respectively) without categorically 
defi ning pathology.  

  The  e vidence for  e xercise 
in  t ennis  e lbow 

 A number of systematic reviews have identifi ed that 
studies generally lack high methodological quality 
and standardised outcomes, which make it diffi cult 
to determine the effi cacy of exercise (Bisset  et al. , 
 2005 ; Woodley  et al. ,  2007 ). The literature on exer-
cise in tennis elbow appears to focus on two forms 
of exercise: a combination of isometric, concentric 
and eccentric contractions and eccentric - only exer-
cise. Programmes that involve isometric, concentric 
and eccentric exercises for the forearm muscles are 
usually accompanied by other physical therapy 
interventions such as friction massage, manipula-
tion or ultrasound. As such, it is diffi cult to deter-
mine how much of the treatment effects are due 
solely to exercise. Our recent randomised clinical 
trial in 198 subjects studied the effi cacy of a physi-
otherapy programme of manual therapy and exer-
cise compared with a corticosteroid injection and 
a wait - and - see approach (Bisset  et al. ,  2006a ). 
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  Table 8.1    Exercise prescription guidelines to improve 
muscle endurance, strength and power 

   Desired adaptation 
(goal)  

   Prescription: guiding 
principle  

  Endurance    15 – 20   RM    ×    1 – 3 sets; 30 – 60 
seconds rest between sets  

  Strength    3 – 8   RM    ×    3 – 5 sets; 3 – 5 
minutes rest between sets  

  Power    1 – 3   RM    ×    3 – 5 sets; 5 – 8 
minutes rest between sets; 
explosive tempo  

   RM    =    repetition maximum.  
  Bird  et al .,  2005 .   

1 – 5 days post - reduction/operation). These exercises 
typically start with elbow fl exion/extension through 
pain - free range of motion with the forearm in 
neutral supination/pronation. This can often be 
best achieved in a gravity - eliminated position. For 
example, elbow fl exion can be done in supine and 
elbow extension can be done in sitting. A general 
guideline for prescription is 5 – 10 repetitions every 
2 – 3 hours with progression to 15 – 20 repetitions 
hourly. Range of motion exercises for the unin-
volved joints of the upper limb should also be 
performed. 

 Within the fi rst week, exercises should be pro-
gressed to active range of motion against gravity. If 
the elbow remains unstable or required open -
 reduction with internal fi xation, the patient may be 
required to exercise within a valgus - restricting 
brace. In the presence of lateral instability due to 
associated soft tissue injury, exercises should be 
performed in forearm pronation to provide 
maximum stability and avoid excessive load on the 
radiocapitellar joint (Chinchalkar and Szekeres, 
 2004 ; Sheps  et al. ,  2004 ). When the elbow is stable, 
active - assisted supination/pronation can be com-
menced with the elbow positioned in 90 °  fl exion. At 
approximately 4 weeks, range of motion exercises 
can be progressed to low load stretches sustained for 
20 seconds and repeated 4 – 5 times (Davila and 
Johnston - Jones,  2006 ); however, this should be ini-
tiated after strengthening is underway to minimise 
applying a stretch overload to healing tissue. 
Proprioceptive neuromuscular facilitation stretch-
ing (e.g., hold - relax, contract - relax) can also be 
used to improve fl exibility of muscles at this point.  

  Strengthening 

 The progression of strength training can be divided 
up into a number of phases based on tissue healing 
and stability of the elbow joint. Early in the pro-
gramme, exercises will focus on improving or main-
taining strength in adjacent joints (i.e. the shoulder, 
scapula and wrist) with gradual addition of the 
exercises at the elbow. 

  Early  r esolution  p hase (0 – 4  w eeks) 

 Shoulder and scapular strengthening, isometric 
wrist fl exion/extension and radial/ulnar deviation 
can begin within the fi rst 2 weeks. Isometric exer-
cises should be performed at multiple points 

through available range of motion. Contractions 
should be pain - free and sub - maximal with slow 
onset and offset.  

  Consolidation  p hase (4 – 8  w eeks) 

 Initially exercises will be isometric with progression 
to isotonic exercises and gradual addition of load 
in 0.5 – 1   kg increments. Submaximal isometric 
elbow exercises can begin at 3 – 4 weeks if the elbow 
is stable or at 4 – 6 weeks if it is unstable. Once bone 
healing is deemed adequate (usually around 4 – 8 
weeks), resistive exercises can be commenced. 
Initial prescription of approximately 1 – 3 sets of 
15 – 20 repetition maximum (RM) daily will promote 
endurance adaptations (Table  8.1 ) while avoiding 
overload to the injured tissues. Examples of appro-
priate strengthening exercises for the biceps and 
triceps muscles are shown in Figures  8.2  and  8.3 , 
respectively. Light throwing activities may also be 
commenced at approximately 6 weeks in an athlete 
with a stable medial epicondyle fracture (Davila 
and Johnston - Jones,  2006 ).      

  Restoration  p hase (8 – 12  w eeks) 

 Exercises can be progressed by increasing resistance 
and speed to improve strength and power (Table 
 8.1 ), and closed kinetic chain exercises, such as wall 
or fl oor push - ups (Fig.  8.4 ) can be introduced. 
Different types of resistance can be used including 
free weights (Figs  8.2  and  8.3 ), pulleys, elastic 
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     Figure 8.2     Concentric/eccentric contraction of biceps 
muscle using a free weight. The patient is standing with the 
elbow extended at her side. The elbow is fl exed to full fl exion 
range of motion (mid - position shown) and returned to the 
starting position.  

     Figure 8.3     Concentric/eccentric contraction of the triceps 
muscle using a free weight. The starting position is shown 
(i.e. the patient is in supine with the shoulder in 90 °  fl exion 
and the elbow pointing towards the ceiling). The elbow is 
extended so the arm is vertical and then returned to the start-
ing position.  

           Figure 8.4     Wall push - ups to strengthen triceps, shoulder and 
scapular muscles. The patient stands with the hands against the 
wall shoulder - width apart or slightly wider and elbows near 
extension. The elbows are fl exed and the body approaches the 
wall ( a ). To increase the challenge to the sensorimotor system 
this exercise can be performed on a ball ( b ) or two rubber discs 
( c ), and to increase the amount of load applied through the 
upper limb, the feet can moved further way from the wall or 
the push - up can be performed against the fl oor.  

(a) (b)

(c)
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handholds can also be used during this stage of 
rehabilitation to improve upper limb endurance.    

  Work  a nd/or  s port -  s pecifi c  p hase 

 Once range of motion and strength are within 10% 
of the unaffected side, training of sport - specifi c 
activities can commence (Davila and Johnston -
 Jones,  2006 ). During these exercises, taping or 
bracing may be used to protect the joint from unex-
pected stress or overload. Exercises to prepare the 
individual to return to work should replicate spe-
cifi c work requirements, such as lifting, carrying, 
pushing, pulling and use of tools.    

  Practical  g uidelines for  e xercise 
 t herapy in  u nstable  e lbows 

  Strengthening 

 Protection of the UCL is a priority in the initial 
stages of rehabilitation. This can be achieved with 
taping or bracing to protect the UCL and elbow 
from unwanted stress, restricting activities that 

tubing, medicine balls (Fig.  8.5 ) and grip dynamom-
eters (Fig.  8.6 ). Elastic tubing can assist in the simu-
lation of functional and/or sport - specifi c skills such 
as throwing a ball, serving in tennis or golfi ng. An 
arm ergometer or stationary bike with moveable 

     Figure 8.5     Chest passes with a medicine ball. Ball is held in from of chest with elbows bent ( a ) and arms are extended as ball 
is released ( b ). This exercise can be repeated in quick succession to train power.  

(a) (b)

     Figure 8.6     Concentric/eccentric contraction of the triceps 
muscle using body - weight resistance and a grip dynamom-
eter. The starting position is shown (i.e. the patient is sitting 
weight - bearing through a grip dynamometer on the affected 
side). The elbow is extended to lift the patient off the bed and 
then fl exed to return to the starting position.  
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     Figure 8.7     Concentric/eccentric contraction of the wrist 
fl exor muscles using rubber tubing resistance. The forearm is 
positioned in supination. The wrist starts in extension and is 
fl exed until full pain - free fl exion range motion is attained 
before returning to the starting position (i.e. extension).  

8.12 below), as well as muscles that primarily act 
at the elbow joint, such as biceps brachii (see Fig. 
 8.2 ) and triceps brachii (see Fig.  8.3 ), and muscles 
in adjacent areas (i.e. the shoulder, scapula and 
trunk). Exercises for these muscles may initially be 
isometric and progression to isotonic with gradual 
addition of resistance using free weights (see Figs 
 8.2  and  8.3 ) or elastic tubing (Figs  8.7 – 8.9 ). The 
amount of resistance used and number of times the 
exercise is repeated will depend on the goal of 
the exercise (see Table  8.1 ) and what the patient is 
able to perform without producing pain.   

 Exercises are relatively simple initially, but as the 
integrity of the ligament and elbow joint improves 
exercises are progressed to become more complex 
and achieve concurrent strength, power and senso-
rimotor adaptations. For example, medicine ball 
throws (see Fig.  8.5 ) and high - speed humeral rota-
tions (Fig.  8.10 ) train strength and power of the 
upper limb muscles, stability of the scapula and 
trunk, and proprioception. Eventually the focus 
turns to function and return to work and/or sport. 
Exercises to prepare athletes for return to sport may 
include throwing and tennis strokes (i.e. serving, 
forehand and backhand) of progressively increased 
distance and speed and altered predictability. 
Examples of exercise progressions from simple to 

apply a valgus strain to the elbow and by avoiding 
passive elbow motion (Armstrong  et al. ,  2000 ). 

 Exercises for the musculoskeletal system should 
involve muscles that provide medial stability to the 
elbow joint, such as fl exor carpi radialis (Figs  8.7  
and  8.8 ) and pronator teres (Fig.  8.9  and see also 

     Figure 8.8     Concentric/eccentric contraction of the muscles 
that cause radial deviation of the wrist using rubber tubing 
resistance. The forearm is positioned in neutral (i.e. mid -
 supination/pronation). The wrist starts in ulnar deviation and 
is radial deviated until full pain - free radial deviation range 
motion is attained before returning to the starting position (i.e. 
ulnar deviation). The rubber tubing can be attached above, 
rather than below, the arm to perform exercises for ulnar 
deviation.  

     Figure 8.9     Concentric/eccentric contraction of the pronator 
teres and pronator quadratus muscles using rubber tubing 
resistance. The forearm starts in supination or neutral (i.e. 
mid - supination/pronation) and pronated until full pain - free 
pronation range motion is attained before returning to the 
starting position. The rubber tubing can be placed on the 
medial, rather than lateral, side of the arm to perform exer-
cises for supination.  
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through the affected limb, and diffi cultly can be 
increased by altering surface compliance/
predictability (i.e. fi rm surface, foam surface or 
ball), increasing load (i.e. leaning against a wall, 
four - point kneeling or a fl oor push - up position), 
adding movement (i.e. rolling a ball or performing 
a push - up) and increasing speed of movement (Fig. 
 8.4 ). Joint position sense retraining involves the 
therapist positioning the athlete ’ s limb in a certain 
position (i.e. 70 °  of elbow fl exion) and then the 
athlete relocating this position independently. This 
should be performed with the athlete ’ s eyes closed, 
and measuring the difference between the target 
and achieved position can assess accuracy. This 
retraining can be progressed by altering amount of 
external input (i.e. supine with the arm on a bed or 
standing with the arm unsupported), shoulder posi-
tion and speed of movement.   

  Practical  g uidelines for  e xercise 
in  t ennis  e lbow 

 A graduated progressive exercise programme is 
essential to resolve symptoms, as well as prevent 
chronicity and recurrence (Pienimaki  et al. ,  1996 ; 
Pienimaki  et al. ,  1998 ). The key to success is early 
management of overall load at the involved muscles 
and tendons. This requires the practitioner to 

more complex to functional for a throwing athlete 
are outlined in Table  8.2 .      

  Proprioception 

 In contrast to the considerable evidence from other 
areas of the body implicating joint position sense 
defi cits (Willems  et al. ,  2002 ; Bonfi m  et al. ,  2003 ) 
and muscle reaction time impairments (Konradsen 
and Ravn,  1991 ; Bonfi m  et al. ,  2003 ) following 
ligament injuries, there is a lack of similar evidence 
following an UCL injury. Not surprisingly then, 
proprioceptive retaining is commonly lacking from 
conservative management approaches. 

 There is evidence to suggest that activation of the 
wrist and forearm muscles is altered in athletes with 
UCL injuries, for example reduced activity of the 
fl exor and pronator muscles (Glousman  et al. , 
 1992 ; Hamilton  et al. ,  1996 ) and increased exten-
sor muscle activity (Glousman  et al. ,  1992 ) with 
valgus stress at the elbow during throwing. As these 
muscles contribute to medial elbow stability 
(Hamilton  et al. ,  1996 ), we recommend retraining 
activation of these muscles. 

 Exercises for the sensorimotor system should 
include closed - kinetic chain exercises to increase 
neural input to the area, joint position sense and 
muscle reaction time retraining. Closed kinetic 
chain exercise may simply involve weight - bearing 

     Figure 8.10     ( a ) External and ( b ) internal rotation of the shoulder using a free weight. The shoulder is rotated between maximal 
external and internal rotation. Position of the shoulder, scapula and trunk is monitored and should be held static. This exercise 
can be progressed by increasing load, speed or predictability of movement.  

(a) (b)
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sport - related tasks may have to be reduced or modi-
fi ed if painful. Tasks may be modifi ed to reduce 
load and pain by lifting objects with a less forceful 
grip, having the forearm supinated rather than 
pronated and ensuring that the overall posture of 
the forequarter is such that the forearm extensors 
are not being used inappropriately (e.g. if the 
upper limb is held in internal rotation) (Vicenzino, 
 2003 ). 

  Strengthening 

 The management of tennis elbow can be divided 
into two phases: the restoration of pain - free muscle 
performance (i.e. strength and endurance) and the 
restoration of functional performance. The muscle 
performance restoration phase involves reduction 
of pain and improvement of pain - free grip strength 
to within approximately 80% of the unaffected 
side. Once pain is absent or diffi cult to exacerbate, 
the rehabilitation program focuses on higher order 
strengthening exercises and functional tasks. The 
functional restoration phase will improve strength 
to that of the unaffected side (or  > 110% if affected 
side is dominant) and incorporate specifi c func-
tional activities. 

  Restoration of  p ain -  f ree  m uscle  p erformance 
( a pproximately 6 – 8  w eeks) 

 Due to the intricately involved pain system in tennis 
elbow, it is our contention that exercise should be 
conducted without reproduction of the patient ’ s 
pain. Within the confi nes of this caveat, the goal is 
to improve strength and endurance of the forearm 
muscles. The loads recommended to optimally 
improve strength (i.e., 3 – 5 sets of 3 – 8   RM) (Bird 
 et al. ,  2005 ) will probably provoke pain in most 
individuals with tennis elbow, so in the fi rst instance 
a lower load with a higher number of repetitions is 
used (i.e. 1 – 3 sets of 15 – 20 repetitions). This exer-
cise prescription lends itself to improvements in 
muscle endurance and size (Bird  et al. ,  2005 ). The 
exercises that are usually performed at this stage are 
for the forearm fl exor/extensor (Figs  8.7  and  8.11 ), 
supinator/pronator (Figs  8.9  and  8.12 ) and radial/
ulnar deviator (Fig.  8.8 ) muscles. The exercises 
should be performed slowly over about 8 seconds 
for each repetition when the exercise includes both 
concentric and eccentric contractions. Isometric 

balance up the demands of the exercise programme 
with those outside rehabilitation, such as in the 
workplace, sport, leisure and activities of daily 
living. In some cases, loading of the extensor 
muscles and tendons while gripping during work or 

  Table 8.2    Possible exercises for an UCL injury progressing 
from early post - injury (i.e. simple) to return to sport (i.e. 
functional) 

   Simple  

  Isometric exercises for upper limb muscles  

  Isotonic exercises with addition of 20   RM load to 
improve muscular endurance of upper limb 
muscles (Figs  8.2 ,  8.3 ,  8.7  – 8.9, 8.11 and 8.12)  

  Isotonic exercises with addition of 8   RM load to 
improve muscular strength of upper limb muscles  

  Unloaded exercises for scapular control  

  Motor control retraining for stability of the trunk  

  Weight - bearing against wall (Fig.  8.4 )  

  Joint position sense retraining  

   More complex  

  Weight - bearing against wall on ball    ±    moving ball 
up and down wall (Fig.  8.4 )  

  Push - ups on wall/fl oor    ±    with hands on unstable 
surface (i.e. foam, ball, disc) (Fig.  8.4 )  

  Medicine ball throws (Fig.  8.5 )  

  Resisted small - range humeral internal and external 
rotation with elbow at 90 °  fl exion with increasing 
velocity (Fig.  8.10 )  

   Functional (throwing example)  

  Throwing action with tubing resistance  

  Throwing: short distance and slow speed with 
increasing repetitions  

  Throwing: gradual progression of distance and speed  

  Throwing: altered predictability of direction  

   RM    =    repetition maximum.   
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This may initially necessitate a reduction in load to 
ensure pain - free exercise performance. Throughout 
this phase of rehabilitation the unaffected forearm 
should be maximally exercised, as this will afford 
some adaptation to the affected side (Bonato  et al. , 
 1996 ; Stinear  et al. ,  2001 ). We strongly believe that 
regular visits to a physiotherapist at least once a 
week for the initial 6 – 8 weeks is essential for a suc-
cessful outcome. These sessions allow the therapist 
to check the exercises and evaluate progress (i.e. 
pain - free grip strength), which facilitates adherence 
to the exercise programme and allows for pro-
gramme modifi cations such as the progression of 
load and addition of exercises (Vicenzino,  2003 ).  

  Restoration of  f unctional  p erformance 

 The strengthening exercises in this phase of reha-
bilitation use higher loads to maximise strength 
gains (Table  8.1 ). We fi nd that eccentric only pro-
tocols are benefi cial at this point when there is 
minimal pain and a reasonable level of extensor 
muscle strength. When there is no pain and work/
sport activities require explosive and ballistic 
actions, there may be a need to use weekly exercises 
performed with increased movement speed to 
address muscular power (Table  8.1 ). In contrast, 
some work specifi c tasks require prolonged isomet-
ric gripping under heavy load, such as the need to 
lift and hold a nail - gun up above the horizontal. 
Training for these types of tasks requires sustained 
functional isometric exercises that can be pro-
gressed by moving the upper limb into various posi-
tions of elevation and adding load. An example is 
gripping a dynamometer to a designated level of 
force (e.g. 40% 1   RM) and elevating the upper limb 
against a load using pulleys or resistance tubing. 
The exercise prescribed and duration of this phase 
will vary according to the individual ’ s work or 
sport requirements.   

  Flexibility and  s tretching 

 As fl exibility impairments occur less frequently in 
tennis elbow than impairments in pain and muscle 
performance (i.e. strength and endurance), our 
clinical approach is to prescribe stretching only to 
those who have reduced extensibility of the forearm 
muscles and/or decreased elbow and wrist joint 
motion.  

contractions are used when resistance (e.g. tubing, 
weights) is unavailable or when the concentric and 
eccentric contractions are pain provocative.   

 Initially, forearm exercises can be performed with 
the elbow in a fl exed position as this is usually least 
pain provocative. However, as grip strength is 
greatest when the elbow is extended (Kuzala and 
Vargo,  1992 ), it is important to progress doing the 
exercises with the elbow in an extended position. 

     Figure 8.11     Concentric/eccentric contraction of the wrist 
extensor muscles using rubber tubing resistance. The forearm 
is positioned in pronation. The wrist starts in fl exion and is 
extended until full pain - free extension range motion is 
attained before returning to the starting position (i.e. fl exion).  

     Figure 8.12     Concentric/eccentric contraction of the forearm 
pronator and supinator muscles using a hammer or free 
weight. The forearm starts in a neutral position (i.e. mid -
 supinaton/pronation). It is taken into full pain - free supination 
range motion (shown in fi gure) and then full pain - free prona-
tion range motion.  
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  Student  q uestions 

           (1)   Identify the key issues in planning and imple-
menting an exercise programme for the elbow 
and forearm.   

   (2)   Once an elbow dislocation is reduced and 
deemed stable, when should an exercise reha-
bilitation programme commence?   

   (3)   Design an exercise programme for a volleyball 
player who has undergone reduction of an 
elbow dislocation and open reduction internal 
fi xation of a medial epicondylar fracture 2 
days ago. Include the progression of exercises 
from the early post - operative period through 
to return to sport. List the expected timeline 
and outcome measures that would be used to 
determine the progression of exercises.   

   (4)   Describe exercises that can be used to train the 
sensorimotor system in a tennis player with an 
UCL injury. Identify progression of these exer-
cises from the early phase of rehabilitation to 
return to playing tennis.   

   (5)   What exercise prescription would you use if 
your goal was to improve strength of the 
fl exor carpi radialis muscle? How would you 
modify this prescription if your goal was to 
improve endurance?   

   (6)   Describe several exercises that can be used to 
train both the musculoskeletal and sensorimo-
tor systems. Also provide an explanation of 
your exercise selection.   

   (7)   List the likely impairments in a patient with 
tennis elbow.   

   (8)   Describe the role of isometric, concentric and 
eccentric exercises in the management of 
tennis elbow.   

   (9)   Compare and contrast the application of exer-
cise therapy at the elbow for a dislocation, an 
instability and tennis elbow.   

   (10)   Does aerobic exercise have a role in the man-
agement of elbow disorders?       
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  9 The Wrist and Hand  

  Mandy     Johnson       

   SECTION 1: INTRODUCTION 
AND BACKGROUND 

    The wrist and hand is a complex system of inter -
 related joints and soft tissues that play a major role 
in all aspects of activity. Injuries to the wrist and 
hand are common due to the constant involvement 
of the hand in most activities of daily living and 
sporting pursuit. Many of these injuries are a result 
of trauma, particularly in a physical occupation or 
sport, but there are a number of overuse conditions 
which can have a debilitating effect on the patient. 
There is a tendency to underestimate the impor-
tance of injuries to the wrist and hand but even the 
simplest injury, if not treated correctly, can have a 
disabling effect on not just sporting activities but 
activities of daily living.  

  Evidence for the  u se of  e xercise 
in the  r ehabilitation of  w rist 
and  h and  i njuries 

 There is limited evidence that exercise regimens 
have a positive effect in the rehabilitation of any 
wrist or hand injury. Theoretically, the use of thera-
peutic exercise is essential for a number of reasons. 

Exercises help to prevent contractures, which can 
cause limitation in some elements of motion. Range 
of movement exercises should be reintroduced as 
early as possible to ensure that joint mobility is 
restored. These movements can be active, active -
 assisted or passive, depending on the status of the 
patient. Strengthening exercises will be required 
later in rehabilitation so the patient can achieve the 
best functional outcome possible. 

 In patients following an uncomplicated fracture 
of the distal radius, a regimen of prescribed home 
exercises has been shown to be adequate rehabilita-
tion. In contrast, in patients at risk of a poor 
outcome, individualised physiotherapy has been 
found to increase the range of fl exion and extension 
of the wrist at 6 months post - injury (Wakefi eld and 
McQueen,  2000 ). A Cochrane review in this area 
(the effect of rehabilitation following fractures of 
the distal radius) concluded that there was not 
enough evidence to establish the effectiveness of 
rehabilitation interventions in patients with distal 
fractures of the radius (Handoll  et al. ,  2006 ). The 
review included 15 randomised or quasi - randomised 
trials, involving 746, mainly female and older 
patients, which evaluated interventions such as 
active and passive mobilisation exercises, training 
for activities of daily living and rehabilitation inter-
ventions that could be carried out by the patient 
themselves or in combination with clinicians. Initial 
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everyday life needs to be known to fully assess the 
strength requirements in the rehabilitation pro-
gramme. The benefi ts of strength training in this area 
are supported by the results of a study examining the 
effect of unilateral upper limb strength training on 
fi nger pinch force in older men (Keogh  et al. ,  2007 ). 
The strength training group exercised twice a week 
for 6 weeks whereas controls maintained normal 
activities. The strength training group achieved sig-
nifi cantly greater increases in fi nger pinch force, 
biceps curl and wrist fl exion strength (Keogh  et al. , 
 2007 ). Another recent study compared the effect of 
an intensive hand exercise programme with a con-
servative protocol in patients with rheumatoid 
arthritis (Ronningen and Kjeken,  2008 ). After 2 and 
14 weeks the there were signifi cant differences 
between the groups in terms of pinch strength (2 
weeks) and grip strength (14 weeks) in favour of the 
intensive exercise programme.  

  Injuries to the  w rist and  h and 

  Fractures,  d islocations 
and  l igament  i njuries 

 The two most common fractures at the wrist are 
Colles ’  and Smith ’ s fractures. Both occur at the 
distal end of the radius. Colles ’  fracture occurs as 
a result of a fall on the outstretched arm and results 
in the distinctive  ‘ dinner fork ’  deformity. Smith ’ s 
fracture can be referred to as a reverse Colles ’  frac-
ture and is as a result of a direct blow or fall on a 
fl exed wrist. Fracture reduction is followed by 
immobilisation in a cast for approximately 6 weeks. 
It is important that active range of movement exer-
cises are commenced for the shoulder and elbow 
during the period of immobilisation. Following a 
period of immobilisation for the wrist, active range 
of movement exercises should be commenced for 
all movement patterns with particular attention to 
extension and supination. Active exercises should 
be gradually progressed to strengthening exercises, 
which can be carried out using light hand springs, 
therapeutic putty, various elastic bands and small 
hand weights. This is followed by a gradual reintro-
duction of functional and sporting activities. 

 Dislocations and ligament injuries are usually 
treated by splinting the injured fi nger to the next 
fi nger but it is important that a full range of move-

treatment was identifi ed as being conservative, 
involving plaster cast immobilisation (in all but 27 
participants whose fractures were fi xed surgically). 
One trial showed that there was weak evidence of 
improved hand function with hand therapy in the 
days after plaster cast removal, and benefi cial 
effects continued for 1 month later. Another trial 
showed weak evidence of improved hand function 
in the short term, but not in the longer term (3 
months), for early occupational therapy whereas 
another study showed no difference in outcome 
between supervised and unsupervised exercises. 
Four trials examined formal rehabilitation, two 
trials investigated passive movements, ice or pulsed 
electromagnetic fi eld (one trial), or whirlpool 
immersion (one trial). Weak evidence of short - term 
benefi ts was found for continuous passive motion 
(CPM), intermittent pneumatic compression, ultra-
sound, and also to support better short - term hand 
function in patients given physiotherapy compared 
with patients given exercises by surgeons. 

 Thien  et al.   (2004)  reviewed studies examining 
rehabilitation of fl exor tendon injuries following 
surgery. Six randomised controlled and quasi -
 randomised controlled studies were identifi ed, with 
464 participants. However the exercise regimens 
varied and studies included a traditional passive 
movement regimen, a CPM protocol, early control-
led mobilisation using rubber band traction, static 
and dynamic splinting for the thumb, and control-
led passive fl exion with active extension and con-
trolled passive mobilisation. The only study that 
showed a signifi cant effect was that comparing 
passive mobilisation to CPM, with the CPM 
regimen having a favourable outcome. However, 
due to differences in surgical techniques it was dif-
fi cult to compare interventions. Generally it appears 
that to regain full function, the majority of tendon 
injuries should undergo surgical intervention fol-
lowed by rehabilitation. In the initial stages this 
should be limited to active - assisted movements and 
passive movements with no resistance. Tensile 
loading is gradually increased with some functional 
movements to re - establish neurological patterns 
and this is progressed with an emphasis on eccentric 
loading, plyometric activity, and co - contractions of 
agonist/antagonist force couples and gradual 
reintroduction of sporting activities or activities of 
daily living (Kibler,  1997 ). 

 Strength in the hand and wrist is relevant to each 
individual. The demands of the patient in normal 
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 Tendon rupture can occur following a traumatic 
incident involving undue force through a tendon. 
The initial symptoms are severe pain and loss of 
function and these could lead to permanent disabil-
ity if untreated. Depending on the site and severity 
of the rupture, treatment could be conservative or 
surgical. Tendons on the fl exor aspect of the hand 
and wrist have synovial sheaths but extensor 
tendons do not. The most common cause of tendon 
ruptures of the wrist and hand are caused by lacera-
tions due to injuries or a forcible impact to the 
fi ngers causing a hyperfl exion or extension of the 
digits. These latter injuries are common in sport 
particularly in cricket, volleyball and basketball. 
There is often an avulsion fracture where the tendon 
is pulled off the bone and in these cases surgical 
intervention may be required to reattach the tendon 
and bone fragment. There are differences in the 
rehabilitation protocols for ruptures of extensor 
tendons and of fl exor tendons in the hand and 
wrist. This is mainly due to the strong pulley system 
that exists within the fl exor tendons. The extensor 
tendon is more passive in function, but disruption 
of this tendon can be as debilitating as disruption 
of the fl exor tendons due to the infl uence these 
tendons have on the lumbricals and interossei. 

 Rupture of the fl exor digitorum profundus 
tendon from the distal phalanx may be treated con-
servatively or with surgery. Splinting is usually in 
place for 6 weeks and then an active exercise pro-
gramme is introduced. To minimise the tension on 
the tendons, fl exion exercises are performed with 
the wrist in extension and extension exercises are 
performed with the wrist in fl exion. Strengthening 
exercises are not started until there is good active 
extension of the wrist and the metacarpophalangeal 
and interphalangeal joints, which usually occurs 8 
weeks post - surgery. Strengthening exercises are 
progressed depending on how well the patient is 
managing, with the introduction of co - ordination 
exercises and endurance work. 

 If the common extensor tendon that inserts into 
the base of the middle phalanx is damaged, a bou-
tonni è re deformity may result. This is a common 
injury in sport and may be caused by a severe 
fl exion force to the proximal interphalangeal joint 
(PIP) or direct trauma to the posterior aspect of this 
joint. A boutonniere injury should be suspected if 
there is more than 30 °  extension lag at the PIP joint. 
Rehabilitation for the common extensor tendon 
requires immobilisation of the PIP joint in full 

ment is regained following the injury and that there 
are no avulsion fractures present which may infl u-
ence the range of movement after full healing has 
occurred. Injury to the ulna collateral ligament often 
occurs as a result of a fall on the outstretched hand 
with the thumb forced into abduction and exten-
sion, which creates tension in the ligament. The 
ulnar side of the thumb will be tender and some-
times swollen with pain and weakness on grasping 
or pinching movements. For treatment purposes the 
injuries are usually divided into two categories 
depending on the integrity of the ligament, which is 
tested by stressing the accessory and ulnar collateral 
ligaments (as the critical stress point to cause com-
plete rupture is approximately 30 °  of abduction). 
Initially a short opponens splint or thumb spica cast 
may be required to rest the ulna collateral ligament 
for approximately 3 weeks. This is then replaced by 
a splint that can be removed for mobility and 
strengthening exercises, which should be com-
menced at approximately 8 weeks. It is essential that 
no abduction forces are applied to the joint for the 
fi rst 6 weeks. If the ligament is not intact, surgery is 
required. A Stener lesion occurs if there is a com-
plete disruption of the ulnar collateral ligament 
which then protrudes beneath the adductor aponeu-
rosis. After surgery the thumb should be immobi-
lised in a cast for 3 weeks. This cast can then be 
replaced with a splint for a further 2 – 3 weeks; the 
splint can be removed for exercise purposes.  

  Tendinopathy 

 Tendon pathology used to be referred to as tendini-
tis but the preferred term is tendinopathy. Rest and 
pain - relieving modalities are used in the initial 
stages. Resting the tendon does not necessarily 
mean immobilisation but may entail the avoidance 
of movements that cause pain. 

 Exercise therapy is an important aspect of the 
rehabilitation of tendinopathy and related condi-
tions but it is essential that the appropriate exercise 
therapy is introduced at the correct time or the 
condition may be exacerbated. Flexibility exercises 
are usually the fi rst type of exercise to be reintro-
duced but eccentric exercise followed by concentric 
strengthening exercises are the major components 
of an exercise programme. Evidence for the effec-
tiveness of the various exercise modalities is poor 
due to the lack of well - designed trials. 
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symptomatic (Piazzini  et al. ,  2007 ), but when the 
symptoms have reduced, an active exercise pro-
gramme may be reintroduced. Surgery to relieve the 
compression on the median nerve may be consid-
ered in extreme cases.  

  Joint  d iseases 

 Osteoarthritis is a common disease that can either 
be a primary condition or follow a pre - existing 
condition. As a primary condition, the most 
common area in the hand and wrist for osteoarthri-
tis to manifest is the fi rst carpometacarpal joint of 
the thumb. Osteoarthritis of this joint is typifi ed by 
pain at the base of the thumb, especially when grip-
ping an object. Osteoarthritis is more common in 
women than men, especially over the age of 45 – 50 
years of age. Conservative management includes 
splinting, gentle moist heat, usually administered by 
wax baths, and gentle exercises. 

 Secondary osteoarthritis can develop in any area 
of the wrist or hand following a previous injury, 
particularly fractures in which a joint or joint 
surface is involved. It is a progressive degenerative 
condition and is exacerbated with use. It is very 
common following injuries to the scaphoid and in 
extreme conditions it can lead to degeneration of 
the joint between the scaphoid and radius, and 
consequently lunate and capitate, which will ulti-
mately result in a collapse of the wrist. Support may 
be offered to the joint through splinting, and gentle 
non - resisted exercises will help maintain some 
range of movement. 

 Rheumatoid arthritis and juvenile arthritis are 
conditions that affect the whole of the body, but 
can cause particular problems in the upper limb, 
wrist and hand. Treatment and rehabilitation will 
help relieve symptoms to a certain degree and help 
minimise disability. The repeated infl ammatory epi-
sodes of various joints of the body can cause 
substantial damage to the soft tissues and extra -
 articular structures. This can result in pain, stiff-
ness, joint instability and ultimate deformity, 
including ulnar deviation of the metacarpophalan-
geal joints, boutonni è re deformity and swan - neck 
deformity. Joint laxity, weakness of the muscles and 
loss of range of movement will lead to major dys-
function of the hand and wrist, making even the 
simplest tasks in everyday living almost impossible 
to perform. 

extension for 6 – 8 weeks. Gentle mobility exercises 
can be started after 4 weeks for fl exion/extension 
of the PIP joint with immobilisation between exer-
cise sessions. Strengthening work can be com-
menced 2 – 3 months post - injury. 

 Treatment of the rupture of the distal attachment 
of extensor digitorum (Mallet ’ s fi nger) involves 
splinting for approximately 6 weeks or longer if 
there is insuffi cient healing. An avulsion fracture is 
treated with open reduction and internal fi xation of 
the fracture, usually with  ‘ K - wires ’ , followed by 
immobilisation. The splint will remain in situ until 
active extension can be carried out at the distal 
interphalangeal (DIP) joint. At this point, which is 
usually around 8 weeks post injury or surgery, 
active exercises can be commenced with progressive 
strengthening exercises. The splint is disregarded at 
approximately 9 – 10 weeks as long as there is no 
extensor lag in the DIP joint, and unrestricted use 
can commence at approximately 12 weeks.  

  Overuse  i njuries 

 Carpal tunnel syndrome is particularly common in 
individuals working at computer terminals for long 
periods, where the wrist is held in extension, or in 
a gymnast who repeatedly weight - bears through the 
wrist. It can also occur in situations of extended 
gripping, such as racquet sports or where a person 
has spent an unusually long period of time gripping 
a paint brush. Other causes of carpal tunnel syn-
drome that have been identifi ed include fl uid reten-
tion, particularly in pregnancy, infection, renal 
problems, and gout or collagen disorders. It occurs 
when the median nerve is compressed as it travels 
through the carpal tunnel and which can lead to 
ischaemia of the nerve. Other symptoms may 
include loss of sensation in the hand as well as 
weakness and pain along the pathway of the median 
nerve. The pain is particularly apparent at night in 
people who have a tendency to sleep with the wrist 
slightly fl exed, as this position will also cause nerve 
compression and consequently pain. If carpal tunnel 
syndrome is suspected it is important that the cervi-
cal spine is thoroughly investigated as the symp-
toms may be referred from the neck. Various 
modalities can be used to relieve the symptoms, 
including a wrist splint that maintains the wrist 
position in neutral and is useful particularly at 
night. Exercise is not effective when the patient is 



The Wrist and Hand 133

or in particularly fi ne work the lumbricals and 
interossei of the hand. The hook grip is used to pull 
or suspend objects. It may sometimes be used as a 
power grip when carrying out activities such as 
climbing, where it is used to suspend or elevate the 
body. The thumb may or may not be used as the 
fi ngers are fl exed into the palm as far as the dimen-
sions of the object allow. These movements should 
be fully assessed by the clinician prior to design of 
a programme. 

 Interventions for this disease include stabilisa-
tion, to allow better function of the wrist and hand 
by utilising the muscles of the forearm, controlling 
the infl ammatory process and protecting the joints. 
Some patients present with stiff and immobile joints 
due to scarring following infl ammatory episodes or 
surgery and these patients require sustained exer-
cise therapy. Patients may also present with joint 
laxity following surgery that may require splinting 
for long periods. 

 Active exercises should be used to maintain joint 
range followed by isometric strengthening exer-
cises. Resisted exercises should be undertaken with 
extreme caution due to the infl ammatory nature of 
the disease. There are many pieces of adaptive 
equipment that can be introduced and which will 
reduce the stresses of everyday living for the patient 
with rheumatoid arthritis. Avoidance of repetitive 
actions and patient education are paramount for 
improvement in symptoms.    

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

  Assessment of the  w rist and  h and 

 The most important aspect of any rehabilitation 
programme involving the wrist and hand is to 
restore full function to the movements of the fi ngers 
and thumb. The ability to manipulate various 
objects and the application of dexterity and range 
of uses that humankind is capable of set us aside 
from all other creatures. Prehensile or gripping 
activities have been described in various ways over 
the years but essentially they are all variations of 
the power grip (Fig.  9.1 ), precision grip (Fig.  9.2 ) 
and the hook grip.   

 In the power grip all the fi ngers and thumb are 
fl exed around the object with the thumb controlling 
the movement if any is required. The purpose of 
this grip is to hold an object fi rmly, so that it can 
be worked on by the other hand or wielded as a 
tool or weapon. The precision grip uses very fi ne, 
small movements of the digits. The object is grasped 
between the ends of the fi ngers and thumb or just 
the thumb and index fi nger. The manipulation or 
positioning of the object is carried out at the wrist 

     Figure 9.1     The power grip.  

     Figure 9.2     The precision grip.  
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 Movements of the hand and wrist in all planes 
should be tested fi rst actively and then passively. It 
is important to establish which is the dominant 
side, as this may have some bearing on the results. 
It is vital to note the position of the fi ngers when 
testing mobility as the long tendons cross over 
many joints, and if the fi ngers are fl exed movement 
in the wrist may be restricted.  

  Exercise  m anagement of 
the  w rist and  h and 

  The  e arly  p hase  –   p assive 
 e xercises/ m obilisation 

 In the initial stages of rehabilitation of the wrist and 
hand passive movements can be introduced to re -
 establish full mobility. Passive movements involve 
the therapist manipulating specifi c joints, while the 
patient tries to relax and takes no active part. With 
many wrist problems there is a loss of supination 
and pronation at the distal radioulnar joint. To 
regain full range of active movement it is essential 
that these movements are re - established. To mobi-
lise the distal radioulnar joint the forearm can be 

 Assessment of the strength of the hand and wrist 
should include both isometric and dynamic tests. 
These tests should include the lumbricals and inter-
ossei and all other movements of the wrist hand 
and digits. The initial tests should be single joint 
movements such as fl exion, extension radial and 
ulna deviation of the wrist (Figs  9.3 – 9.5 ). The more 
complex patterns involving multiple joints should 
follow if the initial tests are comparable with the 
opposite side.   

     Figure 9.3     Passive wrist fl exion.  

     Figure 9.4     Passive radial deviation.  

     Figure 9.5     Active wrist fl exion.  
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in either a prone or supine position. The therapist 
places one hand around the radial head and the 
other around the head of the ulna. 

 To make the patient more comfortable when 
mobilising the wrist joint a pad can be placed under 
the distal forearm and the hand placed over the 
edge of the treatment couch or table. With the 
patients ’  forearm in pronation and the wrist in 
neutral, the therapist should secure the lower end 
of the forearm around the radial and ulnar styloids 
with one hand and place the other hand over the 
carpal bones. A longitudinal distraction force 
should be applied by the second hand; this force 
can either be sustained or oscillatory. 

 To increase either radial or ulna deviation the 
forearm is placed with either the radial or the ulnar 
side uppermost, depending on the area that needs 
to be mobilised. For an increase in ulnar deviation 
the forearm is placed radial side up with the wrist 
in neutral, with the stabilising hand over the radial 
and ulna styloids and the mobilising hand over the 
carpals. A downward force is applied by the mobi-
lising hand. For radial deviation, the ulna is upper-
most and the same directional force is applied. 

 To increase fl exion or extension of the wrist, the 
forearm is placed in pronation with the wrist in 
neutral. The therapist stabilises the forearm by 
grasping the radial and ulnar styloids and mobilises 
the wrist by placing the other hand over the carpal 
bones. To increase fl exion, an antero - posterior (AP) 
force is applied parallel to the wrist joint. To 
increase extension, a postero - anterior (PA) force is 
applied in the same manner. 

 The carpal joints can be mobilised on an indi-
vidual basis if required, but it is important to under-
stand the shape of the bones involved and their 
relationship with their neighbours to ensure that 
the correct force is applied in the most appropriate 
direction. To mobilise the individual carpal joints 
the therapist uses a pinch grasp on a pronated hand; 
one hand stabilises while the other hand carries out 
the mobilising technique. 

 The proximal row of carpal bones has a convex 
shape that fi ts in to the radius and ulna, which are 
both concave. To increase fl exion in the radiocarpal 
joint a posterior force is applied to the radius, and 
to increase extension an anterior force is applied. 
The ulnocarpal joint is further complicated by the 
presence of a articular cartilaginous disc between 
the distal radioulnar joint and also between the 

ulnar medial part of the lunate, and the triquetral 
if the hand is adducted. The disc can block free 
movement if disrupted. The ulnocarpal joint can be 
mobilised by applying an anterior force that will 
help to mobilise the disc. The scaphoid is convex 
compared with the concave shape of the trapezium 
and trapezoid thereby to increase fl exion the 
scaphoid should be fi xed and an AP glide of the 
trapezium and trapezoid should be carried out. To 
increase extension an AP glide of the scaphoid on 
the distal carpals is carried out. Mobilisation of 
other carpal bones is similar, by securing one carpal 
bone with a stabilising thumb and fi nger and then 
mobilising the joint with the other thumb and fi nger 
using either an AP or PA glide. 

 Techniques to mobilise carpometacarpal and 
metacarpophalangeal joints are similar to those 
previously described; in addition, traction forces 
can be applied to the joints and this is particularly 
effective when treating the fi rst carpometacarpal 
joint for increasing opposition and rotation 
movements. 

 When passive range has been re - established 
active exercises can be recommenced. It is impor-
tant that active movements are recommenced as 
soon as possible as they have advantages over 
purely passive movements. Exercises to improve 
active fl exion of the wrist and hand are shown in 
Figure  9.6 .    

  Intermediate  s tage  –  
 s trengthening  e xercises 

 When normal joint range and function have been 
restored, progressive strengthening exercises can be 
gradually introduced. These can be commenced 
with static or isometric contractions and then pro-
gressed to active or dynamic exercises that include 
concentric eccentric and isotonic contractions. A 
strengthening programme should commence with 
specifi c exercises for particular joints and progress 
onto exercises that involve the kinetic chain for the 
whole of the upper limb. If possible, functional 
patterns of movement should be followed. It is 
important that both the interossei and the lumbri-
cals (Fig.  9.7 ) are included in any strengthening 
protocols particularly following any type of 
immobilisation.   
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 Resisted exercises can be performed manually, 
using the clinician or self administered for a home 
exercise programme. Pieces of equipment that can 
be used for resisted work include: therapeutic putty 
of various densities denoted by a variety of colours, 
elastic bands and hand springs and small dumb-
bells. However, it is essential that a full range of 
movement is completed, which is not always pos-
sible with putty, hand springs or dumbbells. Figures 
 9.8 – 9.13  illustrate different strengthening exercises 
using a range of equipment.   

 Grip strength exercises are essential to restore 
normal function of the wrist and hand. These exer-
cises can be carried out using ball of various sizes 
and different densities of therapeutic putty. Elastic 
bands around the fi ngers are useful and offer a good 

     Figure 9.6     Progressive active fl exion of the wrist and hand.  

(a) (b) (c)

(d) (e)

     Figure 9.7     Lumbrical strengthening.  
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made in normal everyday life, particularly in 
employment or sporting activities. The functional 
exercise programme should incorporate as many 
normal activities as possible to re - establish func-
tional movement patterns at the correct speed 
and stress levels that will be encountered in 
normal life. 

 Plyometric and proprioception exercises for the 
wrist and hand are the same as those used for the 
elbow and shoulder. Many other plyometric and 
proprioceptive exercises can be introduced using a 

source of resistance for extension exercises of the 
digits.  

  Late or  f unctional  s tage 

 Functional exercises for the hand and wrist will 
differ greatly between patients due to the demands 

     Figure 9.8     Concentric strengthening of wrist fl exors.  

     Figure 9.9     Eccentric strengthening of wrist fl exors.  

     Figure 9.10     Strengthening of wrist fl exors against 
resistance.  

     Figure 9.11     Strengthening of wrist extensors against 
resistance.  
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demanding by increasing the weight of the ball. 
Proprioception exercises include various gripping 
actions of various sized objects and throwing and 
catching balls of different weights and sizes. 
Practising precision grips with different sized 
objects will also promote an increase in propriocep-
tive abilities.    

ball. This can be a normal ball or a medicine ball. 
The actions used in volley ball when setting or 
passing the ball are plyometric for the fi ngers 
and wrist and can be carried out against a wall. 
Dropping a ball and catching it before it reaches 
the fl oor palm down requires strength dexterity 
and good reaction time. This can be made more 

     Figure 9.13     Strengthening of the fi nger extensors.       Figure 9.12     Strengthening of the lumbricals and fi nger 
fl exors.  

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS             

     A 70 - year - old woman fell on her outstretched 
right hand and sustained a fracture of the distal 
end of the radius and ulna .  

  Management 

 The patient ’ s forearm was immobilised with 
plaster of Paris and she was encouraged to move 

her fi ngers and fl ex her elbow as much as she 
could during immobilisation. Following 6 weeks 
of immobilisation, passive, active and active -
 assisted exercises were commenced. This included 
passive movements to mobilise the carpus and 
fi rst carpometacarpal joint. When full range of 
movement had been achieved gentle strengthening 
exercises were introduced using therapeutic putty 
and elastic bands.  

 Case study 1 
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     A young cricket player caught a ball, which forced 
a hyperextension of a distal interphalangeal joint.   

  Management 

 On examination it was found that the patient had 
a  ‘ Mallet fi nger ’  deformity, suggesting a rupture 
of the long extensor tendon and which was con-
fi rmed on magnetic resonance imaging (MRI). 
Open reduction was carried out and a splint 
applied post - surgery. The hand was kept in the 
splint for 6 weeks, at which point the splint was 

removed and the tendon was tested to evaluate 
whether it could maintain extension of the distal 
phalanx. This was not the case, therefore the 
splint was reapplied and checked every 5 days. 
When the tendon was able to maintain extension, 
active exercises were commenced. The splint was 
reapplied between sessions. It was important for 
the therapist to check for an extensor lag of the 
distal phalanx at every session. At week 10, gentle 
progressive exercises were started using therapeu-
tic putty and elastic bands. At this point the splint 
was disregarded, and at 16 weeks, full sporting 
activities were recommenced.  

 Case study 2 

     A 50 - year - old diabetic man noticed a thickening 
on the palm of the left hand, and his little fi nger 
was staring to fl ex into his palm.   

  Management 

 On examination it was found that the patient was 
developing Dupuytren ’ s contracture. A stretching 
programme was implemented to try to ease the 
situation but after a period of time, when the fi fth 
digit was fl exing into the palm and the fourth digit 
was beginning to follow, it was decided that a 
Z - plasty should be carried out to elongate the 

palmer fascia and release the contracture. 
Following surgery, a splint was applied but passive 
and active exercises were initiated as soon as the 
patient could tolerate and the wound was checked 
regularly to ensure that scarring was minimal and 
scar mobility was maximised, particularly as the 
patient was a diabetic and wound healing could 
have been compromised. Success of this surgery 
may depend on correct splinting and exercise 
therapy. Hand function was restored as soon as 
possible but during this time it was noticed that 
the other hand was developing a thickening and 
the same procedure had to be repeated on the 
other hand, which was not unexpected.  

 Case study 3 

   (5)   What movements are possible at the fi rst car-
pometacarpal joint?   

   (6)   Describe an exercise protocol for a patient 
with rheumatoid arthritis.   

   (7)   Describe a progressive exercise programme for 
tendinopathy of the wrist.   

   (8)   What is the common cause of carpal tunnel 
syndrome?   

   (9)   What is the primary site for osteoarthritis in 
the wrist and hand?   

   (10)   What is the common cause of inter - carpal 
instabilities.       

  Student  q uestions 

           (1)   What are the common complications follow-
ing fractures of the wrist?   

   (2)   How quickly is an exercise rehabilitation pro-
gramme reintroduced for fl exor tendon 
ruptures?   

   (3)   What is the most common carpal bone to 
sustain a fracture and why?   

   (4)   How can plyometric exercises be undertaken 
for the wrist and hand?   
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  10 The Hip and Pelvic Complex  

  Kevin     Sims       

         SECTION 1: INTRODUCTION AND 
BACKGROUND 

 While hip and pelvic girdle pain are not as common 
as low back pain, the incidence of hip osteoarthritis 
(OA) or pelvic girdle pain (PGP) does increase with 
age and in pregnancy (Felson  et al. ,  2000 ; Van De 
Pol  et al. ,  2007 ). The purpose of this chapter is to 
review exercise approaches to these two closely 
related regions. 

  Evidence of  e xercise  e ffi cacy in the 
 m anagement of  h ip  p ain 

 Specifi c evidence for the role of exercise in hip dis-
orders is surprisingly scarce. Often the hip and knee 
are considered together with the assumption that if 
exercise is benefi cial for the knee then the same will 
apply to the hip. As an example, a recent document 
published by the Osteoarthritis Research Society 
International group provided evidence - based, 
consensus - driven recommendations for the man-
agement of hip and knee OA (Zhang  et al. ,  2008 ). 
The following recommendations specifi c to exercise 
were made: 

   �       ‘ Patients with symptomatic hip and knee OA 
may benefi t from referral to a physical thera-
pist for evaluation and instruction in appropri-
ate exercises to reduce pain and improve 
functional capacity ’ .  

   �       ‘ Patients with hip and knee OA should be 
encouraged to undertake, and continue to 
undertake, regular aerobic, muscle strengthen-
ing and range of motion exercises. For patients 
with symptomatic hip OA, exercises in water 
can be effective ’ .    

 Both of these recommendations are primarily based 
on randomised controlled trials (RCTs) of the knee. 
Apart from two RCTs (Stener - Victorin  et al. ,  2004 ; 
Cochrane  et al. ,  2005 ) supporting hydrotherapy, 
the evidence supporting exercise in hip OA is based 
largely on expert clinical opinion (Roddy  et al. , 
 2005 ). 

 However, several studies do support the effi cacy 
of exercise in managing hip OA. Both hip (37%) 
and knee (59%) OA subjects were included in an 
RCT, which looked at muscle strengthening and 
stretching, general mobility and co - ordination plus 
advice on adaptation of activities of daily living 
(van Baar  et al. ,  1998 ). The content, intensity and 
frequency of treatment were tailored to the patient ’ s 
needs. A medium reduction in pain ( a comparison 
of visual analogue scale (VAS) scores of each week 
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examined the effects of hydrotherapy on hip and 
knee OA found a reduction in pain and an increase 
in physical function utilising a programme which 
included an aerobic exercise component (Cochrane 
 et al. ,  2005 ). Several studies in subjects with knee 
OA suggest that aerobic walking programmes lead 
to a reduction in pain and disability (Kovar  et al. , 
 1992 ; Talbot  et al. ,  2003 ). This would suggest 
that similar benefi ts would occur in subjects with 
hip OA.  

  Muscle  s trength and  e ndurance 

 A large - scale review of exercise and OA bemoans 
the  ‘ almost complete absence of published data ’  on 
the effects of structured exercise and hip OA 
(Vignon  et al. ,  2006 ). As strengthening exercises 
have benefi ts for subjects with knee OA (see Chapter 
 11 ) one is left to extrapolate that similar effects 
probably occur in subjects with hip OA. One major 
study investigating the benefi ts of exercise (includ-
ing strengthening) in people with hip OA has shown 
a reduction in pain and disability (van Baar  et al. , 
 1998 ). A recent case series also includes a descrip-
tion of strengthening of the hip abductors and 
external rotators as routine in all subjects 
(MacDonald  et al. ,  2006 ). Although this is encour-
aging, further evidence is required. 

 Another alternative is to review published data 
on muscle weakness associated with hip OA. 
This provides a rationale for targeting certain 
muscle groups although the presence of muscle 
impairment does not imply cause and effect with 
hip OA. A weakness of the hip abductors, fl exors 
and adductors (tested with a dynamometer) was 
found in 27 men (average age 56) with hip OA 
when compared with healthy controls (Arokoski 
 et al. ,  2002 ). Hip extension strength was not 
different between groups but was weaker on the 
side of the more affected hip in the hip OA group. 
There was also a reduction in cross - sectional 
area (measured with magnetic resonance imaging 
(MRI)) of the pelvic and thigh muscles in the 
more severely affected hip compared with the 
better hip. 

 More recently, a study investigating predomi-
nantly older women (mean age 67) with unilateral 
hip OA identifi ed weakness (compared with the 
unaffected limb) in the hip extensors, fl exors, 
abductors, adductors and knee extensors (Rasch 
 et al. ,  2007 ). This study also identifi ed a reduced 

with the previous week) and a small reduction in 
observed disability (composite score of time taken 
and quality of performance of functional tasks) was 
found (van Baar  et al. ,  1998 ). In a later follow - up, 
these benefi cial effects were shown to decline and 
by 6 months had disappeared, indicating the need 
for long - term patient compliance with exercise pro-
grammes (van Baar  et al. ,  2001 ). 

 In another study, exercise therapy was compared 
with manual therapy (Hoeksma  et al. ,  2004 ). The 
exercise therapy was based on the protocols 
designed by van Baar  et al.   (1998)  and the manual 
therapy included muscle stretching, traction, 
manipulation and promotion of physical activity 
including walking, cycling and swimming. The 
main outcome measure was the patient ’ s perceived 
improvement on a six - point scale (ranging from 
 ‘ much worse ’  to  ‘ complete recovery ’ ). Using this 
measure, 81% of the manual therapy group and 
50% of the exercise therapy group reported an 
improvement. These improvements persisted at the 
29 - week follow - up. The authors concluded that 
there was support for the benefi cial effects of 
manual therapy although both groups improved in 
the study (Hoeksma  et al. ,  2004 ). 

 Most recently a group of community - dwelling 
patients with hip (11% control group, 5% treat-
ment group) and knee OA were treated with a 
twice - weekly, 6 - week period of hydrotherapy 
(Hinman  et al. ,  2007 ). The intervention consisted 
of progressive exercises in functional weight - bearing 
tasks under direct supervision from a physiothera-
pist. The primary outcome measures were subject -
 perceived changes in pain and physical function 
rated on a fi ve - point Likert scale (4 or 5 indicating 
improvement). The treatment group reported a 
72% improvement in pain (compared with 17% in 
the control group) and 75% improvement in physi-
cal function (compared with 17% in the control 
group). These benefi ts were maintained for 6 weeks 
after the completion of the programme with 84% 
of participants continuing to exercise independ-
ently. However, as the majority of subjects in both 
groups had knee OA the results of this study are 
most applicable to this condition. There is no evi-
dence for conditions other than hip OA. 

  Aerobic  e xercise 

 There is no specifi c evidence on the effect of aerobic 
exercise and hip disease. However, an RCT which 
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suggests balance can be improved in subjects with 
hip OA but due to the multi - modal treatment it is 
not possible to identify the relative importance of 
specifi c interventions. The lack of a control group 
makes it impossible to know if the hip OA group 
had impaired balance at the start of the 
programme.  

  Common  i njuries/ c onditions 

  Hip  OA  

 Hip OA is a common disorder characterised by loss 
of articular cartilage and new bone formation 
(Sokoloff,  1969 ). The incidence of hip OA increases 
with age (Felson  et al. ,  2000 ) but genetic and sys-
temic factors (e.g. obesity) are also part of its aetiol-
ogy (Dieppe and Lohmander,  2005 ). Occupations 
involving carrying heavy loads, exposure to vibra-
tion, repeated stair climbing or jumping (e.g. 
farmers and miners) increase the risk of developing 
hip OA (Vignon  et al. ,  2006 ). Clinically, there is a 
loss of joint range of motion, with internal rotation 
loss most closely linked to with radiographic hip 
OA (Birrell  et al. ,  2001 ).  

  Femoro -  a cetabular  i mpingement 

 Femoro - acetabular impingement is characterised 
by a contact between the head and neck of the 
femur with the acetabular rim and is associated 
with abnormalities of the proximal femur and the 
acetabulum (Beck  et al. ,  2005 ). One commonly 
described variety of impingement is cam impinge-
ment, where an aspherical femoral head is jammed 
into the acetabulum during normal ranges of 
fl exion, leading to chondral damage and labral 
tears (Lavigne  et al. ,  2004 ). The other common 
variety is pincer impingement, where there is 
contact between the acetabular rim and the femoral 
head neck junction due to acetabular over - coverage 
(Lavigne  et al. ,  2004 ). It is proposed that femoro -
 acetabular impingements are a common cause of 
early hip OA.  

  Instability/ d islocation 

 Although the hip is considered to be an inherently 
stable joint, the concept of hip instability is gaining 
momentum. Several clinical syndromes have been 

cross - sectional area (measured with computed tom-
ography (CT)) of all the major muscle groups 
except the hip abductors. This somewhat surprising 
result may be explained by the inability of CT to 
detect alterations in intra -  and extramuscular fat 
and other non - contractile components. An addi-
tional measure, radiological density, which gives an 
indication of loss of contractile muscle, did show a 
reduction in the hip abductors (Rasch  et al. ,  2007 ). 
Another study of an active, high functioning popu-
lation of subjects with unilateral hip OA did not 
show a weakness in hip fl exion, extension, abduc-
tion and adduction when compared with a control 
group of similar functional status (Sims  et al. , 
 2002 ). 

 In summary, it appears all muscle groups may be 
weakened in hip OA. Clinical observation suggests 
that around the hip, tightness and overactivity in 
the hip fl exors (tensor fascia lata (TFL) and rectus 
femoris) and weakness in the hip extensors/
abductors (glutei muscles) are common fi ndings. 
Thus it is recommended that both glutei are likely 
to benefi t from strengthening exercises in subjects 
with hip pathology.  

  Range of  m otion and  fl  exibility 

 There are no trials that have specifi cally addressed 
this aspect of exercise in hip OA. All studies of 
exercise and the hip have included range of motion 
and stretching exercises as part of the programme 
(van Baar  et al. ,  1998 ; Hoeksma  et al. ,  2004 ; 
MacDonald  et al. ,  2006 ).  

  Balance and  p roprioception 

 There are no studies that have specifi cally evaluated 
balance or proprioceptive exercises in hip OA. One 
study used kinetic postural control measures (centre 
of pressure) to evaluate a physiotherapy programme 
including range of motion, strengthening and relax-
ation exercises in 80 males with hip OA (Giemza 
 et al. ,  2007 ). The specifi c exercises were not stated 
but the programme also included massage, heat and 
ice. Subjects were treated fi ve times a week for 6 
weeks. It was concluded that the physiotherapy 
programme improved the subjects ’  postural control, 
with a reduction in centre of pressure medio -
 laterally and in antero - posterior excursion. This 
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review of physiotherapy treatments for pregnancy -
 related low back pain and PGP failed to fi nd evi-
dence of positive effect (Stuge  et al. ,  2003 ). The 
authors identifi ed two high - quality trials (Nilsson -
 Wikmar  et al. ,  1998 ; Mens  et al. ,  2000 ) which 
failed to fi nd a difference in pain intensity and 
functional status between exercise and control 
groups. 

 One of these studies (Mens  et al. ,  2000 ) utilised 
an exercise approach, based on the concept of diag-
onal slings linking the gluteus maximus, latissimus 
dorsi and the oblique abdominals in stabilising the 
sacroiliac joint. Attachment of these muscles via the 
posterior layer of thoraco - lumbar fascia provides 
compressive forces across the sacroiliac joint, which 
has been termed force closure (Pool - Goudzwaard 
 et al. ,  1998 ). This approach was compared with 
two control groups. One group did not do any 
exercises and the other exercised the longitudinal 
muscles (rectus abdominis, erector spinae and 
quadratus lumborum). All subjects were approxi-
mately 4 months post partum and were treated for 
8 weeks. While the diagonal sling proposition is 
attractive, the results of the study did not show a 
difference between the groups in terms of pain and 
perceived improvement (Mens  et al. ,  2000 ). One 
possible reason was that in the study design the 
exercises were given to patients on a videotape, 
which did not allow for individual modifi cation. 
Approximately 25% of the treatment group expe-
rienced an increase in symptoms from the exercises 
(Mens  et al. ,  2000 ), particularly longer lever exer-
cises targeting the gluteus maximus. 

 Stuge  et al .  (2004)  published a study on the phys-
iotherapy management of PGP after their system-
atic review, in which each subject was examined 
individually and a programme most appropriate to 
the individual was formulated and supervised 
throughout. In this study, both groups received 
other physiotherapy modalities as appropriate 
(mobilisation, massage, heat, etc.) but the treatment 
group performed exercises based on the diagonal 
sling approach and also utilised specifi c stabilising 
exercises (Stuge  et al. ,  2004 ). The control group 
received instruction on strengthening and stretching 
exercises but no specifi c stabilising exercises. The 
intervention period was 20 weeks with approxi-
mately 11 treatments in this time. Both groups com-
menced treatment approximately 10 weeks post 
partum. Subjects undergoing the specifi c stabilising 
programme had lower pain intensity, disability and 

described that have as their basis an excessive ante-
rior translation of the femoral head during hip 
motion (Sahrmann,  2002 ). Atraumatic instability is 
thought to occur as a result of repetitive hip rota-
tion with axial loading (Shindle  et al. ,  2006 ). This 
leads to capsular stretching and labral injury with 
subsequent micro - instability. Such a process may 
occur in athletes such as fi gure skaters, soccer 
players, ballet dancers and gymnasts. The hip may 
also dislocate (e.g. dash - board injury in motor 
vehicle accident) or subluxate (e.g. fall on a fl exed 
hip and knee playing football), commonly in a pos-
terior direction (Shindle  et al. ,  2006 ).  

  Labral  t ears 

 Tears of the acetabular labrum are increasingly rec-
ognised with the anterior labrum most commonly 
affected (McCarthy  et al. ,  2001 ). The labrum has 
sensory nerve endings in the superfi cial layers, 
making it a source of pain (Kim and Azuma,  1995 ). 
It may be damaged by any of the conditions 
described above as well as trauma. The labrum is 
continuous with chondral cartilage and thus labral 
tears are commonly associated with chondral 
defects (McCarthy  et al. ,  2001 ).  

  Trochanteric  b ursitis 

 This commonly used term is best renamed  ‘ greater 
trochanteric pain syndrome ’  as recent evidence has 
failed to fi nd bursal infl ammation in subjects with 
lateral trochanteric pain (Silva  et al. ,  2008 ). Instead 
this condition is likely to be a combination of 
gluteus medius and minimus tears or insertional 
tendinopathy (Kong  et al. ,  2007 ). It is more common 
in older females and is more likely in the presence 
of low back pain and knee OA (Segal  et al. , 
 2007 ).    

  Evidence of  e xercise  e ffi cacy in the 
 m anagement of  p elvic  g irdle  p ain 

 Dysfunctions of the pelvis are common in preg-
nancy, with PGP a common feature in 7 – 25% of 
women (Wu  et al. ,  2004 ; Van De Pol  et al. ,  2007 ). 
There is a body of evidence which has examined 
exercise in the management of PGP. A systematic 
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that received information or home exercise or 
supervised exercise (Nilsson - Wikmar  et al. ,  2005 ). 
The supervised exercises targeted the gluteals, latis-
simus dorsi and abdominals whereas the home 
exercise group performed movements of the arms 
and legs in sitting, standing and four - point kneeling 
while maintaining the pelvis in a stable position. 
Pain and function in all groups improved post 
partum with no evidence that either of the exercise 
groups were superior to the information group. It 
was concluded that perhaps exercise needs to be 
more specifi c for the transversus abdominis or may 
not be effective until after delivery (Nilsson - Wikmar 
 et al. ,  2005 ). Stabilising exercises (transversus 
abdominis and pelvic fl oor contractions) were 
found to reduce PGP pain in pre - partum women 
more effectively than standard intervention (educa-
tion and unsupervised home exercise programme) 
(Elden  et al. ,  2005 ). 

 Two other studies examined the effects of pre -
 partum exercises on the resolution of PGP post 
partum. One compared an intervention which 
included information, advice on posture and activi-
ties of daily living, and exercises (stretching and 
stabilising but not described in the text) with a 
control group with PGP who did not receive treat-
ment (Haugland  et al. ,  2006 ). Four sessions were 
delivered to small groups once per week for four 
weeks during weeks 18 – 32 of gestation. At 6 and 
12 months post partum there was no difference in 
pain levels between the groups. These fi ndings were 
consistent with another study in which the recovery 
from PGP post partum was not infl uenced by either 
specifi c stabilising exercises or acupuncture as addi-
tions to standard treatment administered between 
gestational weeks 12 and 31 (Elden  et al. ,  2008 ).  

  Range of  m otion and  fl  exibility 

 None of the studies have specifi cally addressed the 
benefi ts of this type of exercise although several 
studies have included stretching in the exercise pro-
gramme (Stuge  et al. ,  2004 ; Nilsson - Wikmar  et al. , 
 2005 ; Haugland  et al. ,  2006 ).  

  Balance and  p roprioception 

 Exercises of this type have not been investigated in 
subjects with PGP.  

a higher quality of life than the control group (Stuge 
 et al. ,  2004 ). 

 The specifi c stabilising exercises were low load 
contractions of the transversus abdominis with co -
 activation of the multifi dus. Other authors have 
demonstrated that muscles such as the erector 
spinae, gluteus maximus and biceps femoris also 
increase sacroiliac joint stiffness and help in force 
closure (van Wingerden  et al. ,  2004 ). Thus, it 
would appear that exercise approaches for persons 
with PGP should include training for the transverse 
abdominal wall, pelvic fl oor, multifi dus and gluteus 
maximus. 

 However, it would be a mistake to assume that 
stabilisation exercises are a necessary requirement 
in the management of all PGP disorders. Recently 
O ’ Sullivan (O ’ Sullivan and Beales,  2007b,c ) has 
argued that appropriate management of subjects 
with PGP is dependent on subclassifying subjects 
into groups. Mechanical PGP (as opposed to infl am-
matory) subjects may present with disorders of 
inadequate or excessive force closure. The two 
groups can be identifi ed by, among other things, 
their different responses to compression. Subjects 
with reduced force closure are helped with external 
compression (e.g. the active straight leg raise test) 
whereas in subjects with excessive force closure, 
their condition is aggravated by these procedures. 
Thus, in some cases it may be necessary to embark 
on a muscle relaxation or stretching programme 
(O ’ Sullivan and Beales,  2007b ). 

  Aerobic  e xercise 

 No trials have examined the specifi c effects of 
aerobic exercise on PGP. Given the positive effects 
in subjects with low back pain (see Chapter  6 ) one 
may expect a similarly benefi cial effect in PGP.  

  Muscle  s trength and  e ndurance 

 The preceding section on evidence of PGP exercise 
programmes has reviewed two studies where the 
diagonal sling and specifi c stabilising muscles have 
been targeted. The subjects in both of these studies 
were post partum. 

 Several other studies have investigated exercises 
designed to improve pelvic girdle support in sub-
jects pre partum. One study compared three groups 
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  Common  p elvic  c onditions/ i njuries 

  Infl ammatory  a rthritis 

 The sacroiliac joint may be affected by spondyloar-
thropathies such as ankylosing spondylitis, which 
is a progressive infl ammatory disorder. Clinical fea-
tures include back pain and progressive stiffness of 
the spine (Dakwar  et al. ,  2008 ).  

  Mechanically  i nduced  PGP   d isorders 

 A recent paper attempted to develop a logical prag-
matic approach to identifying mechanically induced 
PGP (O ’ Sullivan and Beales,  2007b ). This was done 
in order to bypass the often complicated and con-
fusing clinical models that had previously formed 
the basis for treatment. Using this approach 
mechanical PGP disorders can be subdivided into 
two main groups as described below. 

   �       Reduced force closure : The underlying dys-
function in this group is increased strain on 
sensitive and lax ligamentous tissue in the sac-
roiliac joint in association with a reduced 
ability of the central nervous system to provide 
appropriate muscle support, i.e. reduced force 
closure. This is commonly present post partum 
(O ’ Sullivan and Beales,  2007b ). This group 
will typically respond well to stabilising 
exercises.  

   �       Increased force closure : In this group the pain 
is due to excessive sustained loading of sensi-
tive structures in the sacroiliac joint by the 
surrounding muscles i.e.: increased force 
closure. In this group, PGP is often aggravated 
by performing stabilising exercises (O ’ Sullivan 
and Beales,  2007b ).        

  SECTION 2A: PRACTICAL USE OF 
EXERCISE  A ROUND THE HIP 

 Prior to commencing any exercise programme the 
physiotherapist must have assessed the patient and 
identifi ed specifi c dysfunctions in the neuromuscu-
lar system. The following exercise approaches are 
necessarily general and all patients must have a 
programme tailored to their specifi c needs. 

  Aerobic  e xercise 

 As has been noted in Section 1, there is limited 
evidence that aerobic exercise is benefi cial in sub-
jects with hip OA. However, the reader should 
review Chapter  11 , which identifi es aerobic exercise 
as of benefi t to subjects with knee OA. A simple 
graded walking or swimming programme may 
provide good benefi ts to patients with hip OA. 

 An example of a walking programme (modifi ed 
from Ettinger  et al. ,  1997 ) is given in Table  10.1 .   

 Note: Care should be taken to ensure an optimal 
gait pattern. This may require use of walking aids 
such as a stick or walking poles (Fig.  10.1 ).    

  Strengthening  e xercise 

 As a general rule the exercises should replicate the 
function which will be required. For example, the 
gluteals are required to work in their inner range 
during stance phase of gait. Thus exercises should 
be performed in this functional range (Sullivan  et 
al. ,  1982 ). 

  Early  p hase 

 In order to encourage a benefi cial co - activation of 
the surrounding hip muscles to optimise support of 
the joint an early - stage exercise is to ask the patient 
to gently draw the hip into the socket. This may be 
done in supine crook lying (Fig.  10.2 ) and may be 
facilitated by asking the patient to resist a gentle 
long axis distraction. Once learned, this action may 
be incorporated prior to the commencement of 
other exercises.   

 Gluteus medius is retrained in side lying with an 
external rotation of the hip (Fig.  10.3 ). The empha-
sis is on hip motion without motion in the pelvis 
and low back. Adjusting the degree of hip fl exion 
may be required to ensure the activation is of 
gluteus medius rather than TFL. Emphasis is on 
maintaining an inner range hold for up to 10 
seconds, provided the patient has suffi cient endur-
ance. The number of repetitions is again determined 
by the patient ’ s ability.   

 Both gluteus maximus and gluteus medius con-
traction may be facilitated by inner range hip exten-
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around the joint, improving muscular contraction 
(Dee,  1969 ; Kisner and Colby,  1996 ).   

 Open chain hip extension in prone is best per-
formed after the previous exercise when the muscle 
is likely to be optimally facilitated. Focus initially 
would be on maintaining an inner range hold (Fig. 
 10.5 ).   

 Hip external rotation may also be retrained in 
sitting with Thera -  Band ®  resistance (Fig.  10.6 ). A 
neutral spine position is essential to the optimal 

sion in supine with leg over the side of the bed (Fig. 
 10.4 ). This closed kinetic chain exercise has the 
advantage over open chain exercise such as prone 
hip extension because the weight - bearing compo-
nent effectively stimulates mechanoreceptors 

  Table 10.1    Walking programme for hip osteoarthritis 

   Week     Frequency     Duration     Programme  

  Week 1    2 days per week    25   min    Warm up 5   min (slow walking, arm circles, trunk rotation, 
shoulder and chest stretches, and side stretch)  

  Walk 15   min (ideally 50% of max heart rate)  
  Warm down (slow walking and three fl exibility exercises: 

a shoulder stretch, hamstring stretch, and lower back 
stretch)  

  Week 2    3 days per week    25   min    As per week 1  

  Week 3    3 days per week    30   min    Increase walk to 20   min  

  Week 4    3 days per week    40   min    Increase walk to 30   min  

  Week 5    3 days per week    50   min    Increase walk to 40   min  

  Week 6 +     3 days per week    60   min    Increase walk to 50   min  

     Figure 10.1     An older adult walking with a single stick to 
minimise limp.  

     Figure 10.2     Manual facilitation of co - activation of hip 
muscles to draw the hip into the socket. The therapist is 
applying a gentle longitudinal distraction along the line of the 
femur while the patient resists this action.  
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initially require a conscious pre - activation of the 
stance limb gluteals.    

  Later  p hase 

 Higher - level gluteus medius exercise is done by per-
forming hip abduction with an extended knee (Fig. 
 10.8 ). The hip must not drift into fl exion or internal 

performance of this exercise. It is proposed that in 
addition to gluteus medius, iliopsoas is also active 
in this exercise (Johnston  et al. ,  1999 ).   

 It is important to include retraining of gluteus 
medius function in standing early in a rehabilitation 
programme. Initially this may involve optimising 
the standing posture (specifi c to the individual 
patient) and training them to maintain pelvic align-
ment in the frontal plane while they lift their con-
tralateral limb onto a step (Fig.  10.7 ). This may 

     Figure 10.3     Retraining inner range gluteus medius function 
in side lying. The patient performs hip external rotation 
without movement in the trunk or pelvis and use their hand 
to ensure gluteus medius is active.  

     Figure 10.4     Retraining inner range gluteus maximus func-
tion in supine lying. The patient performs hip extension with 
knee fl exion to minimise hamstring contribution. The lumbar 
spine is maintained in a neutral position.  

     Figure 10.5     Retraining inner range gluteus maximus func-
tion in prone. The patient performs hip extension with knee 
fl exion. The pillow helps to maintain the lumbar spine in a 
neutral position.  

     Figure 10.6     Hip external rotation in sitting with Thera -
 Band ®  resistance.  
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on a step. The stance limb gluteus medius then 
eccentrically lowers and concentrically raises the 
contralateral pelvis (Fig.  10.9 ). The patient must be 
aware not to rely on the contralateral trunk lateral 
fl exors (quadratus lumborum) to dominate in this 
exercise. Use of a mirror may help to reinforce the 

rotation to avoid TFL dominating the abduction 
synergy. Rehabilitation should target inner range 
holds initially but may also include through range 
repetitions.   

 Standing gluteus medius activity can be pro-
gressed by having the patient stand with one foot 

     Figure 10.7     Stepping while maintaining optimal pelvic 
alignment of the stance limb.  

     Figure 10.8     Hip abduction keeping the leg in line with the 
trunk and palpating the gluteus medius to ensure it is active.  

     Figure 10.9     Activation of gluteus 
medius in standing by correcting lateral 
pelvic alignment on the stance limb.  (a) (b)
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  Range of  m otion and 
 fl  exibility  e xercises 

 There is no specifi c published evidence that stretch-
ing exercises are useful when dealing with hip 

correct movement pattern. This may be progressed 
by standing on a step with the contralateral limb 
unsupported. The stance limb abductors then 
control the lowering and raising of the contralateral 
pelvis (Fig.  10.10 ). Depending on the specifi c dys-
function present in the patient it may be necessary 
to practise maintaining control of the pelvic posi-
tion during gait, e.g. stance phase of gait. This may 
be enhanced by use of a mirror.   

 Higher - level gluteus maximus function should 
include double leg squats where instruction of 
correct technique is important. It is optimal for the 
patient to keep the anterior knee over the middle 
of the arch of the foot during the squat (Fig.  10.11 ). 
During the return to the upright position the 
patient must initiate the movement from the pelvis 
and not the thorax. Bridging exercises are also good 
to challenge gluteus maximus function to a higher 
level.   

 It may also be important to modify standing 
postures to optimise gluteus medius and maximus 
function. For example, patients who tend to slouch 
and stand excessively onto one limb are instructed 
to limit the amount of hip adduction by maintain-
ing gluteus medius tone (Fig.  10.12 ). Similarly, 
people who stand with excessive lumbar extension 
may need to incorporate gluteus maximus activity 
to maintain a more neutral position of the pelvis 
relative to the lumbar spine.     

     Figures 10.10     A progression of gluteus 
medius activation in standing by cor-
recting lateral pelvic alignment on the 
stance limb as the contralateral pelvis is 
slowly lowered and raised.  (a) (b)

     Figure 10.11     Gluteus maximus activation in a functional 
squat position whilst maintaining good lumbo - pelvic 
alignment.  
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  Summary 

 In order to sustain the benefi cial effects of treatment 
it is important that the patient continues with the 
programme after a treatment phase. An important 
way to achieve this is to incorporate exercises into 
functional tasks that the patient performs regularly. 
Exercise training should simulate the functional 
tasks (Pisters  et al. ,  2007 ) or aim simply to alter 
movement patterns during the functional tasks so 
that the appropriate muscles are recruited or 
stretched.   

  SECTION 2B: PRACTICAL USE 
OF EXERCISE  A ROUND 
THE PELVIS 

 This section provides a brief outline of the use of 
exercise around the pelvis. The specifi c exercises are 
outlined elsewhere in this text. Again it is critical 
to assess each patient to design a programme spe-
cifi cally tailored to their needs. 

pathology. However, two studies which did identify 
benefi ts for subjects with hip OA both included 
stretching in the treatment programme (van Baar 
 et al. ,  1998 ; Hoeksma  et al. ,  2004 ). It is recom-
mended that all patients should be assessed indi-
vidually to identify specifi c muscle tightness. 
However, the hip fl exors, hip adductors and hip 
external rotators will commonly require stretching. 
Suggested stretches for these regions are shown in 
Figure  10.13 . When stretching the hip external 
rotators it is important to avoid an increase in groin 
discomfort.    

  Proprioceptive and  b alance  t raining 

 There is no published evidence on this form of 
training. It may be that in some cases basic balance 
training may be a useful means of generally facili-
tating muscles around the hip prior to strengthen-
ing exercises. A progression from maintaining static 
positions (Fig.  10.14 a tandem stance) to more 
dynamic situations (Fig.  10.14 b standing on one leg 
with contralateral leg swings) to advanced situa-
tions (e.g. standing on one leg with contralateral leg 
swings and eyes closed).    

     Figure 10.12     Utilising active control 
to minimise slouch standing on stance 
limb. ( a ) The patient is standing in 
excessive lateral pelvic tilt. ( b ) This has 
been corrected by activation of the 
gluteus medius.  (a) (b)
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  Aerobic  e xercise 

 Several studies have indicated that general aerobic 
activity is benefi cial in the management of low back 
pain (see Chapter  6 ). There is every reason to 
believe that a carefully structured aerobic exercise 
programme would have a similar benefi t for patients 
with PGP. 

 Any aerobic exercise should take into account the 
ability to transfer load through the pelvis. Given that 
in many patients the pain is likely to be aggravated 
by the excessive impact forces associated with 
walking and running, the pool may be more appro-
priate. It is also wise to avoid activities with empha-
sis on twisting and rapid direction changes (e.g. 
tennis, squash, netball) until muscle strength and 
pain are both improved. An example of a low - impact 
pool session programme is given in Table  10.2 .    

  Strengthening  e xercise 

 As seen in Section 1 the evidence suggests that 
patients with PGP due to reduced force closure will 
respond well to exercise targeting the transverse 
abdominal wall, the pelvic fl oor, multifi dus and 
gluteus maximus. A strengthening programme for 
the hip musculature would follow the same pro-
gressions as outlined in Section 2A. A programme 
to improve lumbo - pelvic muscle function is 
described in Chapter  6  on the lumbar spine. 

 In most cases, the success of any exercise pro-
gramme hinges on the patient being able to incor-
porate muscle support into functional situations 
such as standing and walking. As has been described 
in Section 2A this may require activation of the 
gluteals and the transverse abdominal wall muscles 
to maintain an optimal alignment between the 
pelvis and the lumbar spine (Fig.  10.15 ). Neglecting 
this important aspect of exercise therapy will lead 
to disappointing results.    

  Range of  m otion and 
 s tretching  e xercises 

 There is no specifi c evidence regarding stretching 
and the management of PGP. One study showing 

     Figure 10.13     Stretches for the ( a ) buttock, ( b ) hip adductors 
and ( c ) fl exors. Note: ( c ) the neutral lumbo - pelvic position 
and ( b ) the use of the wall to maintain an upright position of 
the trunk.  

(a)

(b)

(c)
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     Figure 10.14     ( a ) Tandem stance and 
( b ) leg swings. This exercise can be pro-
gressed by repeating with eyes closed.  (a) (b)

  Table 10.2    A low - impact pool session for patients with PGP 

  Warm - up    Walk 1   min forward 
 Walk 1   min backward 
 Walk 1   min side step 
 Repeat twice 
 Stretch hip fl exor/quads/buttock/low back/shoulders overhead  

  Main set    10 squats 
 10 lunges 
 10 leg forward leg swings each side (focus on keeping abdominal support) 
 Treading water holding onto pool side (1   min) 
 Shoulder abduction (bilateral) in squat position 10  ×  
 Trunk rotations with arms in 90 °  fl ex 10    ×    each side 
 Horizontal shoulder fl ex/ext in squat 10    ×    each direction 
 Treading water holding onto pool side (1   min)  

  Cool - down    Walk 3   min 
 Gentle bicycling/kicking, holding onto edge of pool (2   min) (focus on relaxation via breathing)  

improvement in PGP with exercises included 
stretching of the buttock, hip fl exors and quadri-
ceps in the programme, based on an individual 
assessment of the patient (Stuge  et al. ,  2004 ). 
Stretches of these muscle groups are described in 
Section 2A. It is likely that patients with PGP 
related to excessive force closure may respond 
better to stretching exercises of muscles identifi ed 
as being overactive.  

  Proprioception  e xercises 

 There is no documented evidence to support this 
form of training in patients with PGP. However, it 
may be relevant to re - educate patients and increase 
their awareness of trunk and pelvis body position 
to improve sitting and standing postures. The use 
of a mirror to optimise this is recommended.   
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  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS         

     Figure 10.15     Correcting lumbo - pelvic 
position from excessive anterior pelvic 
tilt ( a ) to a more neutral position ( b ) 
using activation of the transverse 
abdominal wall and the gluteals.  (a) (b)

     A 68 - year - old woman presents with 4 years of left 
groin pain and stiffness gradually becoming more 
noticeable. An X - ray shows degenerative changes 
in the hip joint with a loss of superior joint space. 
Her main functional problems are stiffness after 
prolonged sitting and in the morning. She also is 
unable to walk or stand for more than an hour 
before experiencing signifi cant groin discomfort. 
Examination reveals a loss of internal rotation , 
 fl exion and extension. During left stance phase of 
gait her left hip is kept in slight adduction the 
pelvis shifts to the left. She has weakness of the 
gluteus medius and maximus and an overactive 
TFL.   

  Management 

 This woman has a mild superior form of hip OA. 
Her functional problems are standing and walking, 
and treatment is focused on improving these 

issues. Manual therapy (a longitudinal distrac-
tion) is used early to improve movement, reduce 
pain and give an associated improvement in 
muscle activation. Gentle massage and stretching 
of the left TFL is also done before starting on the 
exercise approach. Early exercise treatment is 
based on improving the function of the gluteus 
medius. This is done in side lying with a pillow 
between knees and externally rotating the hip. 
With manual guidance of the motion, the patient 
is able to activate the gluteus medius without 
domination of the TFL. She can hold this position 
for only 2 – 3 seconds and after four repetitions she 
is fatigued. Following this, the patient practises 
standing on the left leg with the right leg on a step. 
In this position the patient maintains the pelvis in 
a neutral position in the frontal plane (i.e. avoids 
stance limb hip adduction) using the gluteus 
medius and not the TFL. This position does not 
feel normal to the patient and a mirror is an 
important tool to improve her awareness of the 

 Case study 1 
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new position. She is instructed that she must rep-
licate this new position for as long as possible 
whenever she is standing. 

 Further treatments involve progressing the 
gluteus medius into inner range and increasing 
the length of holding time up to 10 seconds. The 
standing exercises are progressed to lifting the 
contralateral limb off the step while maintaining 
the pelvis in the neutral position. It is important 
to introduce gait re - education into the programme 
as her awareness of pelvis neutral improves. 
Initially this is done using a stick in the opposite 

hand which allows her to focus (with feedback 
from therapist and mirror) on minimising the 
excessive lateral motion of the pelvis. In addition 
to this she is also given a stretch for the TFL and 
prone hip extensions to improve gluteus medius 
activation. From this point the patient is encour-
aged to walk without the stick as her gait pattern 
improves. She is also educated about controlling 
her walking volumes to reduce fl are - ups. She also 
joins a local seniors group for water exercises 
once a week. Two years later her pain is much 
reduced and she is able to walk longer distances.  

Case study 1—cont’d

     A 28 - year - old delivery driver presents with 6 
months of right groin pain following an incident 
in standing when he was forced into lumbar 
hyperextension with his pelvis fi xed. He initially 
had low back pain, which later settled, and is now 
troubled by groin pain on walking (as the right 
hip extends) and prolonged standing. On exami-
nation he stands in a sway back posture with 
increased passive hip extension. He has poor 
abdominal and gluteal tone bilaterally ,  worse 
on the right side and his gluteus maximus activa-
tion and strength are poor. His range of hip exten-
sion is excessive ,  psoas is lengthened and weak. 
Passive accessory glides indicate increased 
anterior range of motion. An MRI of the hip is 
normal.   

  Management 

 This man has clinical signs of instability which fi t 
in with the mechanism of injury of hip hyperex-
tension. Because his pain is aggravated by stand-
ing the initial focus of treatment is to improve the 
position of passive hip extension in which he 
habitually stands. This is done by doing posterior 

pelvic tilts in supine which activate the abdomi-
nals and gluteus maximus. This is immediately 
incorporated into standing with feedback to bring 
the pelvis back under the trunk. A mirror is 
required to illustrate this to him and he immedi-
ately feels more comfortable in this position. To 
manage the pain with walking, he is given a squat 
exercise in standing and a prone hip extension 
exercise to improve gluteal activation. 

 Once this programme has been started he is 
also instructed on maintaining a better neutral 
spine posture in sitting. He practises moving in 
and out of this position when driving. This 
encourages activation of psoas. To further acti-
vate this muscle hip external rotation with Thera -
 Band ®  resistance in a neutral spine sitting posture 
is also added. The patient also fi nds that his pain 
on walking can be reduced if he tries to keep his 
pelvis under his trunk. This leads to better recruit-
ment of the abdominals and gluteals (and prob-
ably the psoas also). Two months later his pain is 
absent in standing and his walking is much 
improved provided that he does not over - stride. 
He is happy with his progress and elects to self -
 manage his condition with a continuation of his 
exercise programme.  

 Case study 2 
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   (7)   Is there evidence that exercise in pre partum 
women can infl uence the recovery from PGP 
in women?   

   (8)   Do all people with PGP require stability 
training?   

   (9)   Why is it important to retrain the gluteus 
medius and maximus in the inner range?   

   (10)   Which group of patients with PGP is likely to 
respond better to stretching exercises?       
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  11 The Knee  

  Mandy     Johnson       

         SECTION 1: INTRODUCTION 
AND BACKGROUND 

 The knee joint is one of the most commonly injured 
joints in both the working and the sporting environ-
ment. It is made susceptible to injury because of the 
shape of the bony surfaces and the two long lever 
arms, created by the femur and tibia. Its stability is 
provided by the soft tissues surrounding the joint. 
Even though the joint is technically unstable it takes 
tremendous force, more than three times the body 
weight (Chen and Black,  1980 ), to disrupt the sur-
rounding soft tissue. The patellofemoral joint is 
integral to the correct functioning of the knee joint. 
It acts as a modifi ed pulley system to lengthen the 
lever arm of the quadriceps mechanism. 

  Evidence for the  u se of  e xercise in the 
 r ehabilitation of  k nee  i njuries 

 The use of exercise for the rehabilitation of knee 
injuries has been well illustrated in the literature for 
numerous conditions and injuries, both acute and 
chronic. Fransen  et al.   (2001)  carried out a system-
atic review of the use of exercise therapy for oste-

oarthritis (OA) of the knee. Seventeen randomised 
controlled trials (RCTs) were identifi ed, which 
included 2562 patients. The studies looked at the 
effectiveness of an exercise programme in relation 
to self - reported pain and increases in physical func-
tion. There was a mixture of exercise protocols on 
both a group and individual basis. The overall con-
clusions were that therapeutic exercise demonstrates 
a benefi cial effect on pain and physical function for 
people with symptomatic OA of the knee joint and 
that group therapy was as effective as individual 
therapy. Van Baar  et al.   (1999)  also conducted a 
systematic review examining the effectiveness of 
exercise therapy in patients with OA of the hip or 
knee. They concluded that there was evidence to 
support the use of therapeutic exercise in the man-
agement of hip or knee OA. In an RCT of 83 
patients with OA of the knee, Deyle  et al.   (2000)  
demonstrated that manual physiotherapy combined 
with an exercise programme (which included: 
stretches and range of motion (ROM) exercises; 
riding a stationary bike; muscle strengthening exer-
cise) decreased pain and stiffness and increased the 
distance walked in 6 minutes and was associated 
with less surgery. A frequent mode of delivery of an 
exercise programme is through hydrotherapy which 
has a number of benefi ts, particularly in the man-
agement of the more disabled patient. Silva  et al.  
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measures and surveillance periods. More specifi -
cally, there is a need to identify the exercise mode 
that is the most effective. 

 Compared with the number of studies on reha-
bilitation of the ACL, there is less evidence regard-
ing the role of exercise in posterior cruciate ligament 
(PCL) rehabilitation, which probably refl ects the 
number of cases seen in practice. Peccin  et al.  
 (2005) , in a review of treatment of the PCL, identi-
fi ed 286 studies that involved use of exercise in the 
rehabilitation process but none of these trials were 
randomised or even quasi - randomised. The problem 
for researchers when carrying out randomised trials 
for both ACL and PCL rehabilitation is that exer-
cise therapy is traditionally a fundamental part of 
any rehabilitation programme for both these inju-
ries. It is therefore unlikely that a trial would 
compare an exercise versus a non - exercise control 
group due to ethical considerations. It is also dif-
fi cult to compare different types of exercise pro-
gramme because many exercises are multifunctional, 
particularly as soon as weight - bearing begins, e.g. 
the squat can be used for strengthening, proprio-
ception, balance and in some circumstances range 
of movement of the knee. 

 In summary, there are a number of studies which 
demonstrate the effi cacy of general exercise in the 
management of knee pain related to specifi c condi-
tions, notably OA and cruciate ligament injury. 
However, the lack of clear description of the exer-
cise mode and methodological limitations in pub-
lished studies warrant further work in this area. 

  Aerobic  e xercise 

 One of the diffi culties in examining the effect of 
aerobic exercise in the management of disorders of 
the knee is the absence of trials investigating aerobic 
activity only. Many of the studies outlined above 
combined aerobic exercise with other activities such 
as muscle strengthening and ROM exercises. 
Ettinger  et al.   (1997)  stratifi ed patients with knee 
OA into an aerobic exercise group or resistance 
exercise group as part of an RCT. They found that 
both groups had modest improvements in a number 
of outcome measures including measures of disabil-
ity, physical performance and pain. This suggests 
that aerobic exercise is important in the manage-
ment of OA of the knee. Rogind  et al.   (1998)  exam-
ined the effects of a  ‘ physical training ’  programme 

 (2008)  examined the effect of a hydrotherapy exer-
cise programme versus a conventional land - based 
exercise regimen for management of patients with 
OA of the knee. This RCT of 64 subjects concluded 
that although both water -  and land - based exercises 
reduced knee pain and increased knee function, 
hydrotherapy was superior in relieving pain during 
and after walking. Further evidence in support of 
aquatic exercise in the management of knee (and 
hip) OA came from a systematic review of six trials 
(800 subjects) by Bartels  et al.   (2007) . Although 
there were methodological limitations in a number 
of trials, the authors concluded that aquatic exercise 
has a benefi cial effect in the short term for patients 
with OA of the hip or knee. 

 There are a number of studies on exercise proto-
cols for anterior cruciate ligament (ACL) rehabilita-
tion, pre and post surgical reconstruction, although 
some show methodological limitations. Trees  et al.  
 (2005)  carried out a systematic review of treatment 
of isolated ACL injuries. They reviewed nine trials 
consisting of 391 participants. Two trials examined 
conservative treatment and the remainder exam-
ined exercise programmes, post surgery. The 
outcome measures for all these studies were return 
to work and return to pre - injury activity levels 
measured at 6 and 12 months. The general conclu-
sions of this review were that even though active 
exercise is an accepted part of treatment of ACL 
injuries there were no signifi cant differences between 
the various exercise routines. 

 Trees  et al.   (2007)  carried out a systematic review 
of the exercise regimes of ACL injuries in combina-
tion with meniscal and collateral ligament injury 
which is more frequent than isolated injuries. Six 
studies were identifi ed, involving 343 participants. 
One study was conservative and all the rest fol-
lowed reconstruction surgery. The outcome meas-
ures were the same as in the previous review. Again 
all the studies involved exercise of various types 
from isometric to isotonic work, joint mobility, 
balance and proprioception. Some of the studies 
compared supervised with home - based programmes 
or accelerated versus non - accelerated programmes. 
The general conclusions were similar to the previ-
ous review in that there were no signifi cant differ-
ences between exercise regimens. These reviews 
demonstrate that although exercise shows effi cacy 
in the management of ACL injury, there is a require-
ment for further research, with well - controlled ran-
domised studies, and consensus on suitable outcome 



The Knee 161

the knee joint complex. It was found that backward 
pedalling offers reduced tibiofemoral compressive 
loads for knee disorders such as meniscus damage 
and OA but higher patellofemoral joint loads. The 
authors recommended that backward pedalling 
should not be prescribed for patients with disorders 
of the patellofemoral joint or after ACL injury or 
reconstruction. 

 Thus there appears to be clear evidence for the 
benefi ts of aerobic exercise in the management of 
disorders of the knee although there is a require-
ment for further trials considering aerobic activity 
as a sole intervention. While evidence suggests that 
high levels of activity may increase risk of injury, it 
should be noted that this research was conducted 
on a specifi c group of patients who also exposed 
the knee joint to extreme loading as a result of 
contact injury. Further, there is evidence to the con-
trary that low levels of activity may predispose 
individuals to a higher level of disability associated 
with OA of the knee.  

  Balance and  p roprioception 

 The role of proprioception in the function of the 
knee joint complex has received growing attention 
in recent years. This is a result of studies which have 
noted proprioceptive defi cits following injury or 
defi cits associated with pathology. While it is 
unclear if the proprioceptive defi cits precede or are 
as a result of disorders of the joint, proprioceptive 
training has being adopted as an integral part of 
knee rehabilitation. Baker, V.,  et al.   (2002)  found 
abnormal knee joint proprioception in individuals 
with patellofemoral pain syndrome while Bonfi m 
 et al.   (2003)  and Reider  et al.   (2003)  noted similar 
defi cits in patients with ACL impairments (lesions 
and following reconstruction). The role of proprio-
ception in knee OA is less clear with confl icting 
evidence in the literature. Koralewicz and Engh 
 (2000) , Pai  et al.   (1997)  and Hassan  et al.   (2001)  
all found evidence of proprioceptive defi cits in indi-
viduals with knee OA when compared with con-
trols. However, Bayramoglu  et al.   (2007)  found 
that in 50 patients with bilateral knee OA, reposi-
tioning error was not affected in those with a mild -
 to - moderate form of the disease. Reasons for altered 
joint position sense, particularly in OA, have not 
been clearly established yet. Pain has been cited as 
a factor in proprioceptive defi cits although there is 

on patients with OA of the knee, demonstrating 
benefi cial effects, even in those with severe OA. 

 In a number of joints discussed throughout this 
book, poor levels of physical activity and thus 
aerobic fi tness have been cited as a risk factor for 
onset, associated disability and pain in muscu-
loskeletal disorders. A number of studies have pro-
duced similar fi ndings in disorders of the knee. 
Manninen  et al.   (2001)  examined the association 
between physical exercise and the risk of severe 
knee OA requiring arthroplasty. Their results 
showed that the risk of severe knee OA decreased 
with increasing cumulative hours of recreational 
physical exercise. The effect of exercise on levels of 
disability associated with knee OA was examined 
by Pennix  et al.   (2001) . The study concluded that 
aerobic and resistance exercise may reduce levels of 
disability in older people with knee OA. Similarly, 
Dias  et al.   (2003)  and Evcik and Sonel  (2002)  also 
found that an exercise and walking protocol had a 
positive effect on the quality of life of elderly indi-
viduals with knee OA. Thus, while it is unclear how 
activity levels are related to onset of knee OA, evi-
dence suggests that the inclusion of aerobic exercise 
is needed for optimal management. 

 On the contrary, a number of recent studies have 
noted an increased risk of knee OA and muscu-
loskeletal disorders of the knee in general with high 
levels of physical activity, particularly in sports such 
as soccer (Drawer and Fuller,  2001 ). These studies 
must be considered with caution as they examine 
the effects of high - intensity exercise, often with the 
inclusion of contact injury. Intensity of aerobic 
exercise in the management of OA of the knee was 
investigated by Brosseau  et al.   (2003) , who ana-
lysed a number of trials in the area, and concluded 
that both high -  and low - intensity aerobic exercise 
are equally effective in improving a number of 
outcome measures in subjects with OA knee. The 
analysis also concluded that programmes with 
higher - intensity exercise components had a greater 
drop - out rate, indicating that low - intensity aerobic 
exercise may be the safest and most successful type 
of programme. The type of exercise prescribed in 
these studies was primarily stationary cycling, pre-
sumably chosen as it loads the knee joint less than 
a weight - bearing activity. The biomechanics of this 
activity, however, should be considered with 
caution. Neptune and Kautz  (2000)  examined the 
effects of backward and forward pedalling on a 
stationary bike to establish the relative loading of 
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 (2000)  included passive joint movements, muscle 
stretching and soft - tissue mobilisation as well as 
 ‘ ROM exercises for the knee ’  in an 8 - week pro-
gramme for knee OA. However, strengthening exer-
cises for the hip and knee were also included as part 
of the intervention. While the programme was con-
cluded to be successful with a signifi cant number of 
subjects reporting a  ‘ decrease in stiffness in the 
knee ’ , this measure is likely to be a subjective report 
as measurement of knee joint ROM was not carried 
out in any part of the trial. 

 ROM exercises are routinely used by many clini-
cians, as most knee disorders, particularly those 
which are degenerative in nature, present with 
decreased ROM. While many clinicians would 
support the effi cacy of this approach, there is a 
requirement for more research to endorse this clini-
cal application.  

  Muscle  s trength and  e ndurance 

 Muscle strengthening exercise is a core component 
of rehabilitation of knee disorders for most practi-
tioners. This is likely to be a refl ection of the fact 
that muscle weakness surrounding the joint, par-
ticularly of the quadriceps, has been found to be 
both a risk factor and a common fi nding in condi-
tions such as OA (Slemenda  et al. ,  1997 ; Lewek 
 et al. ,  2004 ). A number of studies have focused on 
this single component of rehabilitation, particularly 
in the treatment of knee osteoarthritis. Baker, K.R., 
 et al.   (2001)  examined the effi cacy of home - based 
progressive strength training in adults with knee 
OA. A combination of functional exercises such as 
squats and resistance exercises with ankle weights 
were performed by patients three times per week 
for 4 months. The researchers ’  fi ndings showed that 
high - intensity, home - based strength training can 
produce substantial improvements in strength, 
pain, physical function and quality of life in patients 
with knee OA. In a similarly designed trial, O ’ Reilly 
 et al.   (1999)  showed that a home exercise pro-
gramme, which consisted of strengthening exercise 
for the quadriceps, signifi cantly improved self -
 reported knee pain and function in patients with 
knee OA. 

 There is debate regarding the optimal mode of 
exercise in the management of knee disorders, par-
ticularly of OA. Jan  et al.   (2008)  examined the rela-
tive effects of high versus low load resistance 

no consensus regarding this idea. Erden  et al.   (2003)  
found a positive correlation between pain and 
altered joint position sense, while Bennell  et al.  
 (2003)  found no signifi cant correlation between 
pain and proprioceptive function in patients with 
OA of the knee. 

 Sensorimotor or proprioceptive training has been 
shown to have benefi ts in improving joint position 
sense in knee disorders in a number of trials. Tsauo 
 et al.   (2008)  showed that sensorimotor training 
using a sling suspension system improved proprio-
ception in the knee joints as well as self - reported 
function in patients with knee OA. In a prospective 
cohort study of team handball players, Panics  et al.  
 (2008)  showed that proprioceptive training 
improved knee joint position sense and suggested 
that this improvement may have reduce the rate of 
injury. 

 While there is still a need for further research in 
the area, particularly to establish if poor proprio-
ception is a risk factor for injury or is a consequence 
of pathology, the evidence above suggests that pro-
prioceptive training should be an integral part of a 
knee rehabilitation programme.  

  Range of  m ovement and 
 fl  exibility  e xercises 

 The rehabilitation of hamstring injuries is well doc-
umented in the literature, which refl ects the inci-
dence of the injury, especially in the sporting 
population and particularly the elite athlete popula-
tion. Mason  et al.   (2007)  performed a systematic 
review of rehabilitation of hamstring injuries. The 
review compared three RCTs. All the trials investi-
gated used stretching exercises as an integral part 
of the rehabilitation programme, which refl ects the 
acceptance of this technique in contemporary treat-
ment protocols. All three studies showed an 
improved rate of recovery with the stretching exer-
cises but other treatment protocols were employed 
with the stretches, which could have infl uenced the 
results, therefore no one protocol seemed to be 
more successful than the other two. 

 As with aerobic exercise, there is a paucity of 
studies examining the role of ROM or stretching 
exercise in the management of knee pathology. 
Many of the trials described above include ROM 
exercise in their protocol but only with the addition 
of aerobic and strengthening exercise. Deyle  et al.  
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(CKC) exercises. Of the three studies that compared 
exercise groups with non - exercise groups, all trials 
found that there was an improvement in pain levels 
but little change in functional capacity. Of the 
studies comparing OKC with CKC exercises both 
were said to be signifi cantly effective but no method 
was more successful. This conclusion was sup-
ported by Herrington and Al - Sherhi  (2007)  and 
Witvrouw  et al.   (2004) , who showed signifi cant 
improvements in clinical outcomes with both open 
and closed kinetic chain exercises both in the short 
and in the long term. O ’ Sullivan  (2005)  went 
further, stating that to achieve the most successful 
recruitment of the vastus medialis obliquus (VMO) 
during the rehabilitation of PFPS, both open and 
closed kinetic chain exercises should be carried out. 
Cowan  et al .  (2002)  showed that by applying a 
specifi c progressive rehabilitation programme, the 
motor control of the VMO could be altered in rela-
tion to the vastus lateralis, leading to a positive 
outcome. However, Syme  et al.   (2008)  demon-
strated similar results with the use of either VMO 
selective training or general quadriceps strengthen-
ing only and suggested that clinicians should not 
over focus on selective activation before progress-
ing rehabilitation. 

 However, in a more recent study, Fredberg  et al.  
 (2008)  examined the effect of prophylactic eccen-
tric training in asymptomatic soccer players with 
ultrasonographic abnormalities in Achilles and 
patellar tendons. The fi ndings were that a stretching 
and eccentric programme reduced the risk of abnor-
mal ultrasound fi ndings but had no effect on reduc-
ing injury risk. However, it was also shown that in 
asymptomatic players with abnormal ultrasound 
fi ndings, the exercise protocol increased injury risk. 
As this study examined both eccentric exercise and 
stretching, it was not possible to come to a clear 
conclusion regarding eccentric exercise and injury 
risk, suggesting that there is still a requirement for 
more research in this area. 

 There has been a great deal of debate about the 
effi cacy of open versus closed kinetic chain work 
for knee ligament injuries. CKC exercises are con-
sidered to be safer as they are thought produce less 
shear factors across the joint. The major problem 
with CKC exercises is that even though they are less 
stressful to the ACL they put more pressure on the 
patellofemoral joint. It therefore makes it diffi cult 
to treat a patient with multiple pathologies. 
Tagesson  et al.   (2008)  examined the role of closed 

strength training in patients with knee OA resulting 
in signifi cant improvements in pain, function, 
walking time and muscle torque for both modes. 
The effects of high resistance strength training were 
larger than that of low load training although this 
fi nding was not statistically signifi cant. Cheing 
 et al.   (2002)  found that a 4 - week programme of 
simple isometric exercise was effective in reducing 
knee pain in those with OA. Eyigor  (2004)  investi-
gated the effi cacy of isokinetic and progressive 
resistance exercise in 40 patients with knee OA, and 
found that both modes of exercise reduced pain and 
relieved function, with no statistically signifi cant 
differences between the two programmes. As a 
simple progressive resistance programme is cheaper 
and more easily performed by the patient than iso-
kinetic exercises it presents a viable option in the 
management of knee OA. This mode of training is 
supported by the fi ndings of Sevick  et al.   (2000) , 
who examined the cost - effectiveness of aerobic and 
resistance exercise in seniors with knee OA. In a 
study including 439 patients with OA of the knee, 
they found that resistance training was more eco-
nomically effi cient than aerobic exercise in improv-
ing physical function. 

 Research in recent years has been directed at 
analysis of strengthening protocols for the manage-
ment of specifi c pathologies, notably patellar tendi-
nopathy and ACL defi ciency. Visnes and Bahr 
 (2007)  performed a critical review of the role of 
eccentric training as treatment for patellar tendin-
opathy. Following analysis of seven studies, the 
authors concluded that most studies suggest that 
eccentric strength training with the inclusion of an 
incline board provides the best outcome in manage-
ment of this condition. However, no specifi c proto-
col demonstrated superiority over any other. 
Heintjes  et al.   (2003)  performed a systematic review 
of exercise therapy for patellofemoral pain syn-
drome (PFPS). Twelve studies were identifi ed (nine 
RCTs and three concurrent controlled trials). Three 
studies compared a group receiving exercises against 
groups that did not. One group underwent a pro-
gramme of eccentric exercises, another group 
underwent a programme of static open chain exer-
cises along with isokinetic exercises and the fi nal 
group used a brace that provided progressive resis-
tive resistance during activities of daily living. All 
the other studies compared one exercise protocol 
with another, and of which fi ve studies compared 
open kinetic chain (OKC) with closed kinetic chain 
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in any rehabilitation programme. The ACL is com-
monly injured in sporting activities which involve 
rapid twisting and turning. The ligament is most 
commonly injured when an excessive valgus force 
is applied to an extended knee joint, when the foot 
is planted on the fl oor creating a lateral rotation of 
the femur on the tibia. This movement regularly 
occurs in multidirectional sports such as football or 
rugby where an athlete rapidly changes direction. 
The injury can occur with or without contact from 
another person. 

 An ACL rupture may be partial or complete. 
Occasionally a patient may present after a number 
of incidents that result in small tears, which lead on 
to the fi nal insult that completed the total rupture. 
An acute total ACL rupture is characterised by 
severe pain and varying degrees of haemarthrosis, 
and the patient may complain of instability. There 
may be a loss of extension and a positive Lachman ’ s 
and anterior drawer test, but these may be diffi cult 
to perform due to spasm in the hamstrings. 
Management may be conservative or surgical 
depending on the age of the patient and their degree 
of activity, sporting or otherwise. 

 Management following repair of an ACL depends 
on the method of surgery used. If other structures 
had been damaged in conjunction with the ACL 
they would be allowed to heal before a repair was 
attempted. Rehabilitation can either be delayed or 
accelerated depending on the type of surgery used, 
the preferences of the surgeon, other associated 
injuries and the expectations of the patient. In an 
accelerated programme if there were no problems, 
full contact sporting activities may be reintroduced 
after approximately 6 months. 

 PCL injuries are far less frequent than ACL inju-
ries and usually occur following forceful hyperex-
tension or a fall on a fl exed knee. Following rupture, 
reconstruction of the PCL is performed far less 
frequently than for the ACL and usually only if 
other structures are involved. A PCL - defi cient knee 
is less likely to have problems with instability, and 
conservative management is most common with an 
emphasis on quadriceps strengthening and proprio-
ception exercises with introduction of co - contraction 
exercises when the signs of infl ammation have 
diminished. 

 The MCL can be damaged if a direct blow occurs 
to the outside of the joint as in a tackle or indirectly 
if a player, wearing a studded boot, plants his foot 
in soft ground and twists, creating a rotational 

versus open kinetic chain exercise in 42 patients 
with ACL defi ciency, who were randomised into 
rehabilitation with either a CKC or OKC strength-
ening programme. Sagittal static and dynamic tibial 
translation was evaluated as were muscle strength 
and activation and jump performance. It was found 
that there were no differences in static or dynamic 
tibial translation between both groups although the 
OKC group had signifi cantly greater quadriceps 
strength following the protocol. The authors con-
cluded that the risks associated with OKC exercise 
were not confi rmed and that it appears that patients 
with ACL defi ciency may need OKC exercise to 
regain good muscle torque. However, despite this 
fi nding, in a review of contemporary literature, 
Grodski and Marks  (2008)  suggested that there is 
still a lack of consensus regarding OKC versus CKC 
and more high - quality trials are needed. 

 In summary, while it is clear that resistance train-
ing is benefi cial in the rehabilitation of knee disor-
ders, there is a lack of clarity regarding the most 
effective programmes because of the many variables 
involved.   

  Disorders of the  k nee  j oint  c omplex 

  Ligament  s prains 

 The ligaments surrounding the knee are considered 
to be passive stabilisers of the joint and disruption 
can lead to instability. The ligaments of the knee 
can be divided into two distinct groups, the intra -
 articular group or central pivot, consisting of the 
anterior and posterior cruciate ligaments and the 
extra - articular or peripheral group. Knee ligaments 
are commonly injured in the sporting environment 
but can be easily damaged in a non - sporting inci-
dent such as a fall or a road traffi c collision. The 
cruciate ligaments provide joint stability in all 
planes of movement in collaboration with the 
peripheral musculoskeletal structures. If the joint is 
put under a valgus force with external rotation the 
ACL and medial collateral ligament (MCL) prevent 
anterior translation of the tibia. The close associa-
tion of all these soft tissues and their collaboration 
in providing stability of the knee joint explain why 
these structures are rarely injured in isolation and 
also why these relationships need to be considered 
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  Osteoarthritis of the  k nee 

 OA of the knee often produces signifi cant pain that 
worsens on weight - bearing and consequently leads 
to an increase in functional disability. It is charac-
terised by morning stiffness, diminished joint range 
and crepitus on movement. If infl ammation is 
present, it is localised to the joint involved. The 
medial compartment of the knee is more likely to 
be affected than the lateral compartment, which 
can ultimately lead to a varus deformity, joint laxity 
and muscle weakness, particularly of the quadri-
ceps. The cause of the laxity may be multifactorial 
and can be due to a combination of soft tissue 
pathology, primary laxity of the ligaments and 
capsule, previous injury or degeneration of the 
articular cartilage and bone, which would result in 
a loss of joint space. 

 Gait patterns can become compromised with a 
loss of knee fl exion during weight - bearing that 
increases the load on the articular cartilage. To 
compensate for the laxity or weakness around the 
knee joint, the patient will often demonstrate a 
refl ex stiffening of the joint with associated co -
 contractions of the quadriceps and hamstrings, 
which increases the pressure inside the joint. A 
combination of increased internal pressures and 
increased load on the articular cartilage can increase 
the risk of cartilage destruction.  

  Anterior  k nee  p ain 

 Anterior knee pain is an umbrella term for a number 
of conditions that affect the patellofemoral joint. 
Sometimes it is diffi cult to differentiate between the 
separate conditions and it is not uncommon to have 
multiple pathologies. These include PFPS, patella 
tendinopathy, bursitis and plicae syndrome. 

  Patellofemoral  p ain  s yndrome 

 PFPS is common in all groups within the active and 
sedentary population with a high incidence in the 
adolescent population. There are a number of 
factors which have been attributed to the cause of 
PFPS, both static and dynamic including biome-
chanical and muscle weakness/ imbalance factors. 
The most common are listed in Table  11.1 . The 
differences in symptoms between PFPS and patellar 
tendinopathy are sometimes very slight and these 

force about the joint. If a direct force is applied to 
the outside of the joint, with the knee slightly 
fl exed, in a weight - bearing position, it causes an 
external rotation of the tibia in relation to the 
femur, which can cause damage to the MCL. This 
can occur in isolation, or more usually in combina-
tion with the medial meniscus and if the force 
exceeds the physiological limits the ACL may 
become involved. In extreme situations the PCL 
may become compromised. This results in global 
instability of the joint. The lateral collateral liga-
ment is less commonly damaged than the MCL and 
often in isolation, although if the force is severe 
enough associated damage may occur to the lateral 
meniscus or either cruciate ligament. It is usually 
damaged following a direct varus force to the knee 
with some hyperextension.  

  Meniscus  i njuries 

 Injuries to the menisci of the knee rarely occur in 
isolation and are less common than injuries to liga-
ments and problems with the patellofemoral joint. 
When isolated tears do occur they are usually 
degenerative in nature and are sustained by the 
older rather than the younger generation. Acute 
meniscal tears usually involve other soft tissue 
structures. Meniscal injuries can occur following a 
number of different mechanisms including rota-
tional and translational forces as well as overuse or 
degeneration. 

 Damage to the medial meniscus is more common 
than the lateral meniscus by a ratio of approxi-
mately 10:1. Approximately 80% of injuries to the 
medial meniscus are associated with damage to 
other soft tissue structures of the knee particularly 
the MCL and ACL due to their common attach-
ments. Symptoms of meniscal tears are often char-
acterised by  ‘ locking ’  or  ‘ clicking ’  of the knee joint, 
as a portion or fl ap of meniscus becomes impinged 
in between the femoral condyles and tibial plateau, 
when the joint is moved into extension or some-
times fl exion. The patient also often reports that the 
knee  ‘ gives way ’  and feels unstable. There may be 
a small effusion and tenderness along the joint line 
with McMurray ’ s and Appley ’ s compression tests 
often positive. If the effusion is aspirated and blood 
is present it would usually indicate ligament involve-
ment. A posterior horn tear would produce pain on 
full squatting.  
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able to injury but especially the muscles that cross 
both the hip and knee, which include the ham-
strings and rectus femoris. Sartorius, which even 
though is not part of the quadriceps group, falls 
into the same category as rectus femoris. Care must 
be taken with the diagnosis to differentiate between 
inter -  and intra - muscular haematomas as the treat-
ment protocols are different in the initial stages 
(Table  11.2 ). In the case of an intra - muscular hae-
matoma blood is trapped within the sheath and 
becomes a  ‘ space - occupying lesion ’ . In severe cases, 
this may require surgical decompression.   

 Myositis ossifi cans is a rare complication which 
occurs when the haematoma calcifi es. This may 
occur with disruption of the periosteum at the time 
of the injury or with too aggressive rehabilitation 
following an intramuscular haematoma. Injuries 
often result from previous injury if rehabilitation 
has been inadequate. 

  Quadriceps 

 These muscles are commonly injured in sport, par-
ticularly in all codes of football. Common causes 
of strains and tears include fatigue, poor fl exibility, 

sometimes occur at the same time. The clinical signs 
are shown in Table  11.1 .      

  Muscle  i njuries 

 The muscles around the knee joint that provide 
dynamic stabilisation of the joint are essentially the 
hamstrings and quadriceps. Both groups are vulner-

  Table 11.2    Differentiating between intra -  and inter - muscular 
haematomas 

   Intra - muscular haematoma     Inter - muscular 
haematoma  

  Area infl amed    Not noticeably 
infl amed  

  Loss of power and stretch    Loss of power but not 
stretch  

  No bruising visible due to 
encapsulation in muscle 
sheath  

  Bruising visible below 
injury site 24 – 48 
hours after injury  

  Joint range limited and 
returns slowly due to 
pain and internal 
pressure  

  Joint range returns 
quickly  

  Internal pressure high due 
to blood encapsulated 
within muscle sheath  

  Internal pressure low 
due to blood loss 
via ruptured sheath  

Adapted from Houghum  (2005) .

  Table 11.1    Clinical signs of patellofemoral pain syndrome 
( PFPS ) and patellar tendinopathy ( PT ) 

   Clinical signs     PFPS     PT  

  Painful 
activity  

  Running, stairs, 
eccentric work  

  Jumping, 
landing  

  Site of pain, 
tenderness  

  Diffuse at the 
patella, may not 
be palpable  

  Localised, 
inferior pole 
patella, length 
of tendon  

  Crepitus    In severe cases at 
patella  

  In tendon  

  Giving way    Yes, due to pain, 
quadriceps 
weakness  

  Not usual  

  Effusion    At patella in 
severe cases  

  At tendon in 
severe cases  

  Range of 
motion  

   ↓  in severe cases    normal  

  Patella 
mobility  

   ↓  medial glide 
due to tight 
lateral 
retinaculum  

  normal  

  Vastus 
medialis 
obliquus  

  Wasted; vastus 
medialis 
obliquus/vastus 
lateralis 
imbalance  

  General quads 
wasting.  

  Effect of 
activity  

   ↑  pain with  ↑  
activity  

  Initial pain  ↓  
with 

 activity,  ↑  when 
stopped.  

  Pseudo 
locking  

  Yes    No  
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primary and secondary factors surrounding a 
knee injury a comprehensive assessment must be 
carried out. 

 Rehabilitation protocols of the knee joint have 
been developed with specifi c pathologies in mind so 
the programmes outlined below refl ect this. 
However, it must be noted that the general princi-
ples described may be used in management of many 
presentations of knee pain. Further, it should be 
considered that knee pain is commonly caused by 
a number of structures simultaneously and while a 
working diagnosis may be given, the protocols 
should be a guideline rather than a generic approach 
to management. 

 The pathologies which will be considered here 
are: OA of the knee, patellar tendinopathy, PFPS, 
ACL injury, and meniscal and ligament injury. 

  Osteoarthritis of the  k nee  j oint 

 As osteoarthritis is a degenerative disorder with no 
known cure other than joint replacement, the man-
agement of this condition aims to use exercise to 
reduce pain and improve joint function. 

  Aerobic  e xercise 

  Early  p hase 

 Brosseau  et al .  (2003)  confi rmed that  ‘ both high and 
low intensity aerobic exercise were equally effective 
at improving a patient ’ s functional status, gait, pain 
and aerobic capacity for people with OA of the 
knee ’ . The ultimate aim of the programme should 
be to allow the patient to reach the activity as rec-
ommended in the American College of Sports 
Medicine (ACSM) guidelines, although early goals 
will focus on improving general function. The choice 
of activity will depend on the ability of the patient 
to perform the activity within limits of pain and the 
activity should not aggravate the condition. Many 
patients will fi nd that weight - bearing activity aggra-
vates their symptoms so non -  weight - bearing activ-
ity should be the exercise of choice in the early stage 
of rehabilitation. Hydrotherapy is an excellent 
option in patients with OA of the knee as the lower 
limb is de - loaded by the buoyancy of the water. Also 
the water provides resistance that will allow the 

and sudden contraction of the muscle, which may 
occur while jumping or with a sudden change 
in direction. Other contributory factors may be 
muscle imbalance; particularly an abnormal 
quadriceps:hamstring ratio (usually hamstrings 
have 60 – 80% power of quadriceps). Tears are char-
acterised by sudden pain in the front of the thigh 
and signs of infl ammation, and a defect may be 
palpable. Surgery is rarely indicated even in the 
most severe cases.  

  The  h amstrings 

 The hamstring muscles are a common site of injury 
in the active population, not just in sporting activi-
ties. The hamstring muscles are important trunk 
stabilisers in posture and also extend the hip and 
fl ex the knee when walking and running. Hamstring 
tears are usually the result of overload of the muscle 
fi bres, particularly during an eccentric contraction. 
Symptoms are similar to those of quadriceps tears 
with pain in the posterior aspect of the thigh. Any 
posterior thigh pain must be investigated thor-
oughly as it may be neural rather than muscular in 
nature. This is particularly important in children 
who rarely suffer from hamstring tears, even those 
in elite sports. Posterior thigh pain in children is 
usually a consequence of a growth spurt and with 
neural stretches will settle quickly, unlike true ham-
string tears, which can take a number of weeks to 
settle.    

  SECTION 2: PRACTICAL 
USE OF EXERCISE 

 When planning a rehabilitation programme for the 
knee joint it is helpful to consider both primary and 
secondary issues. The primary issues deal with the 
specifi c problem that has affected the knee joint, 
such as the damage to the joint or soft tissue sur-
rounding and supporting it, and the secondary 
factors, which are the areas affected as a conse-
quence of the primary problem and could include 
increased or decreased stability of the joint, loss of 
range, decreased muscular power, endurance and 
strength, reduced proprioception and co - ordination 
diffi culty in activities of daily living. To identify the 
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a Nordic walking approach (see Chapter  2 ), as the 
walking poles give them extra support. All patients 
should progress to walking without any support 
and move from a stable surface (smooth pave-
ments) to less regular surfaces such as a fi eld or 
sandy beach. The footwear of choice should be 
training shoes to correct foot biomechanics and 
attenuate shock. The patient should be told that the 
walking programme should be continued following 
discharge and, as far as possible, incorporated into 
daily life.   

  Range of  m otion and 
 fl  exibility  e xercises 

 As mentioned above, the nature of OA of the knee 
means that exercise therapy is likely to be ineffec-
tive in restoring full ROM to the joint. Therefore, 
the aim of ROM exercises should be to achieve a 
ROM that facilitates better function according to 
the demands of the patient ’ s lifestyle. 

  Early  p hase 

 Pain may limit ROM in the early stage of rehabilita-
tion and the aim should be to avoid aggravating the 
condition. Active - assisted exercise may be benefi -
cial and a good example was outlined above, using 
a static exercise bicycle. There should be no tension 
on the wheels and if the therapist manually starts 

heart rate to be raised more easily in fi tter individu-
als. Use of a buoyancy vest will allow the patient to 
perform walking and running patterns with the 
lower limb, which will be the precursor to improv-
ing these functions on the land. Use of a static 
bicycle for cycling is another appropriate option. In 
the early stage of rehabilitation, the height of the 
saddle should be set so that the patient ’ s knee is 
moving through a movement range that is comfort-
able as this may be limited by pain; this may mean 
that the saddle is high to begin with but should be 
gradually lowered throughout rehabilitation to try 
to improve the range, see Figure  11.1  (a: early phase; 
and b: late phase). If high - intensity training is 
chosen, the patient should exercise at 70% heart 
rate reserve (HRR) and for low intensity, 40% HRR 
should be selected. Choice of exercise intensity will 
depend on factors such as the cardio - respiratory 
health of the patient and will be decided following 
appropriate assessment of the patient.    

  Late  p hase 

 The choice of late - stage aerobic activity should 
refl ect the specifi c functional requirements of the 
patient. A walking programme should be com-
menced as soon as possible with the ultimate aim 
to achieve 1 hour of this activity on most days of 
the week. Simple walking programmes have dem-
onstrated effi cacy in management of OA of the knee 
(Evcik and Sonel,  2002 ). Patients may benefi t from 

     Figure 11.1     ( a ) Cycling with a high 
saddle. ( b ) Cycling with a low saddle to 
encourage knee fl exion.  (a) (b)
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ity in the patellofemoral joint and it may be neces-
sary for the clinician or patient to mobilise the 
patella in all directions while in a relaxed, long 
sitting position. Use of a padded rope in a prone 
position may allow the patient to facilitate their 
own knee fl exion (Fig.  11.3 ).   

 The addition of passive ROM exercises may be 
appropriate in the early phase of rehabilitation, 
particularly to the patellofemoral joint and these 
may be particularly useful to improve joint range 
when active and active - assisted exercise are no 
longer as effective (Fig.  11.4 ).   

 Stretches of muscles that cross the knee joint 
should be incorporated into the ROM programme 
and will be done most effectively following aerobic 

the wheel crank, the natural momentum will help 
facilitate movement. This exercise may be done at 
the same time as the aerobic exercise outlined 
above. A continuous passive motion (CPM) machine 
is frequently used following surgery to ensure that 
the joint is moved regularly, although there is no 
reason why this should not be used in a typical 
rehabilitation session. Other activities to encourage 
knee ROM include putting the patient in a long 
sitting position and encouraging them to slide the 
heel towards the buttock to fl ex the knee and sliding 
outwards into full extension. This activity can be 
made easier by reducing the friction of the surface 
by polishing the surface and placing a sock on the 
heel (Fig.  11.2 ). It is important not to forget mobil-

     Figure 11.2     Use of a sliding board to ease heel sliding and 
facilitate knee fl exion.  

     Figure 11.3     Use of a padded rope around the ankle to 
facilitate knee fl exion.  

     Figure 11.4     ( a ) Passive knee fl exion. ( b ) Passive knee extension.  

(a) (b)
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  Late  p hase 

 Progression of proprioceptive exercise will take 
place at the same time as partial weight - bearing 
(PWB) strengthening exercise. PWB exercises are 
classifi ed as CKC exercises where multi - joint, multi -
 muscle actions are reinforced. These exercises 
enhance proprioception and kinaesthetic aware-
ness, balance, equilibrium and co - ordination and 
weight - bearing control. Specifi c movement patterns 
can be introduced that will replicate patterns of 
movement which will be used by the patient when 
the process of rehabilitation is complete. Static 
balance exercises can be commenced, and there are 
a number of ways to progress proprioception train-
ing of the knee, using various exteroceptors  –  which 
are the fi ve senses. Progression of proprioception is 
affected by the type of base, i.e. whether it is rigid 
or soft, the height of the base from the fl oor, which 
can be altered by lowering the support surface from 
which the body has to raise, therefore the exercise 
could be started initially from a high chair to a 
chair, a stool and then a bench. As the base becomes 
smaller, the proprioceptive demands are greater. 
The size of the base can be changed by starting with 
a wide foot position, gradually bringing the feet 
together and ultimately standing on the injured leg 
alone. Adding superimposed movements such as 
bouncing a ball against a wall while standing on 
one leg. will challenge balance further.   

  Muscle  s trength and 
 e ndurance  e xercise 

 Slemenda  et al .  (1997)  found that quadriceps weak-
ness was a signifi cant fi nding in patients with OA 
of the knee and for many clinicians, restoring 
strength in this muscle group is the starting point 
in any rehabilitation programme. Further, Baker, 
K.R.,  et al .  (2001)  emphasised the importance of 
strength training in the management of OA of the 
knee by demonstrating that  ‘ high intensity, home 
based strength training can produce substantial 
improvements in strength, pain, physical function 
and quality of life in patients with knee OA ’ . 

  Early  p hase 

 Exercises to maintain strength in the musculature 
around the knee joint can be carried out from a 

exercise. These should include stretches to the ham-
strings, quadriceps, adductors, abductors and gas-
trocnemius (Fig.  11.5 ).    

  Late  p hase 

 Progression from the early phase of ROM exercise 
allows the patient to include some active, weight -
 bearing and functional ROM exercise. Many of 
these exercises will be naturally part of a strength-
ening regimen outlined below, particularly func-
tional exercise. Single knee fl exion and extension 
may be performed in standing (Fig.  11.6 ) and sitting 
(Fig.  11.7 ). A standing squat with support (Fig. 
 11.8 a), which is progressed to the same exercise 
without support (Fig.  11.8 b) may be used to 
improve ROM as well as strength. Exercises such 
as step - ups on a shallow step, progressing to a 
deeper step, will increase ROM as well as strength 
in a functional manner (Fig.  11.9 ).     

  Proprioception and  b alance  e xercise 

  Early  p hase 

 A number of studies have demonstrated proprio-
ceptive defi cits in the knee joint of subjects with OA 
(Pai  et al .  1997 ; Koralewicz and Engh,  2000 ; 
Hassan  et al .,  2001 ), but other studies have not 
found repositioning errors in subjects with OA of 
the knee (Bennell  et al. ,  2003 ; Bayramoglu  et al ., 
 2007 ). However, optimal management of the 
patient demands that the knee joint positioning 
error should be measured at initial assessment and 
if defi cits are found, the exercise used to address 
such errors should be included in the exercise pro-
gramme. One of the most effective ways to measure 
repositioning error is to attach an electrogoniome-
ter to the knee joint, and position the knee at 40 ° , 
then 60 °  and then 90 ° . The knee is then returned 
to extension and the patient is asked to reposition 
the knee in the three positions while the therapist 
reads the angles on the goniometer (Fig.  11.10 ). If 
the patient is unable to re - create the positions he or 
she may use an electrogoniometer as visual feed-
back during practice, progressing to checking the 
display only after repositioning to check the angle. 
This exercise should be progressed to functional 
positions such as standing and stride standing.    
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(a) (b)

(c) (d)

(e)
     Figure 11.5     ( a ) Hamstring stretches. ( b ) Quadriceps stretches. ( c ) Adductor 
stretches. ( d ) Abductor stretches. ( e ) Calf stretches.  
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straight leg raises (Fig.  11.11 ) of various derivatives 
are the usual starting point in strengthening exer-
cises. A high degree of tension can be produced in 
the muscle but no active movement is produced at 
the joint itself. Position of the patient is important 
to ensure that they do not use trick movements to 
lift the leg off the surface. The loading of the exer-
cise can be increased by placing an ankle weight  in 
situ  and repeating the movement.   

 While Jan  et al .  (2008)  demonstrated that both 
high and low load resistance training improved 
clinical effects in patients with knee OA, the empha-
sis in the early stage of rehabilitation is usually to 
improve the endurance of the muscles to enhance 
basic function. For this reason, high repetitions 
with no or minimal load or alternatively, sustained 
contractions should be carried out at this stage. The 
patient may then progress to isotonic exercise, 
loading the knee joint through its movement range 
with particular emphasis on the quadriceps, and 
also addressing other muscle groups that demon-
strated defi cits at initial assessment. Ankle weights, 
pullies or isokinetic resistance machines may be 
used to provide resistance. Suggested exercises 
include knee extension, knee fl exion, hip extension, 
hip adduction and hip abduction. Baker, K.R., 
 et al .  (2001)  suggest that two sets of 12 repetitions 
should be performed three times a week for each 
exercise, increasing the weights according to the 
patient ’ s progress.  

very early stage in any knee injury in the form of 
isometric exercises. Isometric exercises can be 
carried out if the joint is immobilised or if there is 
insuffi cient dynamic strength or too much discom-
fort in the area to allow active joint movement. For 
OA of the knee, isometric contraction of the quad-
riceps group in a long - sitting position, followed by 

     Figure 11.6     Knee fl exion in standing.  

     Figure 11.7     Knee fl exion in sitting.  (a) (b)
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a weight at the chest (Fig.  11.12 ). Step - ups on to a 
low bench may be progressed by increasing the 
height of the bench or placing a weighted back pack 
on the patient. Lunges may be progressed by asking 
the patient to hold a weight, although the therapist 
should observe the patient carefully for biomechan-
ical faults because a high level of proprioception is 
required in such an exercise.   

 The components of the late phase of strength 
training depend on the stage of OA. Patients with 
moderate and severe disease may only be able to 

  Late  p hase 

 While some of the strengthening exercises outlined 
above may constitute the late stage by virtue of 
their progression, the emphasis at this stage should 
be on functional exercise. Weight - bearing exercise 
such as lunges and squats allow CKC patterns to 
be used, which facilitates co - contraction of a 
number of muscle groups. Exercises such as rising 
to standing from a sitting position are very func-
tional and resistance may be increased by holding 

     Figure 11.8     ( a ) Standing squat with 
support. ( b ) Standing squat without 
support.  (a) (b)

     Figure 11.9     ( a ) Step - ups on a shallow 
step. ( b ) Step - ups on a deep step.  (a) (b)
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Previous treatment focused on the management of 
the condition as an infl ammatory process but recent 
studies have negated this theory. For the purpose of 
management of this condition, it will not be divided 
into the different exercise components as in OA 
(above) but will be described as a rehabilitation 
protocol derived from analysis and review of 
research to date. Visnes and Bahr  (2007)  concluded 
from a review of the management of patella tendi-
nopathy that eccentric training has a positive effect 
on the injury although individual protocols varied, 
with no clear defi nition of which was most effec-
tive. Further, they suggested that a clinical approach 
will also use factors such as warm - up and stretch-
ing, which are not analysed in many studies. The 
protocol described below is adapted from Jonsson 
and Alfredson  (2005) . 

     Early  p hase 

 While the main component of treatment is the 
eccentric exercise programme, full assessment of 
the patient should establish defi cits in fl exibility, 
aerobic fi tness and proprioception of the knee joint 
and surrounding structure. While this injury is fre-
quently seen in competitive athletes, aerobic fi tness 
may still be an issue as it must be maintained during 
a period of rehabilitation. Purdam  et al .  (2004)  
stated that subjects were not allowed to take part 
in their normal sporting activity during the fi rst 8 

manage simple exercise such as squats, with minimal 
loading and the exercise programme should always 
be aimed at the functional requirements of the 
patient. It must be noted that although the compo-
nents of the OA rehabilitation programme are out-
lined separately above, they should be carried out 
simultaneously for optimal effect.    

  Patellar  t endinopathy 

 Great advances in the management of patellar 
tendinopathy have been seen in recent years with 
the introduction of eccentric exercise protocols. 

     Figure 11.10     Use of an electrogoniometer to train joint 
repositioning.  

     Figure 11.11     Straight leg raise.  

     Figure 11.12     Sitting to standing holding a weight.  
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progress the aerobic component to slow jogging on 
fl at ground, increase the intensity of cycling or add 
in swimming (Purdam  et al. ,  2004 ), provided that 
these activities do not increase the pain. The eccen-
tric programme should be carried out as above but 
weight should be added in the form of a loaded 
backpack on the patient. Weights should be added 
when the patient no longer fi nds the exercise 
painful, to a load that re - creates the pain. The pro-
prioceptive component of the programme will be 
monitored by the therapist, who must ensure 
correct biomechanics during all activities of the 
programme, in particular, ensuring that the patient 
squats to the correct angle, using an electrogoniom-
eter if necessary. 

 After 8 weeks, the patient should be allowed to 
make a graduated return to normal activity while 
completing the fi nal stage of the programme ensur-
ing that appropriate stretching protocols are 
adhered to. Functional exercises such as walking 
can be progressed to fast walking then jogging, half 
pace running, three - quarters pace running, and 
then sprinting, forwards, backwards and sideways. 
This should be done initially in straight lines ,then 
multi - directional work can be introduced, including 
rotational work, which will involve shearing and 
compressive forces. Finally, the joint should be 
taken through sudden acceleration and deceleration 
manoeuvres to ensure there is functional stability. 
Jumping and landing can be introduced, initially 
with two feet and progressing to one. 

weeks of the eccentric protocol trial. Weight - bearing 
programmes may not be appropriate in the early 
stage, so stationary cycling is a good choice of activ-
ity, although backwards pedalling should be avoided 
due to increased load on the patellofemoral joint. 
Flexibility of the hamstrings (Fig.  11.5 a) and quad-
riceps (Fig.  11.5 b) in particular should be addressed 
with inclusion of stretches to other groups indicated 
following assessment. The aerobic exercise and 
stretching component may precede the eccentric 
training protocol as a warm - up, although the aim 
should not be to exercise to any level of fatigue, 
meaning that an aerobic programme may also be 
carried out separately to a level required by the 
more competitive athlete. Following the warm - up, 
the protocol is as follows. 

 A starting position is standing with the trunk 
upright on a 25 °  incline board with the entire body 
weight on the injured leg (Fig.  11.13 a).The knee is 
then slowly fl exed to 70 °  (Fig.  11.13 b). To return 
to the starting position, the other leg is used to push 
back up to avoid concentric activity. The patient 
should be informed that the activity may cause 
muscle soreness initially and will be painful in the 
tendon during exercise. The exercise is repeated 15 
times, twice a day, 7 days a week.    

  Late and  f unctional  p hase 

 The programme is carried out for a period of 12 
weeks. After the fi rst 4 weeks, the patient may 

     Figure 11.13     ( a ) Standing on 25 °  
incline board. ( b ) Flexion to 70 ° .  (a) (b)
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 There is some emerging evidence that eccentric 
training and stretching may have a prophylactic 
effect on recurrence or onset of ultrasonographic 
changes in the patellar tendon (Fredberg  et al ., 
 2008 ), although further work is required to estab-
lish a direct link with injury risk. However, it may 
be appropriate to include eccentric training as a 
regular warm - up exercise in patients who are at risk 
of injury following discharge from treatment.    

  Patellofemoral  p ain  s yndrome 

 Exercise has been the mainstay of treatment for 
PFPS, particularly with the introduction by 
McConnell  (1996)  of a specifi c programme that 
targets patellar tracking and timing of the vastus 
muscle group. While McConnell placed emphasis 
on patellar taping to correct tracking in her original 
research, there is a need for further studies to estab-
lish its effi cacy (Vagan and Hunt,  2008 ); and recent 
research has even suggested that taping may inhibit 
contraction of the VMO (Ng and Wong,  2009 ). For 
this reason, taping is not included in the programme 
described below but the clinician must make an 
informed decision on its use according to available 
evidence as it is still widely used clinically. 

 The programme outlined below is based on that 
described by Crossley  et al .,  (2002)  and will not be 
formally separated into components of fi tness as 
for OA. 

  Early  p hase 

 The emphasis of exercise in the early stage of reha-
bilitation should be correction of timing and inten-
sity of VMO contraction relative to the vastus 
lateralis (VL). Stretches to appropriate muscle and 
soft tissues aim to correct the patellar position and 
allow normal biomechanics of the lower limb. As 
the position of the whole of the lower kinetic chain 
will infl uence patellar position, initial assessment of 
lower limb biomechanics should be comprehensive, 
including assessment of dynamic function. 

 Maintenance or achieving aerobic fi tness may be 
challenging in the management of a patient with 
PFPS, as many forms of activity will be limited by 
pain. While there have been no studies examining 

cardiovascular fi tness and its relationship to PFPS, 
maintenance of minimal activity levels should be 
addressed. Activities such as stationary cycling may 
be chosen. However, the seat should be high so that 
the knee joint moves through a small ROM, ensur-
ing that the hip does not medially or laterally rotate, 
and that the patella is directed over the second toe 
during the cycling motion of the leg. The foot 
should also face straight ahead in the pedal. There 
should be no loading on the crank and backwards 
pedalling should be avoided. 

 Stretches should be applied to any tissue which 
is hypomobile at initial assessment. In particular, 
Crossley e t al .  (2002)  recommend: 

   �      Mediolateral (glide and tilt) mobilisation of the 
patella (stretching of the lateral retinaculum) 
(Fig.  11.14 a)  

   �      Hamstring muscle stretches in sitting (Fig. 
 11.14 b)  

   �      Anterior hip structures stretch with the subject 
in prone with hip externally rotated and the 
hip and knee fl exed (Fig.  11.14 c).      

 Three repetitions of each stretch with a 30 - second 
hold is recommended. McConnell  (1996)  suggests 
that isometric quads exercise should be taught 
early, placing emphasis on VMO activity. Addition 
of adduction of the thigh (placing a ball between 
the patient ’ s knees and asking them to squeeze 
while contracting the quads) will help facilitate the 
VMO. Crossley  et al . then recommend: 

   �      Isometric VMO contractions in sitting with 
knee at 90 °  fl exion  

   �      Squats to 40 °  knee fl exion combined with iso-
metric gluteal contractions (Fig.  11.15 ).      

 (Four sets of 10 repetitions each.) 

   �      Isometric hip abduction against the wall while 
standing.    

 (Four sets of 15 - second hold.) 
 All the above exercises should be carried out 

twice daily.  

  Late and  f unctional  p hase 

 Crossley  et al .  (2002)  specify that the above pro-
gramme should be carried out for 2 weeks. After 
that, the knee joint may be moved through more 
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challenging motion patterns with the introduction 
of gravitational loading. Aerobic exercise should be 
increased progressing to walking on a fl at surface. 
If orthoses are prescribed by a podiatrist, these 
should be worn at all times to optimise lower limb 
biomechanics. Provided that the vastus group is 
functioning well, this may be progressed to jogging 
in straight lines. Crossley  et al . recommend the fol-
lowing exercise for the last 4 weeks of the 
programme. 

   �      Step - downs  –  slow lowering of unaffected leg, 
standing on affected leg with a 10   cm step 
(three sets of fi ve repetitions progressing to 
three sets of 10 repetitions) (Fig.  11.16 )  

   �      Isometric hip abduction while standing (4 sets 
of 30 second hold) (Fig.  11.17 ).      

 The height of the step may be increased to 20   cm 
provided that the patient is able to complete the 
activity correctly and without pain. The stretches 
described in the early phase should be continued. 
Proprioceptive work will be done throughout this 
programme as a high level of control is required to 
complete the exercises correctly and constant feed-
back should be given to the patient to reinforce 
correct movement patterns. 

 The patient will be allowed a graduated return 
to activity on completion of the programme but 
must maintain fl exibility of soft tissues. Athletes 

     Figure 11.14     ( a ) Mobilisation of the patella. ( b ) Hamstring 
stretches in long sitting. ( c ) Stretches of the anterior hip 
structures.  

(a)

(b)

(c)

     Figure 11.15     Squats to 40 °  combined with isometric gluteal 
contraction.  
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 It should be noted that some authors suggest that 
over - emphasis on selective VMO timing may not be 
necessary and that exercises which simply exercise 
the quadriceps group in general may be adequate 
(Syme  et al .,  2008 ).   

  Anterior  c ruciate  l igament  i njury 

 It is common for both the medial meniscus and 
the MCL to be injured at the same time as the 
ACL, although the rehabilitation programme 
described below should address defi cits noted in 
both combined and ACL injury only. A systematic 
review of studies by Trees  et al .  (2007)  suggests that 
while exercise is effi cacious in the management of 
ACL injury (both surgically and post - operative) it 
was not possible to conclude which mode of exer-
cise or programme produces the best results. 
However, a review by Wright  et al .  (2008)  con-
cluded that early weight - bearing and early ROM 
exercises are safe and that CKC exercises are benefi -
cial in the fi rst 6 weeks. 

 The exercise programme outlined below is based 
on the results of the review by Trees  et al .  (2007)  
and adaptation of the programme designed by 
Tagesson  et al .  (2008) . Tagesson  et al . describe 
the distinct phases of an ACL rehabilitation pro-
gramme as: 

   �      Phase 1 (weeks 1 – 4)  –   protection.   
   �      Phase 2 (weeks 5 – 8)  –   early strength training.   
   �      Phase 3 (weeks 9 – 12)  –   intensive strength 

training.   
   �      Phase 4 (weeks 13 – 16)  –   intensive strength 

training and return to sports.     

  Phase 1 ( w eeks 1 – 4)  –   p rotection 

 The aims of this phase are to increase ROM of the 
knee joint, improve gait patterns, improve proprio-
ception of the knee, improve or maintain aerobic 
fi tness and to improve muscle function. This stage 
may constitute the immediate post - operative phase 
or the initial stage of a conservative programme. 
Standard approaches such as anti - infl ammatory 
medication and cryotherapy may be necessary at 
this stage to reduce swelling. 

may want to start loading with exercises such as 
the weighted squat and the principles of correct 
biomechanics and muscle activity patterns should 
be observed while carrying out exercises. Functional 
activities described above for patellar tendin-
opathy may be introduced, with sport - appropriate 
exercises. 

     Figure 11.17     Isometric hip abduction in standing.  

     Figure 11.16      ‘ Step - downs ’  on affected leg.  
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  Muscle  s trength and  e ndurance  e xercise 

 Static quadriceps contractions should be carried out 
on an hourly basis at this stage if possible, progress-
ing to a straight leg raise as soon as possible. These 
exercises are progressed to squatting exercises, 
which can be combined with proprioceptive func-
tion. A two - legged squat leaning back against a 
gym ball against a wall is a good CKC exercise to 
improve muscle function of both the hamstring and 
quadriceps muscles (Fig.  11.20 ). Slow step - ups on 
to a low step and small lunges to the front and side 
are appropriate at this stage.    

  Aerobic  e xercise 

 At this stage, aerobic exercise may be limited by the 
fact that the patient may be on crutches, non -
 weight - bearing. The patient should progress to heel 
walking with a normal walking pattern achieved as 
soon as possible, partial weight - bearing initially, 
progressing to full weight - bearing over the fi rst 4 
weeks following surgery or injury. The patient may 
fi nd that walking up stairs or step - ups on a small 
step may be suffi cient to challenge the aerobic 
system. Once an appropriate ROM is achieved, the 
patient may start stationary cycling with the seat 
high up, lowering it as the range of knee fl exion 
increases.  

   ROM   e xercise 

 This stage is particularly important as delays in 
achieving full range of knee extension at an early 
stage can delay progression of rehabilitation and 
can cause long - term problems. A good exercise to 
improve extension is to place the patient lying 
prone with the knee and lower leg hanging off the 
end of the bed, with the therapist assisting exten-
sion as required (Fig.  11.18 ). The patient should 
also rest with their knee extended and unsupported 
and a prop underneath the heel to encourage further 
extension (Fig.  11.19 ). The range of fl exion can be 
achieved by heel slides (Fig.  11.2 ).    

     Figure 11.18     Assisted knee extension.  

     Figure 11.19     Use of a heel block to encourage knee 
extension.  

     Figure 11.20     Squats against a wall with a gymnastic ball.  
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muscle groups to maintain full ROM. These muscle 
groups will include the hamstring and quadriceps 
muscle groups in particular. Stretching will be most 
effective following the aerobic exercise of the 
programme.  

  Muscle  s trength and  e ndurance  e xercise 

 This is the most important component of the phase 
and will see the introduction of a variety of exer-
cise. A combination of both open and closed chain 
exercise will add variety as both will enhance dif-
ferent functions of the muscle. Lunges may now be 
loaded with a weight on the shoulders ensuring 
correct biomechanics at all times. Squats may be 
progressed by loading in a shoulder press machine 
and performing on one leg. Other resisted move-
ments which should be included are hip abduction, 
hip adduction, hip extension, heel raise, leg curl and 
seated knee extension (avoiding shearing on the 
tibia). Tagesson  et al .  (2008)  suggest that load at 
this stage should be at 50 – 60% of 1 RM (repetition 
maximum), with three sets of 10 repetitions of the 
exercise performed three times a week. A combina-
tion of free weights and machine weights is useful 
but the additional proprioceptive challenge that 
free weights provide will be benefi cial at this stage.  

  Proprioception and  b alance  e xercise 

 Once the patient is competent at performing a few 
of the resisted exercises with free weights, some of 
them may be performed (with care and reduced 
loading) on unstable surfaces such as wobble 
boards. Single leg squats on trampolines and wobble 
boards are also appropriate exercises.   

  Phase 3 ( w eeks 9 – 12)  –   i ntensive 
 s trength  t raining 

 The aim of this phase is to introduce more func-
tional exercise and to increase strength. 

  Aerobic  e xercise 

 The patient may continue with static cycling and 
the step machine, but may also include exercise that 
is appropriate to allow them to return to their par-
ticular sport. Jogging may now increase and 
progress to running. Running should initially take 

  Proprioception and  b alance  e xercise 

 All exercises described above incorporate pro-
prioceptive function as the patient must work to 
ensure correct movement patterns are maintained. 
However, specifi c proprioceptive exercise may be 
introduced, such as standing on an unstable surface, 
progressing to small squats (Fig.  11.21 ).     

  Phase 2 ( w eeks 5 – 8)  –  
 e arly  s trength  t raining 

 At this stage, the patient should have full ROM and 
normal gait and the aims of this phase are to 
increase loading in strength training and to con-
tinue to improve function. 

  Aerobic  e xercise 

 The patient may start activities such as a stepper 
machine or increase the resistance on an exercise 
bicycle. Walking may be increased in tempo, pro-
gressing to very light jogging, particularly if the 
patient is returning to a sport that involves running.  

   ROM   e xercise 

 As the patient should have full ROM at this stage, 
the emphasis should be on stretching of appropriate 

     Figure 11.21     Single leg balance on an unstable surface.  
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tenance. Particular attention should be applied to 
ROM of the patellofemoral joint, ensuring that 
movement is normal before discharge, particularly 
if the graft site was the patella tendon.  

  Muscle  s trength and  e ndurance  e xercise 

 The exercises shown above (phase 2) may be con-
tinued with the load at 80% of 1RM, increasing 
this load by 10% at week 15. Plyometric activity is 
an important addition to this stage of the pro-
gramme. Jump training will fulfi l this requirement, 
to the front and side and over objects to challenge 
the proprioceptive system as well (Fig.  11.22 ). 
Vertical jumps, landing on a soft surface will 
increase the challenge of the activity. Hopping 
between the rungs of a ladder placed on the ground 
will require a high level of control and is suitable 
for the late stage of activity. Jumping up a small 
step with both feet, progressing to a higher step on 
the affected leg will provide a good challenge at the 
latter stage of the programme.    

  Proprioception and  b alance  e xercise 

 Exercise carried out in the previous phases should 
be continued but the greatest proprioceptive chal-
lenge in this phase will be seen in the plyometric 
drills and introduction of agility drills in the late 
stage of functional rehabilitation. 

 The emphasis on return to sport should be to 
maintain the health of the knee and avoid further 
injury to the same knee (after conservative 

place on a fl at surface, in straight lines but should 
quickly proceed to up and down a hill, diagonal 
patterns and directional changes, and running on 
uneven surfaces.  

   ROM   e xercise 

 As the patient should have very good ROM, the 
emphasis of this phase should be as above, to main-
tain the ROM with a good stretching regimen for 
appropriate muscle groups.  

  Muscle  s trength and  e ndurance  e xercise 

 All exercises included in phase 2 should be contin-
ued in phase 3 with an increase in loading. Again, 
the exercises are performed 10 times in three sets 
and repeated three times a week.  

  Proprioception and  b alance  e xercise 

 Exercise can be continued in this phase with wobble 
boards and trampolines as for the previous phase. 
Running in between cones or hopping over a line 
on the fl oor will introduce more dynamic proprio-
ceptive activity.   

  Phase 4 ( w eeks 13 – 16)  –   i ntensive 
 s trength  t raining and  r eturn to  s ports 

 The aim of this phase is to increase strength, co -
 ordination and to introduce functional activity to 
allow the patient to return to sport or work. 

  Aerobic  e xercise 

 Running may increase with changes in tempo. 
Turns and agility drills should be introduced. 
Acceleration and deceleration activities should be 
included over various distances. Sports specifi c 
activity may be included. For example, if the patient 
is a footballer, ball skills will be an important com-
ponent of the programme at this stage. The patient 
should be reaching optimal fi tness by the end of this 
phase.  

   ROM   e xercise 

 As full ROM should have been achieved in the early 
phase of the programme, the emphasis is on main-

     Figure 11.22     Plyometric training jumping over a bench.  
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 2005 ; Gilchrist  et al .  2008 ). The  ‘ prevent injury, 
enhance performance ’  (PEP) programme is a routine 
which includes warm up, stretching, strengthening, 
plyometric and agility exercise. This programme 
shows promise for the use of exercise in reducing 
the risk of injury.     

treatment) or the other knee. Certain sports present 
considerable risk of injury to the knee, notably 
soccer. 

 In recent years, a programme of prophylactic 
exercise used in soccer has shown effi cacy in the 
reduction of risk of ACL injury (Mandelbaum  et al . 

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS         

     A 60 - year - old postman presents with diffuse pain 
in his right knee which is aching in nature ,  painful 
on rising in the morning ,  and aggravated by 
sitting for more than 20 minutes with the knee 
fl exed. Walking in training shoes at a moderate 
pace eases the pain within 10 minutes. 
Investigations show that he has early OA, both in 
the tibiofemoral and patellofemoral joints.   

  Management 

 As this patient has presented with a degenerative 
disorder, the aim of the treatment will not be to 
achieve complete resolution of symptoms but 
rather to improve pain and function. As this 
patient is already active as part of his occupation, 
a functional approach should be adopted in his 
rehabilitation. Aerobic exercise will consist of his 
daily walking activity, ensuring that he is wearing 
good footwear to optimise lower limb biomechan-
ics. Limitations in ROM will be addressed with a 
programme to stretch muscle groups which cross 
the knee joint and activities such as heel slides and 

full knee extension exercises in a long sitting posi-
tion. If the patellofemoral joint is hypomobile, 
passive mobility exercises may should be per-
formed by the therapist. Specifi c strengthening 
exercises may incorporate proprioceptive train-
ing, by performing squats in standing, progressing 
to standing on an unstable surface. Single leg 
squats will progress the exercise, performed 
slowly and ensuring that the knee is well posi-
tioned over the second toe. Step - ups and step -
 downs may be performed, gradually increasing 
the depth of the step. However, as the patellofem-
oral joint is involved, step - downs may be painful 
and should be avoided if this is the case. The 
number of repetitions of the strengthening exer-
cises should be high as they are only loaded by 
body weight and the aim is to improve the endur-
ance of the musculature. The patient should be 
discharged with advice to continue daily walking 
and ROM exercises if possible, and strengthening 
exercises three times a week if possible. Regular 
review of this patient is necessary to monitor any 
progression of the OA.  

 Case study 1 

     An 18 - year - old man ,  who is a semi - professional 
footballer ,  sustained an injury to his right knee 
during a game. He went in for a block tackle and 
felt pain on the medial aspect of his right knee. 
There was no immediate swelling or locking but 
there was pain on weight - bearing. There was 
no evidence of a fracture. The following day the 
knee was swollen ,  hot and painful. A diagnosis 

of a severe grade 2 medial ligament sprain was 
made.   

  Management 

 The knee was iced on a regular basis and placed 
in a rigid brace for weight - bearing. The brace was 

 Case study 2 
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left  in situ  for 6 weeks but removed regularly for 
non - weight - bearing mobility and strengthening 
exercises. During the period that the brace is  in 
situ , it is very important that this patient ’ s aerobic 
fi tness is maintained with non - weight - bearing 
activity such as cycling, and the uninjured leg may 
be used to pedal alone in the fi rst phase of reha-
bilitation. Careful ROM exercises will aim to 
achieved full fl exion and extension from an early 
stage in an unloaded position with full extension 
avoided for the fi rst 2 – 4 weeks. Proprioceptive 
activity could be carried out in the early stage 
using an electrogoniometer to practise reposition-
ing of the knee. 

 Between the second and fourth week, the 
crutches may be removed and the patient may 
progress to full weight - bearing. Isometric quadri-
ceps exercise and straight leg raise exercises will 
aim to restore muscle function. After the fourth 

week, ROM exercise should aim to achieve full 
range, and strengthening exercise may now become 
weight - bearing without loading (squats and 
lunges) progressing to loaded exercises (leg press, 
hamstring curls and knee extension). Squats may 
be performed on an unstable surface to enhance 
proprioception. At 6 weeks the brace should be 
removed with care, provided good control of the 
knee joint is demonstrated. Exercises may be now 
more functional with the introduction of fast 
walking, progressing to running, initially in straight 
lines and then multi - directional. Strengthening 
exercises should continue as above with loading 
increased until the patient ’ s injured knee has 80 –
 90% of the strength of the unaffected knee, depend-
ing on which is dominant. When the patient can 
run comfortably, ball work may be commenced 
and a gradual reintegration of football training 
undertaken until full fi tness had been achieved.  

Case study 2—cont’d

     A 45 - year - old man, who is training for a mara-
thon, presents with anterior knee pain which is 
intermittent in nature but is aggravated by 
descending stairs and sitting at his desk for more 
than 20 minutes. He is not able to run for more 
than 10 minutes as he cannot continue because of 
pain. Examination reveals genu valgum and pes 
planus and it is noted that his running shoes are 
deformed and 8 years old.   

  Management 

 A working diagnosis of PFPS was given to this 
patient. A podiatric referral was organised at 
initial appointment and a pair of orthoses pre-
scribed. The fi rst phase of rehabilitation addressed 
hypomobility of soft tissue with particular empha-
sis on stretching the hamstrings, quadriceps, ili-
otibial band and tensor fascia lata. The patella 
was mobilised to improve lateral tilt and to 
improve mobility in the lateral retinaculum. As 
taping the patella did not change any symptoms, 
it was not used in this case. Initial strengthening 
exercise consisted of isometric quads contraction, 

with particular emphasis on VMO activity. This 
is progressed to squats to 40 °  in standing and 
isometric hip abduction against a wall. Positioning 
of the knee over the second was monitored and 
the position of the medial arch of the foot was 
corrected. Aerobic fi tness was maintained with 
aqua jogging on a daily basis. After 2 weeks, this 
patient was allowed to start walking, increasing 
his tempo to a light jog, monitoring position of 
the knees, hips and feet. He wore his orthoses in 
a new pair of running shoes which were designed 
to specifi cally address his foot pronation. The 
therapist regularly monitored his VMO activity 
while walking and jogging to ensure that normal 
activity was demonstrated. ROM exercises were 
carried out as above. Squat exercises were pro-
gressed to step - downs, introducing some loading 
at a later stage. At the fi nal stage of the rehabilita-
tion the patient was allowed to increase the dis-
tance of a run, progressing to an increased tempo 
and running on a hilly terrain and changing direc-
tion. At discharge, he was advised that all stretches 
and the VMO programme should be continued 
and that he should regularly renew his running 
shoes with specifi c advice from a podiatrist.  

 Case study 3 
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  Student  q uestions 

           (1)   A football player has suffered a second - degree 
tear of his hamstring muscles. Describe the: 
   �      Pre - stretching routine  
   �      Exact stretching routine used  
   �      Post - stretching routine.      

   (2)   Describe your rehabilitation programme for a 
non - active woman with a sedentary occupa-
tion who has OA of the knee.   

   (3)   Discuss an exercise programme for a third -
 degree MCL sprain of the knee sustained by 
a young car mechanic, in the intermediate 
stage of rehabilitation.   

   (4)   Why is proprioception so important in knee 
rehabilitation?   

   (5)   Demonstrate fi ve non - weight - bearing exer-
cises you might use in the treatment of a 
repaired medial meniscus.   

   (6)   Discuss the factors that are important in the 
progression in proprioception training for a 
knee injury.   

   (7)   What are the differences in a quadriceps 
muscle with an intra - muscular and an inter -
 muscular haematoma? How would the treat-
ment approach differ?   

   (8)   Describe the progressions of strength training 
for a knee ligament injury.   

   (9)   What benefi ts are there in aerobic training for 
a retired school teacher who has OA of the 
knee?   

   (10)   A rugby player is referred to you 8 weeks after 
an injury to his MCL to his right knee for your 
opinion on his fi tness to resume match play. 
What are your considerations?       
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  12 The Foot and Ankle Complex  

  Ruth     Magee       

         SECTION 1: INTRODUCTION 
AND BACKGROUND 

 The treatment of the foot and ankle complex is 
multifactorial, requiring the clinician to use many 
treatment approaches for the successful manage-
ment of both acute and chronic injuries. However, 
the emphasis in this chapter is on basic exercise 
rehabilitation of the foot and ankle, although it is 
important that the therapist considers all the other 
variables which affect the foot and ankle complex. 

  Evidence for the  u se of  e xercise in the 
 r ehabilitation of  f oot and  a nkle  i njuries 

 Evidence which supports treatment interventions to 
the foot and ankle is limited overall, and there has 
been a large emphasis in the research on the ankle 
and rearfoot complex, with little on the midfoot 
and forefoot. Much of the research has focused on 
a small number of conditions, notably anterior tal-
ofi bular ligament (ATFL) sprain. 

 Handoll  et al.   (2001)  conducted a review of 
research under the Cochrane Collaboration. Studies 
which examined various interventions for the pre-
vention of ankle ligament injuries were included. 
Although a large number of studies that were 

included in the review had methodological limita-
tions, some conclusions were drawn. Co - ordination 
training using ankle discs in those with a prior 
history of ankle sprain demonstrated a decreased 
risk of ankle sprain in the intervention group com-
pared with controls in a number of studies. Some 
evidence was also presented indicating that a super-
vised physiotherapy programme that emphasised 
balance reduced risk or re - injury when compared 
with controls. The review found good evidence for 
the use of external ankle supports to prevent liga-
ment injuries of the ankle but concluded that further 
research was needed to be conclusive regarding 
exercise therapy. 

 A more recent Cochrane review conducted by 
Kerkhoffs  et al.   (2007)  examined surgical versus 
conservative treatment for acute injuries of the 
lateral ligament complex of the ankle in adults. Of 
the 20 trials that were included, the authors sug-
gested that all had methodological fl aws that could 
have affected their results and the overall conclu-
sion was that there was not enough evidence to say 
if surgery or conservative treatment, including exer-
cise therapy, was the optimal treatment for ankle 
sprains. De Fries  et al.   (2006)  reviewed studies 
which examined interventions, including exercise 
therapy, for treating chronic ankle instability. 
Again, methodological fl aws were highlighted in 
many studies and the authors were unable to con-
clude if any specifi c intervention was optimal for 
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and Tyler  et al.   (2006)  showed that a high body 
mass index, which is frequently related to poor 
cardio - respiratory endurance, was also a risk factor 
for the same injury. Valderrabano  et al.   (2006)  
showed that patients who were more  ‘ sports active ’  
showed better functional results following total 
ankle replacement compared with patients who 
were inactive. Although Xu  et al.   (2004)  showed 
that tai chi had a signifi cant effect on improving 
proprioception in the ankle, it is unclear if such 
exercise involves aerobic conditioning. Hubley -
 Kozey  et al.   (1995)  evaluated the effects of a general 
exercise programme on the passive ROM of the 
lower limb joints including the ankle in elderly 
women. The programme included aerobic exercise, 
stretching and muscular strength and endurance 
exercise and the authors found that ROM improved 
in all joints lower limb joints following the pro-
gramme. As there was a stretching component to the 
programme it is therefore unclear if the aerobic 
exercise contributed to the improvements. 

 Part of the reason for lack of research may be 
related to the diffi culties of loading the cardio -
 respiratory system when the foot and ankle are 
dysfunctional, leaving limited options such as 
swimming and non - weight - bearing programmes for 
aerobic exercise. However, those studies which 
examined the role of aerobic exercise in the man-
agement of multi - joint osteoarthritis should be con-
sidered at this point and have been discussed in 
earlier chapters.  

  Muscle  s trength and  e ndurance 

 For many clinicians, the early focus of rehabilita-
tion of any foot or ankle disorders will be muscle 
strengthening exercise. Hartsell and Spaulding 
 (1999)  showed that chronic ankle instability and 
muscle weakness do co - exist and Willems  et al . 
 (2005a)  identifi ed decreased dorsifl exion strength 
as a risk factor for ankle inversion sprain. Konradsen 
 et al .  (1998)  showed that eversion strength is 
reduced (compared with the non - injured joint) 3 
weeks following acute ankle inversion injuries and 
Munn  et al .  (2003)  found that eccentric inversion 
strength was reduced in ankle instability. Despite 
these fi ndings, there is a paucity of research into 
strengthening exercise as rehabilitation following 
ankle joint injury. 

 Much of the focus of strengthening exercise in the 
management of foot and ankle disorders has been 

treating ankle instability. However, it was found 
that following surgical construction, early func-
tional rehabilitation, or exercise therapy was supe-
rior to immobilisation regarding time to return to 
work and sports. Zoch  et al.   (2003)  reviewed 
studies that examined rehabilitation of ligamentous 
ankle injuries, concluding that a combination of 
isokinetic strength training with proprioceptive 
training shortens rehabilitation and serves as a sec-
ondary prophylaxis. 

 Karatosun  et al.   (2008)  compared intra - articular 
injection therapy to exercise therapy in the manage-
ment of osteoarthritis of the ankle and found that 
both provided functional improvement, although 
the authors concluded that larger trials were neces-
sary to compare individual effi cacies more accu-
rately. Van der Wees  et al.   (2006)  conducted a review 
of trials which examined the effectiveness of exer-
cise therapy and manual mobilisation in acute ankle 
sprain and found that exercise therapy was effective 
in reducing the risk of recurrent sprains and func-
tional instability although the effects of manual 
mobilisation were limited to having an (initial) 
effect on dorsifl exion range of motion (ROM). 

 More recently, Loudon  et al.   (2008)  reviewed 
studies which examined the effectiveness of active 
exercise as an intervention for functional ankle 
instability. Results were positive for the inclusion of 
exercise therapy in management of ankle instability 
and the authors concluded that conservative treat-
ment interventions including balance, propriocep-
tive and muscle strengthening exercise were effective 
in decreasing  ‘ giving way ’  episodes, improving 
balance stability and improving function. Thus, 
while there is some clear evidence for the positive 
benefi ts of exercise in the management of ankle 
ligament sprain and some evidence in the manage-
ment of ankle OA, there is a demand for further 
trials which are of robust methodology to support 
this approach. 

  Aerobic  e xercise 

 There is little evidence to support the use of aerobic 
exercise in the treatment of foot and ankle dysfunc-
tions and the author was unable to source any trials 
which examined the role of an aerobic exercise pro-
gramme specifi cally for foot and ankle disorders. 
However, Willems  et al.   (2005a)  showed that poor 
cardio - respiratory endurance was a risk factor for 
inversion ankle sprain in a study of male subjects 
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cises. Willems  et al.   (2005a)  found that lack of ankle 
dorsifl exion was a strong predictor of ankle injury, 
stating that poor dorsifl exion is associated with 2.5 
times the risk of injury. If there was excessive dorsi-
fl exion, and a hypermobile ankle, the risk increased 
to eight times. However, Willems  et al.   (2005b)  
found that a greater ROM, in this case in the fi rst 
metatarsophalangeal (MTP) joint, was a risk factor 
for ankle inversion sprain in females. Beedle and 
Mann  (2007)  determined that the optimal stretch to 
increase ROM at the ankle joint was a static stretch 
following a warm - up, which was superior to bal-
listic stretching following a warm - up. 

 There is a lack of consensus regarding the immo-
bilisation of acute ankle inversion injuries. Boyce 
 et al.   (2005)  advocated a return to immobilisation, 
but on a temporary basis and recommended the use 
of an ankle brace for grade 2 and 3 lateral ligament 
sprains. Immobilisation was shown to result in sig-
nifi cant improvement in ankle joint range of move-
ment at both 10 days and 1 month, when compared 
with an elastic support. 

 Flanigan  et al.   (2007)  examined the effect of 
plantar fascia stretching on plantar fascia pain. 
Previous studies had demonstrated that specifi c 
stretching of the plantar fascia was superior to 
standard weight - bearing Achilles tendon stretching 
exercises and had a signifi cant effect in reducing pain 
and functional limitations in subjects with chronic 
plantar fasciitis (Digiovanni  et al.   2006 ). Flanigan  et 
al.   (2007)  concluded that a stretch which included 
both MTP and ankle joint dorsifl exion was superior 
to ankle joint or MTP joint alone, having positive 
effects in the management of plantar fasciitis. 

   Balance and  p roprioception 

 Recent research has placed great emphasis on func-
tional control of the foot and ankle in rehabilitation 
and the infl uence of proprioceptive exercise has 
received focus in a number of studies. The single 
leg stand test is probably the most useful clinical 
test in identifying proprioceptive and/or balance 
dysfunction following foot and ankle disorders. 

 Trojian and McKeag  (2006)  state that the single 
leg balance test is a reliable and valid test for pre-
dicting ankle sprains and that the association 
between a poor single leg stand test and ankle 
sprain is signifi cant. Javed  et al.   (1999)  demon-
strated longer reaction time in the peroneus longus 
muscles of patients who presented with chronic or 

on rehabilitation of Achilles tendinopathy. Alfredson 
 et al.   (1998)  were one of the fi rst groups to pros-
pectively study the effect of a 12 - week, heavy 
load, eccentric calf muscle training programme on 
individuals with chronic Achilles tendinopathy 
compared with a control group that received con-
ventional treatment during the same period of 
time (rest, non - steroidal anti - infl ammatory drugs 
(NSAIDs), orthoses, physiotherapy and  ‘ ordinary ’  
training programmes). While the control group 
showed no improvement in symptoms, the subjects 
in the intervention group were all able to return to 
full function (running) following the programme. 
While this was a moderately small study with some 
methodological fl aws, similar fi ndings were pre-
sented by Mafi   et al.   (2001)  with a similar interven-
tion and the overall clinical outcome was much 
better for eccentric calf training that a concentric 
programme (Niesen - Vertommen  et al .,  1992 ; Mafi  
 et al. ,  2001 ). Alfredson  et al . (2008) suggested that 
eccentric exercise involves muscle activation com-
bined with muscle - tendon unit lengthening and it is 
likely to affect the dampening characteristics of the 
calf muscle and change the type 1 collagen produc-
tion and tendon volume, which will increase the 
tendon tensile strength over time. 

 In further support of an eccentric strengthening 
protocol, Kingma  et al.   (2007)  conducted a system-
atic review of studies with such a programme in 
management of Achilles tendinopathy. The authors 
concluded that although further studies are war-
ranted, results to date are promising and support 
eccentric overload training in the management of 
Achilles tendinopathy. More recently, similar fi nd-
ings were presented in a systematic review by 
Magnussen  et al .  (2009) , who analysed 16 quality 
trials, which concluded that eccentric exercises have 
the most evidence of effectiveness in the manage-
ment of mid - portion Achilles tendinopathy. 

 Many of the studies on strengthening exercise 
and the foot and ankle have also looked at proprio-
ceptive training and will be discussed in the follow-
ing sections.  

  Range of  m otion and  fl  exibility 

 Restoring full range of movement to the ankle and 
foot is essential for the correct movement patterns 
and biomechanical alignment of the foot and ankle. 
This can be done using joint mobilisation tech-
niques, tissue massage and stretching or ROM exer-
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when compared with the soccer players. It was 
concluded that a rock climbing type of exercise may 
be of value in the treatment of ankle instability. 

 Thus although the evidence supporting the use of 
exercise in the management of foot and ankle dis-
orders is limited in some areas, there is clear support 
for the use of certain protocols, particularly in the 
areas of strengthening and proprioception. Such 
exercises will be discussed practically in Section 2.   

  Common  c onditions 

  Ankle  i nversion  i njury 

 Often an ankle inversion injury is thought to be the 
same as a lateral ligament sprain; however, this is 
not always the case. An ankle inversion injury may 
affect multiple structures beyond the lateral liga-
ment and can cause problems such as a fracture at 
the fi bular head, an osteochondral fracture of the 
dome of the talus or subluxation of the peroneal 
tendons  –  all of which can be very subtle and dif-
fi cult to diagnose. The patient may present with 
symptoms very similar to a straightforward lateral 
ligament sprain. It is essential that the therapist 
diagnoses the ankle dysfunction correctly and bears 
in mind the other possible diagnoses. For the pur-
poses of this chapter, a lateral ligament sprain will 
be discussed, and it is important to remember that 
an inadequately rehabilitated ankle will lead to pro-
longed symptoms, a high risk of recurrence and 
reduced function. 

 A lateral ligament injury is usually caused by a 
plantar fl exion/inversion movement, and the most 
commonly injured portion is the ATFL. Depending 
on the severity of the injury (grades 1 – 3 ligament 
sprain), the person may need to stop their activity 
immediately, or can continue with limitations. The 
swelling may be immediate or may develop within 
a few hours. In a grade 1 tear, there is no ligament 
laxity; in a grade 2 tear there is some ligament 
laxity but a fi rm end point and in a grade 3, there 
is gross laxity with a complete ligament rupture and 
no end point when testing. Often grade 3 injuries 
are the least painful, but it is important to get the 
diagnosis correct as this will dictate the rate of 
recovery and also the rate of rehabilitation. The 
management principles for all three grades are the 
same: control swelling; reduce pain  ±  immobilisa-

acute functional instability when compared with 
controls. Further, they examined the effects of 
either surgical stabilisation or proprioceptive exer-
cise on peroneal reaction time and found that only 
the exercise group showed improvement. 

 Evidence from a number of studies supports the 
use of wobble boards to improve proprioception in 
the ankle following inversion injuries (Clark and 
Burden,  2005 ). Clark and Burden  (2005)  noted a 
signifi cant decrease in muscle onset latency and a 
signifi cant improvement of their perception of func-
tional instability when a group followed a 4 - week 
wobble board training programme for 10 minutes, 
three times per week. However, there has been a 
recent trend among clinicians not to use wobble 
boards as they are not considered a functional exer-
cise, and it is thought that it is better to focus on a 
land - based functional programme instead. Delahunt 
 (2007)  noted that subjects who have functional 
instability in the ankle, exhibit feed - forward control 
defi cits to the peroneus longus during dynamic 
activities. Delahunt suggests that rehabilitation 
strategies should include exercises that produce 
sudden unexpected changes in joint movement, as 
this will facilitate unconscious joint stabilization. 
The need to rehabilitate the feed - forward mecha-
nism suggests that the use of wobble boards, foam 
blocks, foam rollers and trampolines will all aid in 
the rehabilitation of the functionally unstable ankle, 
as it will produce sudden unexpected change. 

 A number of studies have noted that introduction 
of a balance training programme is effective in 
reducing the risk of ankle sprains. McHugh  et al.  
 (2007)  showed that including a balance training 
intervention in training for high school football 
players reduced the incidence of non - contact ankle 
sprains; Mohammadi  (2007)  found similar results 
with the same kind of intervention in soccer players. 
McGuine and Keene  (2006)  showed that a balance 
training programme reduced the risk of ankle 
sprains in high school athletes. Schweizer  et al.  
 (2005)  attempted to include variation in balance 
and co - ordination demands by examining stability 
and co - ordination in the ankles of rock climbers 
compared with soccer players. The authors sug-
gested that rock climbing demands slow, well -
 controlled movements of the foot and ankle with 
the tibiotalar and subtalar joints in varying posi-
tions. The study found that the rock climbers exhib-
ited signifi cantly better results in stabilometry 
testing and greater maximum strength in the ankle 
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which can cause torsion of the plantar fascia and 
the Achilles ’  tendon. The author ’ s experience is that 
planus must be treated if there is a varus or valgus 
dysfunction at the subtalar joint causing poor bio-
mechanics; this is particularly important in the 
childhood/adolescent population. If the patient has 
a stable subtalar joint, but is genetically fl at footed, 
they would appear to have a low risk or predisposi-
tion to injury. Overuse injuries are associated with 
excessive pronation and it is important to fully 
rehabilitate not only the long and short intrinsic 
foot muscles, but also soleus, gastrocnemius and 
tibialis posterior, as these are likely to absorb shock 
and reduce the impact on the plantar fascia and 
midfoot region (O ’ Connor and Hamill,  2003 ). 

 Plantar fasciitis is thought to be due to irritation 
of the proximal plantar fascia with or without a 
history of trauma. Pain typically presents under the 
plantar heel and is worse on weight - bearing 
although may ease with exercise. There is usually 
tenderness at the proximal plantar fascia. Magnetic 
resonance imaging (MRI) may be useful in distin-
guishing from a stress fracture. Optimal treatment 
requires a stretching programme for the gastrocne-
mius, soleus, plantar fascia, orthoses, NSAIDs and 
in worse cases, surgery (Berkson  et al. ,  2007 ). 

 Hallux valgus of the fi rst MTP joint is also 
known as a bunion, and can have a genetic or bio-
mechanical cause or a combination of both. A 
hallux valgus diagnosis is given when there is 10 °  
valgus or greater at the fi rst MTP joint, and it is 
usually associated with a pes planus. This causes 
the forces at the toe off phase of the gait cycle to 
pass through the medial aspect of the fi rst ray, thus 
pushing the ray even further across. Rehabilitation 
of the foot and ankle may prevent the progression 
of this condition, but there is a need for further 
research in this area, particularly in the adolescent 
population.  

  Achilles ’   t endinopathy 

 Achilles ’  tendinopathies involve pain in the region 
of the Achilles ’  tendon. They can be extremely 
chronic and diffi cult to treat and can be very 
frustrating for the patient, both athlete and non -
 athlete alike. Until recently it was assumed that 
overuse of the tendon caused infl ammation and 
thus pain, requiring regular use of NSAIDs. 
However, more recent research has demonstrated 

tion with a brace, taping or crutches; restore range 
of movement; restore muscle strength; propriocep-
tive exercises, and implement a functional sports or 
work specifi c programme. 

 Ankle sprains account for 20% of all sports inju-
ries (Price  et al. ,  2004 ). Disability from ankle 
sprains can be severe with 40% of the population 
having dysfunction that persists for as long as 6 
months after the injury (Gerber  et al. ,  1998 ) and 
athletes with multiple ankle sprains have signifi -
cantly reduced proprioception and kinaesthetic 
awareness (Garn and Newton,  1998 ). Ankle sprains 
are the most common injury with an incidence rate 
of 80% in athletic populations and a recurrence 
rate of 73% (Yeung  et al. ,  1994 ). The successful 
rehabilitation of ankle injuries is crucial in prevent-
ing high recurrence rates. Those at risk of an ankle 
inversion injury include those with a mobile foot 
type, a more pronated foot, a longer total foot 
contact time, lateral pressure in the forefoot at push 
off phase in the gait cycle and those with delayed 
knee fl exion (Willems  et al. ,  2005a ). Willems  et al . 
 (2005b)  advocate that the therapist attends to gait 
patterns and addresses foot biomechanics to prevent 
inversion injuries. Proprioception is disturbed after 
an ankle sprain (Hartsell,  2000 ), thus highlighting 
the importance of adequate rehabilitation. Often 
rehabilitation is combined with ankle bracing or 
taping, as this has been shown to reduce the inci-
dence of re - spraining (Surve  et al. ,  1994 ). 

 Chronic pain following an ankle inversion injury 
may be due to a number of factors including: lateral 
or deltoid ligament instability; impingement lesion; 
osteochondral lesion of the talus; syndesmotic 
instability; or fracture.  

  Pes Planus,  p lantar  f asciosis 
and  h allux  v algus 

 Pes planus (fl at feet) and pain in the region of the 
plantar fascia (plantar fasciitis or fasciosis) are 
often seen together, so are being discussed together 
rather than as separate entities for the purposes of 
this chapter. Clinically, it is very common to see one 
condition with the other. The plantar fascia is the 
major stabiliser of the longitudinal arch, particu-
larly during the mid stance phase of the gait cycle. 
Pes planus, whether rigid or fl exible can lead to 
injury. The navicular is dropped and the longitudi-
nal arch remains pronated during the gait cycle, 
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  SECTION 2: PRACTICAL 
USE OF EXERCISE 

 The evidence supporting the use of exercise therapy 
in the management of foot and ankle disorders is 
very condition specifi c and so this chapter will 
discuss rehabilitation with reference to chosen 
pathologies or disorders. 

  Ankle  i nversion  i njury 

  Early  r ehabilitation 

  Aerobic  e xercise 

 The primary concern when prescribing aerobic 
exercise following an inversion injury is the stability 
of the ankle. In the acute stage, single leg cycling 
with the unaffected leg will allow the cardiovascu-
lar system to be challenged without compromising 
the affected joint. The patient may then progress to 
cycling with the affected leg with the clinician 
ensuring that the ankle is maintained in a close 
packed, dorsifl exed position by keeping the heel 
rather than the toe at the front of the pedal. 
Swimming is also suitable, particularly front and 
back crawl. Breast stroke may be tried with the 
ankle in dorsifl exion, although avoid the  ‘ whip 
kick ’  in as this can be painful. If the ankle is too 
painful with any leg kicking movement, the patient 
may put a fl oat between the legs and concentrate 
on arm movement only.  

   ROM  and  fl  exibility 

 A programme that includes range of movement 
exercises and alphabet drawing with the foot is 
suitable to rehabilitate ROM. Progress the pro-
gramme to weight transfer and knee bending in 
standing with support, and gait re - education focus-
ing on heel strike, foot fl at and toe off. The patient 
may not be able to weight - bear more than 25% of 
their body weight at this stage onto the affected leg, 
but they should slowly try to progress their percent-
age body weight onto this leg until they can do a 
single leg stand with comfort. 

 See Figures  12.1  and  12.2  for progression of 
dorsifl exion from non - weight - bearing to weight -
 bearing. See Figure  12.3  for plantar fl exion home 

that the pain of tendinopathy may be due to 
unidentifi ed biochemical factors that activate peri-
tendinous nociceptors without infl ammation. 
Pathological studies have shown that Achilles ’  tend-
inopathy is a degenerative process with an absence 
of infl ammatory cells (Smith and Sands,  2007 ). 

 Achilles ’  tendon functions eccentrically to lower 
the heel to the ground when landing from a jump 
and it works hard when walking and running 
uphill. It is usually a chronic overuse injury, of 
insidious onset, with no specifi c event to trigger it. 
However, on further questioning of the patient, it 
generally becomes obvious that it is associated with 
excessive stress and either slow or sudden overload 
on the Achilles ’  tendon, which can be caused by 
poor and excessive training methods, poor biome-
chanics of the lower limb and in particular foot 
pronation, a change in footwear or training pro-
grammes, poor balance within the training pro-
gramme, which can lead to joint and muscle 
imbalances causing weakness and lack of fl exibility 
not only of the calf but also of the lumbo - pelvic 
region and leg. The pain can be both in the mid 
section of the Achilles tendon and can also be at its 
insertion into the calcaneum. The latter is much 
harder to treat and takes a lot longer to settle, so 
the patient should be aware of the different prog-
nosis, and it is important that the therapist diag-
noses it correctly. Tendinopathy frequently occurs 
in the mid - substance of the tendon in the area of 
hypovascularity. Patients will complain of pain 
when rising from a resting position. Examination 
reveals thickening of the mid - substance of the 
tendon with local tenderness. 

 Optimal rehabilitation requires exercise therapy 
and biomechanical considerations. As it is now 
known that this disorder is not defi ned by infl am-
mation, traditional anti - infl ammatories approaches, 
such as NSAIDs, should be avoided. The greatest 
advance in the management of this condition over 
the past 20 years has been in the use of eccentric 
exercise therapy with a number of quality trials 
demonstrating its effi cacy (Rees  et al .,  2009 ). The 
evidence for use of eccentric exercise is strong for 
the management of mid portion Achilles ’  tendin-
opathy but less robust in the management of inser-
tional Achilles ’  tendinopathy although recent work 
has demonstrated increased effi cacy of eccentric 
exercise in insertional pathology when the exercise 
does not move beyond plantigrade (Jonsson  et al ., 
 2008 ). Section 2 outlines practical implementation 
of the eccentric exercise programme.    
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exercise progression in standing and sitting. It is 
important that full ROM in all directions are 
restored to the ankle, particularly dorsifl exion, as 
this is the movement required not only for gait, but 
also for the stairs and landing from jumps.   

 After an ankle inversion injury, the patient often 
loses the ability to dorsifl ex the ankle, and with 
that, the gastrocnemius and soleus muscles tighten. 
It is very important to start a fl exibility programme 
early for the calf muscles and to identify the other 
muscle groups that may also be tight, particularly 
the peroneals, as these are often overstretched 
during the injury and subsequently have increased 
tone and spasm at rest. 

 It is possible to start the calf stretches in long 
sitting using a belt, if the patient is unable to weight -
 bear, if there is too much pain or if there are positive 
neurodynamics in the form of a straight leg raise. 
Maintain a straight leg for the gastrocnemius, and 

a bent knee for the soleus, while using the belt to 
dorsifl ex the foot and try the exercise in both long 
sitting (Fig.  12.1 ) or in a straight leg raise position 
with knee extension or fl exion in supine (Fig.  12.4 ). 
It is important that a clinical reasoning approach is 
used in prescription of every exercise. There is no 
point in prioritising the exercise in the straight 
leg raise position if neurodynamic tests are 
abnormal.   

 There are many different ways to stretch the calf 
muscles but the most common way to stretch the 
gastrocnemius is to start on a fl at surface and then 
progress to a book or a slope (Fig.  12.5 ) and note 
the different foot positions available. Starting with 
the foot in a central position will give a general calf 
stretch; turning the foot medially can give a 
more lateral gastrocnemius stretch (Fig.  12.6 ) and 
turning the foot laterally (Fig.  12.7 ) can give a more 
medial head stretch. It is important to  ‘ chase ’  the 

     Figure 12.1     ( a ) Long - sitting, straight leg dorsifl exion, targeting gastrocnemius. ( b ) Long sitting, bent knee dorsifl exion, targeting 
soleus.  

(a) (b)

     Figure 12.2     ( a ) Dorsifl exion. ( b ) Dorsifl exion in weight - bearing.  

(a) (b)
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     Figure 12.3     Plantar fl exion in: ( a ) standing and ( b ) sitting.  

(a) (b)

     Figure 12.4     ( a ) Gastrocnemius stretch. ( b ) Soleus stretch.  

(a) (b)

stretch  –  the patient focuses on the tightest and 
most restricting position. It is also important that 
the patient does not roll the foot in, and maintains 
an optimal arch profi le by keeping the knee moving 
over the third metatarsal. If the patient cannot do 
this, the clinician can place a book along the longi-
tudinal arch to stop it collapsing inwards. They can 
progress the stretch in standing by asking the 
patient to stand with both feet on an incline board, 
aiming to keep the legs straight while moving the 
pelvis forwards (Fig.  12.8 ).   

 To focus the stretch on soleus, perform the stretch 
as for gastrocnemius (above), but fl ex the knee, 
ensuring that the knee moves over the third meta-
tarsal. This can be progressed to a bilateral soleus 
squat ensuring that both heels remain on the ground 
and that the knees move forward over the feet 
ensuring ankle dorsifl exion (Fig.  12.9 ).    

  Muscle  s trength and  e ndurance 

 There is much crossover between the exercises for 
muscle strengthening and proprioception/co - ordi-
nation. The outline and divisions of this chapter are 
more for academic reasons, but it is important to 
bear in mind, that if a patient is doing a single 
leg stand on toes for balance, they are also 
doing a concentric strengthening exercise for the 
gastrocnemius/soleus complex. To turn the same 
exercise into a strengthening exercise will mean that 
the patient repeats a heel lift and lower 20 – 30 times 
rather than a sustained hold of 30 – 60 seconds for 
balance. 

 Start with the basic isotonic exercises using 
Thera - Band ®  or free weights and do the entire 
ankle movements with both knee fl exion and knee 
extension (Fig.  12.10 ). If isotonic exercises are too 



     Figure 12.5     Stretch to the gastrocnemius using a block.  

     Figure 12.6     Lateral gastrocnemius stretch with the foot 
turned medially.  

     Figure 12.7     Medial gastrocnemius stretch with the foot 
turned laterally.  

     Figure 12.8     Stretch on an incline board.  

     Figure 12.9     Bilateral soleus squat.  

(a) (b)
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     Figure 12.10     ( a ) Resisted plantar fl exion in knee extension. ( b ) Resisted dorsifl exion in knee extension. ( c ) Resisted dorsifl exion 
in knee fl exion. ( d ) Resisted plantar fl exion in knee fl exion. ( e ) Resisted eversion in knee fl exion. ( f ) Resisted inversion in knee 
fl exion.  

(a) (b)

(c) (d)

(e) (f)
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painful, start with basic isometrics, where the 
patient pushes against their other foot for resistance 
(Fig.  12.11 ).   

 Progress the subject to a weight - bearing pro-
gramme as quickly as possible, and always consider 
the kinetic chain when doing these exercises. Ensure 
that there is excellent control around the hip and 
trunk, and that the patient is not compensating by 
dipping the pelvis/hip or fl exing the trunk forwards. 
The progression of the rehabilitation will depend 
on the presenting patient and their functional 
demands or sport. 

 Start with the basic step - up and step - down (Fig. 
 12.12 ) or step - over (Fig.  12.13 ). This exercise covers 
many issues. It helps regain dorsifl exion, but more 
importantly, it works the gluteus medius and pelvic 
stabilisers. Ensure that the patient can start to hop, 
and include multi - directional tasks and add resist-

     Figure 12.11     Dorsifl exion against resistance of the other 
foot.  

     Figure 12.12     Step - up, emphasising dorsifl exion and push 
up with the right foot. The patient stands on the ball of the 
left foot to prevent pushing with this side.  

     Figure 12.13     Step - over.  

     Figure 12.14     Multi - directional task with resistance. The 
patient jumps forwards and backwards and left and right. The 
height and distance are gradually increased.  

ance as needed (Fig.  12.14 ). As the patient progresses, 
start to increase both the distance and the height. 
Adapt the hopping patterns to suit the patient ’ s 
needs and design as many hopping patterns as pos-
sible. This may include focusing on sideways or 
backwards hopping more than forwards. Include 
the trampette  –  double foot jump, single foot jump, 
and jumping on and off (Fig.  12.15 ).   

 Progress the jumping activity, by asking the 
patient to jump forwards, backwards and sideways 
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 Progress the single leg stand in fl at foot position 
to standing on toes on two feet and one foot with 
straight legs and then onto toes on two feet and one 
foot with a bent knee (Fig.  12.20 ). It is important 
that the patient keeps the heels high as they bend 

     Figure 12.15     ( a ) Trampette jumps. 
( b ) Single foot trampette jumps.  (a) (b)

     Figure 12.16     Single hop forwards and backwards.  

over an object of varying heights on two feet and 
one foot (Figs  12.16  and  12.17 ). Include skipping, 
shuttle runs (forwards, backwards, and sideways) 
and fi gure - of - eights forwards and backwards.    

  Proprioception 

 The basic approach to restoring balance is to start 
the patient standing on one leg. (See Fig.  12.18  for 
the correct technique.) Refer to Figure  12.19  for a 
poor technique and excessive weight transference. 
Although this may be diffi cult to see in the fi gure, 
 ‘ Trendelenburg ’ s ’  or  ‘ compensatory Trendelenburg ’ s ’  
are very common clinical presentations. If the 
patient is having diffi culties with weight transfer-
ence and has a large pelvic shift, start in standing, 
with a narrow base of support, and start with a heel 
lift, progressing on to a heel and toe lift. Progress 
the exercise by widening the stance.   

 Progress the single leg stand exercise with knee 
fl exion on the standing leg. Ensure that, again the 
patient does not cheat by dipping the pelvis/hip and 
the only body part to change position is the knee, 
and that continues to track out over the third meta-
tarsal. If the knee rolls inwards and falls over the 
fi rst, this will have a pronatory effect on the longi-
tudinal arch and will reduce the work of the intrin-
sic muscles. 
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     Figure 12.17     Double hop sideways.       Figure 12.18     Correct technique for single leg stand.  

     Figure 12.19     ( a ) Poor one leg standing technique with ( b )  ‘ compensatory Trendelenburg ’ .  

(a) (b)
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patient is pain free, has full ROM and good muscle 
strength and proprioception. It is important to 
remember that inadequate rehabilitation and early 
return to sport will increase the chances of re - injury, 
so it is essential that the patient completes a func-
tional programme and the sooner the clinician can 
commence this, the more successful will be the 
rehabilitation. Re - train the movement patterns 
rather than just focusing on the individual muscles 
at this stage, and ensure that all the variables of 
functional training are considered, including load 
progression, range of movement, base of support, 
speed and, most importantly, multi - directional 
activity, by including exercises that challenge the 
sagittal, transverse and frontal planes. Include 
squats, dips and plyometric exercises that use dif-
ferent arm positions and different directions to not 

the knee and that the knee continues to move out 
over the third metatarsal. If the patient can com-
fortably do these exercises, they can then try to 
perform them with their eyes closed, and then 
throwing a ball. The clinician can then progress all 
the above exercises to the wobble board, foam 
block and foam roller (Fig.  12.20 c). The progres-
sion of the patient will depend on many things 
including their motivation to continue with exer-
cise, their functional ability and prognosis, and also 
their sporting level.     

  Functional and  l ate  r ehabilitation 

 Functional exercises as outlined above (hopping, 
jumping, shuttle runs) should be applied when the 

     Figure 12.20     ( a ) Heel lift exercise, two 
feet. ( b ) Heel lift on one foot. ( c ) Balance 
exercise on wobble board.  

(a) (b)

(c)
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spiky ball and progress to a golf ball as able. 
Progress the massage treatment to massage of the 
calf muscles in standing, which will create a wind -
 up effect of the myofascia and can give very good 
release of the muscles restricting the normal move-
ment. The therapist must restore full range of 
movement to the ankle (as outlined earlier), but 
must also correct the hallux valgus and restore full 
MTP extension. This can be done in standing (Fig. 
 12.22 a) as well as in sitting (Fig.  12.22 b), but the 
patient must ensure that they abduct the toe before 
extending it, and ensure that they fi xate the MTP 
joint before extending the hallux.   

 It is also very important to restore normal move-
ment and function to the toes. Toes, when chal-
lenged, can be almost as dexterous as fi ngers. The 
effect of a rigid foot, may not only lead to pain, but 
it may also reduce the shock absorbing capabilities 
of both the foot and the lower leg. The foot 
strengthening programme, for both the foot intrin-
sics and extrinsics can be trained quite easily with 
the following exercises.  

  The  t oe  s pread (Fig.  12.23 ) 

 See if the patient is able to spread their toes (in the 
same way as they can spread their fi ngers) and use 
the interossei muscles without moving the heel or 
lifting the foot. A progression of this exercise is to 

only challenge the ankle joint but also the whole 
kinetic chain (Fig.  12.21 ).     

  Planus and  p lantar  f asciosis 
and  h allux  v algus 

  Rehabilitation 

  Aerobic  e xercise 

 All the aerobic exercises described above for ankle 
inversion injury are appropriate for the manage-
ment of plantar fasciosis. Activities which are not 
fully weight - bearing such as rowing are suitable 
and weight - bearing activities which do not promote 
constant pronation may be tried. In general, pain is 
a good indicator of an inappropriate exercise. If the 
patient has been prescribed orthoses they should be 
worn during the activity and the prescribing clini-
cian should constantly monitor biomechanics of the 
foot and ankle, correcting as appropriate.  

   ROM  and  fl  exibility 

 Start by reducing the pain in the plantar fascia 
region; this can be done by massaging the sole of 
the foot and the calf muscles, and also by giving a 
home exercise of massage or trigger pointing on a 

     Figure 12.21     ( a ) Squat with arm raise. ( b ) Double leg squat with trunk rotation. ( c ) Single leg squat with trunk rotation.  

(a) (b) (c)
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     Figure 12.23     Toe spread.       Figure 12.24     Towel exercise.  

     Figure 12.22     ( a ) Hallux extension stretch in standing. ( b ) Hallux extension stretch in sitting.  

(a) (b)

then  ‘ toe spread and dome ’ . In this exercise, the 
patient uses the short intrinsics muscles, and it is 
important that they do not curl the toes, but still 
have a slight  ‘ doming effect ’  where the arch lifts up.    

  The  t owel  e xercise (Fig.  12.24 ) 

 This exercise involves the long toe fl exors and also 
helps with the arch lift and requires the patient to 
spread the toes, placing them on the towel and then 
scrunching the towel up, until they have managed 
to pull the whole towel in without moving the heel. 
A progression of this exercise is to place the towel 
on a carpet rather than a wooden fl oor to add more 
resistance, or place a weight on the towel. Finally, 
the patient should pick up objects using all the toe 
fl exors, e.g. pencils, markers, buttons, marbles. 
Ensure that they do not cheat by just using their 
big toe.   

 It is also important to include some stretches of 
not only the calf muscles, as previously demon-
strated, but also of the plantar fascia. This can be 
diffi cult for the individual who cannot get enough 
MTP extension, and if that is the case, they may 
need to do the stretch while keeping the fi rst MTP 
free. Ensure that the arch profi le is maintained 
throughout the stretch.  

  Muscle  s trength and  e ndurance 

 There are also some specifi c foot strengthening 
exercises that should be included. Include walking 
on toes with the heels kept high and a straight leg 
to work the gastrocnemius. Repeat with a bent 
knee,  ‘ the soleus walk ’ , both of which will help to 
control the rearfoot. Walking on the heels (Fig. 
 12.25 ) will help use the tibialis anterior to control 
the arch position. With this exercise, ensure that the 
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  Achilles ’   t endinopathy 

 The main aim of treatment is to restore the ankle 
range of movement, particularly dorsifl exion, 
lengthen the calf muscles as outlined previously, 
and start the patient on an eccentric training pro-
gramme for the gastrocnemius and soleus. 
Management of this condition should be based on 
a symptom - related approach. 

  Aerobic  e xercise 

 Aerobic exercise will generally be non - weight - bear-
ing in the acute phase of Achilles tendinopathy. 
Aerobic exercise described in the management of 
ankle inversion injury is appropriate. Progression 
to weight - bearing activities should be with caution 
and as pain allows and low impact exercise should 
be prescribed. Late stage of rehabilitation should 
encourage activities such as plyometrics, skipping 
and bouncing on a trampette to challenge the 
tissues of the Achilles ’  tendon.  

  Range of  m otion and  fl  exibility 

 The exercise programme described to address ROM 
in the management of plantar fasciosis, as described 
above, should be applied in the rehabilitation of 
Achilles ’  tendinopathy.  

  Muscle  s trength and  e ndurance 

 The programme should commence with the patient 
performing heel drops over the edge of a step, with 
both a straight leg and a bent knee (Fig.  12.27 ). 
Start without any weight and then gradually 
increase the patient ’ s load by performing the heel 
drops with a backpack fi lled with weights on their 
shoulders. Again the weight can be gradually 
increased, as can the repetitions. Alfredson  et al . 
 (1998)  recommend three sets of 15 repetitions, 
performed twice a day, 7 days a week. This pro-
gramme should be maintained for 12 weeks. The 
patient must ensure that they do not load the 
affected calf concentrically as they move into 
plantar fl exion but must use their non - affected leg 
to push themselves back up. The patient should be 

patient does not cheat by using their toe extensors 
or by failing to lift their foot up enough into dor-
sifl exion. Walking on the outsides of the feet (Fig. 
 12.26 ) encourages use of tibialis anterior again and 
the arch drop and lift off the edge of a step works 
the tibialis posterior tendon eccentrically. The tibia-
lis posterior tendon is the main dynamic stabiliser 
of the foot and works to invert the subtalar joint 
and stabilise the arch.    

  Proprioception 

 This part of rehabilitation should include the pro-
prioception programme as outlined earlier with 
specifi c attention to maintaining the arch profi le 
throughout the exercises without losing rear -  or 
midfoot control. The clinician must also ensure that 
the patient uses the correct movement patterns and 
is not overusing the long toe extensors or fl exors. 
They must also avoid toe clawing or extending.    

     Figure 12.25     Walking on heels.  

     Figure 12.26     Walking on outside of feet.  



204 Exercise Therapy in the Management of Musculoskeletal Disorders

exercises, including Figure  12.20 , and ensure that 
the end - range rehabilitation plan includes func-
tional exercises such as uphill walking and walking 
downstairs. Step - down exercise will work the calf 
muscles eccentrically and will also work the hip and 
leg muscles. 

 It is very important to address the orthoses issue, 
ensuring that the patient not only has orthoses that 
they will wear, but that will also give enough rear -  
and midfoot control and will act as good shock 
absorbers. Advice on footwear is essential; ensure 
that the footwear has a good heel counter, which 
helps control the calcaneum and also has good 
shock absorbency. Often clinicians recommend 
excellent training shoes, with good shock attenua-
tion, and then suggest that the patient wear a rigid 
orthotic device, which will counteract any shock 
absorbency benefi ts of the shoes. It is important 
that the clinician understands the kind of shoe and 
device required and for what effect.    

warned that the exercises may cause discomfort, 
particularly in the early stages of the programme, 
but must stop if the pain becomes disabling. If the 
patient can do the exercises in the early stages of 
the programme in bare feet, this allows them to not 
only focus on their alignment and foot position, 
particularly of the longitudinal arch, but it also 
ensures that the foot intrinsic muscles have to work 
harder. However, if the patient has very poor foot 
and ankle alignment/biomechanics, or if the step 
has no carpet on it, this can be too uncomfortable 
on the sole of the foot and will place too much of 
a valgus stress on the ankle and midfoot, and will 
require the patient to wear training shoes.    

  Proprioception 

 As discussed previously, it is important to include 
a good proprioceptive programme, see the above 

     Figure 12.27     Heel drop with ( a ) knee extension and ( b ) knee fl exion.  

(a) (b)

  SECTION 3: CASE STUDIES AND 
STUDENT QUESTIONS         

     A 32 - year - old female presents to the clinician with 
an acute right ankle inversion injury 3 days after 
inverting her ankle while wearing high heels. She 
attended the accident and emergency room, was 
X - rayed and was given a Tubigrip and crutches 

and told that she had no fracture but to weight -
 bear as able. She has been applying the PRICEM 
(protection, rest, ice compression, elevation, med-
ication) principles since injury, and complains of 
lateral ankle pain,  ‘ tightness ’  in the forefoot and 

 Case study 1 
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marked spasm/pain in the peroneus muscles and, 
just today, a feeling of tightness in the calf. 
Assessment reveals marked swelling and discol-
ouration of the lateral ankle and forefoot; marked 
pain with palpation over the fi bula head, all the 
lateral ankle structures, particularly the ATFL, 
and muscle spasm and pain in the peroneus 
muscles. ROM is reduced and painful in all direc-
tions  –  30  °   plantar fl exion, – 10  °   dorsifl exion, 5  °  
 inversion, 5  °   eversion. Ankle strength cannot be 
assessed accurately due to pain and lack of move-
ment. Instability tests suggest a grade 2 ATFL 
sprain. She is afraid to weight - bear on the ankle 
not only because of pain but also because of the 
fear that her ankle may  ‘ give way ’ .   

  Management 

 The emphasis in the early stage of management of 
this patient should be to reduce swelling and pain 
to allow an increase in function. If the pain is 
severe, the ankle should be initially immobilised 
in a brace and the patient should use crutches. At 
this stage, gait should be re - educated progressing 
from partial weight - bearing with the crutches to 
fully weight - bearing as pain allows. Early exercise 
will include a balance programme comprising 

weight transference with or without crutches. Soft 
tissue work on the peroneus muscles, gastrocne-
mius and soleus muscles may enhance recovery. 
Active ROM exercise of the ankle may be per-
formed and repeated in a straight leg raise posi-
tion if neurodynamic tests are positive. ROM 
exercise may be performed passively with acces-
sory movements added with particular attention 
to the inferior tibiofi bular joint. Aerobic exercise 
at this stage could include swimming with a kick-
board or one leg cycling. Strengthening exercise 
at this stage would be fulfi lled by the performance 
of the balance programme. 

 The middle to late phase of rehabilitation 
requires a progression to functional activities. 
Single leg stand with knee fl exion and extension 
should be performed as well as  ‘ toe stands ’  to 
enhance proprioceptive and build strength. Stair 
climbing and gait activities with an emphasis on 
good pelvis control are good functional activities. 
The patient should perform ROM exercises in 
functional positions such as squatting in standing. 
The fi nal stage of rehabilitation should include a 
full functional programme such as plyometrics 
and trampette work which includes all compo-
nents of fi tness. The emphasis at this stage is to 
include multi - directional activities. Taping may 
provide a psychological and proprioceptive aid in 
the fi nal stage of management.  

Case study 1—cont’d

     A 14 - year - old girl, who is a competitive dancer, 
complains of right heel and arch pain since 8 
weeks. Her dance teacher tells her that she has fl at 
feet and that she is not lifting her heels high 
enough when she dances. The dancer feels that 
her dancing has deteriorated over the past several 
months, as she cannot jump as high as she used 
to, and she now has to really use her arms when 
she jumps to achieve height. Her mother states 
that she dances four times a week and that she 
has noticed that her daughter has become  ‘ heavier 
on her feet ’  and has had quite a signifi cant recent 
growth spurt.  

  Clinical examination reveals a right early hallux 
valgus, approximately 10  °  , bilateral rearfoot 
varus and compensatory pronation bilaterally. 
She also has very weak foot intrinsic muscles and 
is unable to toe spread or dorsifl ex in standing 
(heel walk). The dancer is able to stand on one 
foot with the eyes open, but is poor with the eyes 
closed and is unable to stand on her toes on two 
feet or one foot without signifi cant pronation and 
heel drop. She has a very poor jump, with little 
power coming from her calf muscles or her core.  

  There is a loss of end - range ankle dorsifl exion, 
MTP 1 extension is 40  °   with a poor movement 

 Case study 2 
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pattern and the right hip has lost end of range 
external rotation. Palpation shows marked ten-
derness of the right plantar fascia at the calca-
neum and also along the longitudinal arch with 
multiple trigger points in the deep intrinsics.   

  Management 

 The aim of management of this patient is to take 
a global approach, i.e. to address foot dysfunction 
as well as performance issues. The working diag-
nosis of this patient is plantar fasciosis. 
Rehabilitation should commence with ROM 
activities to include intensive stretching of the 
plantar fascia, gastrocnemius and soleus, as well 
as mobilisation of the fi rst MTP joint. Soft tissue 
work such as massage with the muscle in a 

stretched position may aid progress. The intrinsic 
foot programme (described in text above) should 
commence early and other issues to correct bio-
mechanics should be addressed at an early stage. 
Proprioception work in the early stage for this 
patient should include toe standing on one leg 
demonstrating good control of the whole limb 
and the ability to prevent the rearfoot from drop-
ping. The middle to late stage of rehabilitation 
should progress to jumping and trampette work, 
teaching the patient to jump correctly by control-
ling from the hip. This patient should be encour-
aged to jump with hands behind her back to 
facilitate lift with the lower limb and good  ‘ core ’  
activity. Jumping and trampette work will chal-
lenge the proprioceptive, aerobic and strengthen-
ing systems. The patient may be further helped by 
prescription of correct functional foot orthoses or 
corrective taping.  

Case study 2—cont’d

     A 40 - year - old male offi ce worker, who plays 
tennis once per week and likes to walk daily to 
and from work, complains of pain in the mid -
 portion of his right Achilles ’  tendon. The pain has 
been gradually worsening over the past 3 months, 
and it is particularly stiff fi rst thing in the morning 
getting out of bed. This stiffness tends to last 
10 – 15 minutes and eases as the patient gets 
moving. He likes to walk, and has pain at the 
beginning of the walk, which eases as the walk 
progresses, but if he overdoes it, the pain will 
return and he will start to limp. The pain can then 
last the rest of the day and evening, although eases 
with the application of a heat pack. He also 
notices pain walking downstairs. The patient 
states that he always wears soft slip on leather 
shoes, and has not changed his running shoes for 
about 5 years. He also used to wear orthoses, but 
found that they were too cumbersome and did not 
fi t into his work footwear, so he stopped wearing 
them about 3 years ago.  

  Clinical fi ndings show marked tightness in the 
right soleus and gastrocnemius, with the patient 

unable to dorsifl ex the right ankle more than 5  °  
 in standing, without marked compensatory pro-
nation. The patient is able to do a single leg heel 
raise without pain, but fi ve single leg hops on the 
spot provoke his pain, while two hops forwards 
provoke the pain. There is marked tenderness of 
Achilles ’ , both with the squeeze test of the tendon 
and with direct postero - anterior pressure on the 
tendon.   

  Management 

 In the early stage of rehabilitation of this patient, 
aerobic activities may be continued within the 
confi nes of pain. If weight - bearing exercise is 
painful then non - weight - bearing exercise such as 
swimming may be acceptable. ROM exercise 
early in management should emphasise recovery 
of full ankle dorsifl exion and fi rst MTP ROM. 
Gait re - education should emphasis, in particular, 
good heel strike and mid stance. The eccentric 

 Case study 3 
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  Student  q uestions 

           (1)   Design three functional exercises for a painter 
who complains of Achilles ’  pain each time he 
goes up and down the ladder.   

   (2)   What are your goals for the fi rst three days 
after an acute ankle inversion?   

   (3)   Describe three different ways to stretch the 
gastrocnemius.   

   (4)   Develop two new proprioceptive exercises for 
the elite level gymnast.   

   (5)   Why would you give a patient a concentric 
Achilles ’  programme as against the recom-
mended eccentric programme?   

   (6)   List the benefi ts of good footwear.   
   (7)   Why do therapists use wobble boards to train 

proprioception, a wobble board is not consid-
ered a functional exercise? What is the neuro-
physiological benefi t to training on unstable 
surfaces?   

   (8)   Develop a strengthening programme for the 
foot with a tibialis posterior tendinopathy.   

   (9)   When would it be appropriate to select a rigid 
orthotic device for a patient?   

   (10)   Design two new home exercises to improve 
ankle plantar fl exion.       
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  13 Musculoskeletal Disorders 
in the Developing Child  

  Juliette     Hussey    and    Mandy     Johnson       

   Physical  a ctivity in  c hildren  –   h ealth 
 b enefi ts and  g uidelines 

  Health  b enefi ts of  p hysical 
 a ctivity in  c hildhood 

 There are a number of health benefi ts of physical 
activity, many of which have been discussed in pre-
vious chapters. The benefi ts of regular activity in 
early adulthood were fi rst investigated in the 
Harvard Alumni Health Study where activity levels 
in 16   396 men aged 35 – 74 years were investigated. 
An inverse dose relationship between physical 
activity and all - cause mortality was found 
(Paffenbarger  et al .,  1986 ). 

 Other studies (Morris  et al .,  1966 ; Lee  et al. , 
 1999 ; Bucksch,  2005 ) have added further to the 
evidence for the health benefi ts of regular activity 
in adults. The evidence for the effects of physical 
activity on morbidity and mortality in children is 
not available at present. The paucity of evidence 
may in part be due to a lack of studies that have 
reached a conclusion, or studies that have not been 
of suffi cient length to examine such a relationship. 
Currently there are a number of population studies 
investigating the prevalence of cardiovascular 

disease risk factors in children and adolescents; 
these include the Bogalusa Heart Study, the 
Amsterdam Growth and Health Longitudinal 
Study, the Northern Ireland Young Hearts Project, 
the Cardiovascular Risk in Young Finns Study and 
the European Youth Heart Study (EYHS). While 
end points have not been reached in these studies 
they have highlighted the importance of physical 
activity and fi tness in the prevention of cardiovas-
cular risk factors. These and other related studies 
have produced considerable evidence for the bene-
fi ts of activity and fi tness on insulin sensitivity 
(Raitakari  et al .,  1994b ; Schmitz  et al .,  2002 ), 
blood lipid profi les (Suter and Hawes,  1993 ; 
Raitakari  et al .,  1994a ), fl ow mediated dilation of 
the brachial artery (Abbott,  2002 ) and multiple risk 
factors including the metabolic syndrome (Bouziotas 
 et al .,  2004 ; Brage  et al .,  2004 ; Ribeiro  et al .,  2004 ).  

  Physical  a ctivity  g uidelines in  c hildren 

 Young children tend to be active if given suffi cient 
opportunity and space. The activity they engage in 
tends to be short bursts of intense activity inter-
spersed with less intense periods. Unlike adults, 
children tend not to engage in long periods of sus-
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children, while almost all achieved such a level, yet 
a percentage were overweight (20.7% of boys and 
20.2% of girls) (Hussey  et al .,  2007 ). Similar fi nd-
ings were those of a EYHS study where among 
children aged 9 years, 97.4% of boys and 97.6% of 
girls were meeting the recommendations, and again 
a number were overweight (Riddoch  et al .,  2004 ). 
The idea that there is a need for both genders to 
have a higher level of physical activity is supported 
by Andersen  et al .  (2006) , who found a higher level 
of activity was needed to prevent clustering of car-
diovascular disease risk factors. In addition to a 
higher level of activity required for children it has 
also been proposed that boys need to do more activ-
ity for a given level of body composition. Tudor -
 Locke  et al .  (2004)  recommended different amounts 
of activity for boys and girls based on data on activ-
ity levels collected by pedometer and cut off points 
for normal weight and overweight/obesity. The 
selected cut - off points for 6 – 12 year old children 
would equate to approximately 120 minutes of 
activity per day for girls and 150 minutes per day 
for boys. Therefore it may be that requirements for 
boys and girls not only need to be higher but need 
to be different, due to inherent physiological or 
behavioural differences in the genders. 

 To the authors ’  knowledge, there are no long -
 term longitudinal studies on activity and bone 
health in children, but there have been a number of 
studies that have investigated activity over a few 
years and retrospective studies that have compared 
adult bone health with activity performed as a 
child. Both exercise and nutrition are independently 
recognised as factors essential for optimal bone 
health during growth. Regular weight - bearing exer-
cise is well recognised as important in bone mineral 
content and bone mineral density during childhood 
and growth. 

 The ASCM recommends that to augment bone 
mineral accrual in children and adolescents they 
should engage in impact activities (gymnastics, 
plyometrics and jumping) and moderate intensity 
resistance training. Participation in sports that 
involve running and jumping (soccer, basketball) is 
likely to be of benefi t. The intensity should be high 
in terms of bone loading forces but resistance train-
ing should be  < 60% of 1 RM (repetition maximum). 
The frequency should be at least 3 days per week 
and the duration 10 – 20 minutes. 

 In a review on the evidence in this area Daly 
 (2007)  concludes that the structural response of 

tained activity. As the child gets older he or she 
commences engaging in more sustained periods of 
activity generally associated with sport or walking/
cycling as a means of transport. 

 Activity guidelines for children have changed 
over the last number of years. Physical activity 
guidelines for children were fi rst presented by the 
American College of Sports Medicine (ACSM) in 
 1998 . The guidelines were based on those of adults 
and the recommendation was that children should 
achieve 20 – 30 minutes of vigorous activity per day. 
The general ACSM guidelines for physical activity 
were that adults should accumulate at least 30 
minutes of moderate intensity activity on most, and 
preferably all days of the week (ACSM,  1990 ). In 
1994 the International Consensus Conference on 
Physical Activity Guidelines for Adolescents recom-
mended that  ‘ all adolescents are physically active 
daily, or nearly every day, as part of play, games, 
sports, work, transportation, recreation, physical 
education, or planned exercise, in the context of 
family, school and community activities ’  and that 
 ‘ adolescents engage in three or more sessions per 
week of activities that last 20 minutes or more at a 
time that require moderate to vigorous levels of 
exertion (Sallis and Patrick,  1994 ). More recently 
in the USA, an expert panel was set up by the 
Divisions of Nutrition and Physical Activity and 
Adolescent and School Health of the Centers for 
Disease Control and Prevention to review and eval-
uate the evidence on the infl uence of physical activ-
ity on several health and behavioural outcomes in 
children aged 6 – 18 years, and to develop evidence -
 based recommendations (Strong  et al .,  2005 ). A 
total of 850 articles were reviewed, and the areas 
included adiposity, cardiovascular health, asthma, 
mental health, injury associated with physical activ-
ity and musculoskeletal health. Most of the inter-
vention studies reviewed included supervised 
programmes of 30 – 45 minutes of moderate to vig-
orous activity on 3 – 5 days per week. The panel 
recommended that  ‘ school aged youth should par-
ticipate in 60 minutes or more of moderate to vigor-
ous physical activity that is developmentally 
appropriate, enjoyable, and involves a variety of 
activities ’ . 

 The strength of the evidence base for the exercise 
recommendations by Strong  et al .  (2005)  could be 
questioned. It could be argued that a minimum of 
60 minutes of moderate to vigorous activity per day 
is too low, given that, in a study on 7 – 10 year old 
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defi ned until after birth. Bone tissue is different 
again as all three processes of hyperplasia, hyper-
trophy and accretion occur in bone growth, which 
can continue into late teens or early twenties. 

 Maturation occurs in all the various body 
systems, skeletal, sexual, physiological, neurologi-
cal, and morphological, etc., but the timing of the 
process differs with each body system (Malina 
 et al .,  2004a ). The maturation of the neurological 
system occurs around the age of 7 years, sexual 
maturation or the ability to reproduce usually 
occurs in early teenage years, with girls approxi-
mately 2 years ahead of boys. Skeletal maturation 
is said to have occurred when full skeletal ossifi ca-
tion has taken place, and also occurs earlier in girls. 

  Monitoring and  m easuring  g rowth 

 The measurement of growth is termed anthropom-
etry and is used in various ways in both clinical 
practice and the sporting environment to monitor 
the development of children. The monitoring of 
children ’ s growth is well established in paediatric 
health care, as poor or slow growth can be due to, 
among other things, poor nutrition, social or eco-
nomic status or various genetic and/or hormonal 
defi ciencies (Hall,  2000 ; Hermanussen  et al .,  2001 ; 
Cole  et al .,  2002 ). Regular monitoring of growth 
can often pre - empt problems and can be carried out 
at a specifi c chronological age and compared with 
population reference standards usually in the form 
of growth charts. Measurements can be taken at 
one moment in time and compared with the charts 
but that will only give the information of whether 
the child at that particular time is small or tall, 
which if only taken once is clinically meaningless 
(Zeferino  et al .,  2003 ). Usually, measurements are 
taken at set points over a period of time giving 
longitudinal data and growth velocity or tempo 
(Cole  et al .,  2002 ). It is accepted that children grow 
at irregular rates at different chronological ages, 
which can lead to diffi culties in interpreting the 
results in a meaningful way. Height and weight are 
the two most commonly used measures to monitor 
growth, with weight more relevant in infancy and 
height more relevant after infancy (Cole  et al. , 
 2002 ). 

 Growth charts are used to monitor the changes 
that take place longitudinally in a child and were 
fi rst developed for British children in the early 

bone to exercise during growth is maturity depend-
ent and gender specifi c. Before puberty exercise 
appears to increase apposition in both genders but 
during puberty and late in puberty, exercise appears 
to result in periosteal expansion in boys but endo-
cortical contraction in girls. While it is accepted 
that the nature of exercise programmes should be 
predominately weight - bearing and variable in 
nature the optimal dose range has yet to emerge. 
This is echoed by Macdonald  et al .  (2007)  who 
examined the effect of a daily program of physical 
activity on tibial bone strength in pre or early 
pubertal children at baseline. The programme 
included daily jumping and 15 minutes of physical 
activity in addition to the normal physical educa-
tion classes. Pre - pubertal boys had a signifi cant 
increase in bone strength index but there was no 
difference in girls between the intervention and 
control subjects. The authors concluded by suggest-
ing the need for a dose response trial for those past 
the pre - pubertal stage.   

  Growth and  m aturation 

 During childhood and adolescence there is consid-
erable growth in terms of height and weight, and 
growth spurts can result in changes in the ratios of 
muscle strength to limb length and in stress on the 
related soft tissues. Limb growth affects the muscle 
forces that are required for movement and growth 
also affects the strength of the tendon, apophysis, 
ligaments and bone (Hawkins and Metheny,  2001 ). 
Muscles and tendons have to lengthen with a 
growth spurt but if they do not hypertrophy until 
after the growth spurt, then the increased mass of 
the limb will require the muscle to generate a 
greater percentage of their maximum force to 
produce a movement. This increased force may lead 
to increased stress on the tendons. 

 Different types of tissues grow at different rates 
and at some point go through a process of hyper-
plasia (an increase in cell number), hypertrophy (an 
increase in cell size) and accretion (an increase in 
intercellular substance). Hyperplasia usually occurs 
before birth whereas hypertrophy occurs after 
birth, but this does depend on the tissue type 
(Malina  et al. ,  2004a ; Stratton  et al .,  2004 ). Neural 
tissue is essentially defi ned at the pre - natal stage of 
development but the amount of muscle tissue is not 
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al .,  1997 ; Jones  et al .,  2000 ). This information is 
needed by coaches so they may plan sessions to 
apply the correct training loads in boys of the same 
chronological age who are at various levels of phys-
iological development and therefore have different 
performance abilities. Differences in maturity and 
development can be as much as 3 – 4 years for boys 
of the same chronological age (H ä gg and Taranger, 
 1991 ; Beunen  et al .,  1992 ; Iuliano - Burns  et al. , 
 2001 ). This difference often results in the early 
maturing boys being in an advantageous position 
for performance purposes (Malina  et al .,  2000, 
2004b ) and often means that late - maturing boys 
are deselected, even though research has shown that 
ultimately the late - maturing boys will catch up in 
all dimensions when they reach adulthood 
(Philippaerts  et al .,  2006 ).  

  Peak  h eight  v elocity 

 When the adolescent growth spurt occurs the rate 
of the change in height accelerates and then gradu-
ally decelerates. Peak height velocity (PHV) is a 
somatic biological maturity indicator and records 
the moment of maximum velocity of growth during 
adolescence. PHV has been used in number of 
studies as a non - invasive method of assessing the 
maturation status of players and athletes (H ä gg and 
Taranger,  1991 ; Beunen  et al .,  1992 ; Malina,  1994 ; 
Philippaerts  et al .,  2006 ). PHV normally precedes 
all other peak velocities for other tissue growth and 
the point of time at which this occurs is highly 
individual and there can be considerable variation 
among children (Iuliano - Burns  et al .,  2001 ). PHV 
will occur on average between 11.3 and 12.2 years 
of age in girls and 13.3 and 14.1 years of age in 
boys (Malina,  1994 ) with the average PHV occur-
ring up to 2 years earlier in girls than it does in boys 
(H ä gg  et al .,  1991 ; Iuliano - Burns  et al .,  2001 ). PHV 
can only be determined in a longitudinal study in 
which regular height measures are taken and then 
plotted to determine the growth velocity over time.  

  Methods of  e stablishing  m aturity 

 There are a number of non - invasive methods used 
to assess maturation. Various maturity indicators 
can be used including the development of sexual 
characteristics or morphological age although some 

sixties by J.M. Tanner and R.H. Whitehouse, and 
these charts (in a modifi ed form) are still used along 
with Freeman charts and the Buckler - Tanner charts 
(Wright  et al .,  2002 ). Different countries use refer-
ence data collected from their own national popula-
tions which makes it very diffi cult to compare 
studies across countries due to the differences in 
ethnic groups. These differences in ethnicity are 
beginning to create problems in countries with 
growing ethnic minorities as the growth charts used 
for a specifi c population are not representative of 
these different groups (Cole  et al .,  2002 ). In most 
sporting environments growth is monitored usually 
by regular measurements of height and weight.  

  The  a dolescent  g rowth  s purt 

 During adolescence there is a sudden increase in the 
velocity of growth, which is called  ‘ the adolescent 
growth spurt ’ . During this time there is an increase 
in the growth rate that peaks and then gradually 
slows down until full maturity is reached. The ado-
lescent growth spurt is used in sport to identify the 
stage of maturation that has been reached by the 
athlete and whether they are early, normal or late 
developers as compared with others in the same age 
group. The onset of the adolescent growth spurt is 
highly individual and occurs at different chrono-
logical and skeletal ages. The adolescent growth 
spurt in girls occurs at approximately 9 – 10 years 
of age and can continue until 14 – 16 years of age; 
in boys it commences approximately 2 years later 
and does not fi nish until 18 years of age and in 
some cases even later (Malina  et al .,  2004a ). The 
adolescent growth spurt has been identifi ed as a 
particularly vulnerable stage in a young athlete ’ s 
development. There appears to be an increase in the 
rate of injury during this time including the risk of 
fracture. This is thought to be due to the rapid 
skeletal growth with a delay in bone mineralisation 
in the cortical bone (Blimkie  et al .,  1993 ). 

 The age of onset of puberty can occur between 
8 and 19 years (Baxter - Jones  et al .,  1995 ). The 
assessment of the biological status of young elite 
performers is becoming more critical as the demands 
for success grow. Chronological age is a poor indi-
cator of biological status (Mirwald  et al .,  2002 ) and 
it has been shown that physical performance can 
depend on the stage of biological maturity and 
development that has been reached (Katzmarzyk  et 
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training sessions, and many injuries are of a minor 
nature which may not be reported. 

 Generally, overuse injuries in children include 
tendon injury and traction apophysitis, stress frac-
tures, bursitis, and joint disorders. They arise due 
to highly repetitive activities. Children are vulner-
able as their apophyseal growth plates are active 
and even minor injuries to tendons or growth plates 
should lead to restriction in activity until the symp-
toms resolve. Many studies have described the 
important part that growth and development play 
in overuse injuries in youth athletes (Krivickas and 
Feinberg,  1996 ; Marsh and Daigneault,  1999 ; 
Oeppen and Jaramillo,  2003 ). All these studies 
acknowledge the fact that longitudinal growth of 
bone is the primary event and the surrounding soft 
tissue of joint tendons, ligaments, tendons and 
muscles elongate as a secondary response. In the 
short term, this results in an increased tension in 
the surrounding soft tissues which leads to relative 
infl exibility and muscle imbalance and consequently 
weakness. This leaves the athlete vulnerable to 
injury particularly during repetitive overload which 
occurs during regular training (Micheli and Klein 
 1991 ; Krivickas,  1997 ; Di Fiori,  1999 ; Oeppen and 
Jaramillo,  2003 ). Biomechanical imbalances are 
due to the speed of growth in the skeletal tissue 
compared with the period of time it takes for the 
surrounding soft tissues to adapt (Marsh and 
Daigneault,  1999 ; Hawkins and Metheny,  2001 ; 
Oeppen and Jaramillo,  2003 ). 

 Prevention strategies include improving fl exibil-
ity, strength and general fi tness in addition to 
matching children by size rather than chronological 
age, adherence to the rules, improved playing con-
ditions and the compulsory wearing of protective 
clothing implements such as shin pads (Schmidt -
 Olsen  et al .,  1985 ; Drawer and Fuller,  2002 ; Olsen 
 et al .,  2004 ). 

 In the immature athlete, muscle and tendon 
strains and ligament sprains are not as common as 
in fully mature athletes because the soft tissue tends 
to be stronger than the bone to which it is attached. 
The resulting injury therefore, is usually an avulsion 
of the muscle, ligament or tendon from its bony 
attachment (Bruns and Maffulli,  2000 ). Overuse 
injuries, in youth athletes are usually reported by 
the player when he or she is no longer able to train 
comfortably rather than when the symptoms are 
fi rst felt. All types of injury, if incorrectly treated, 
can have ramifi cations in the future with regards to 

critics would argue that maturity cannot be meas-
ured by anthropometrical data as body size in itself 
is not a maturity indicator (Malina  et al. ,  2004a ). 
Age of menarche is used for the maturity assess-
ment of girls as is the age at PHV for both girls and 
boys; but both these methods can only be used 
towards full maturity and not prior to the onset of 
puberty. PHV is limited due to the fact that serial 
data needs to be taken for at least 4 years (Roche 
 et al .,  1988 ) at least twice a year (Stratton  et al ., 
 2004 ), rendering accuracy and availability of the 
child over a length of time questionable. 

 Assessing secondary sexual characteristics is 
probably the most commonly used method in clini-
cal practice to evaluate maturity status. Criteria 
have been established for each change in sexual 
characteristics such as the development of pubic 
hair, breasts and genitalia, but this system is obvi-
ously limited to the pubertal stage of growth. 

 The only measure of biological maturity from 
birth to full maturity is the measurement of skeletal 
age. Skeletal age has been described as being the 
single best maturational index (Mirwald  et al ., 
 2002 ). Skeletal age can be assessed using a number 
of techniques ranging from plain X - rays to ultra-
sound, magnetic resonance imaging and dual energy 
X - ray absorptiometry (DXA). The hand/wrist is the 
most commonly used area for assessment of skeletal 
maturity for a number of reasons. There is minimal 
exposure to radiation, approximately 0.0017   mSv, 
which is the equivalent to approximately 1 hour of 
background radiation in a city centre such as in 
Manchester. The wrist/hand is easily positioned and 
there are a large number of bones in a small area 
that can be assessed.   

  Musculoskeletal  d isorders in  c hildren 

 Movement is an essential part of learning for the 
child. The most common musculoskeletal problems 
in children are due to trauma, and fractures of the 
upper limbs are more common than those of the 
lower limbs. Children engaged in sporting activities 
are susceptible to overuse injuries for a number of 
reasons. At a competitive level, children will be 
engaged in regular competitive training as well as 
weekly competition. Many of these injuries can be 
prevented by incorporating specifi c techniques into 
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racquet sports (Blohm  et al .,  1999 ). For both of 
these conditions, maintenance of joint range of 
motion (ROM), strength and proprioception should 
be emphasised, within limits of pain, for the patient. 
The preceding chapters on the knee and ankle 
should be reviewed for specifi c detail.  

  Scheuermann ’ s  d isease 

 Scheuermann ’ s disease is an osteochondrosis of the 
spine that mainly occurs in adolescents, usually 
boys, in their last 2 – 3 years of growth. It is a dis-
turbance in the normal growth of the vertebral 
epiphyseal ring (Williams,  1979 ). If the compressive 
forces in the spine are suffi cient it may cause a 
wedge deformity in the vertebral body causing a 
kyphosis of the thoracic spine and an associated 
increase in lumbar lordosis. Small disc herniations 
in the vertebral end plate called Schmorl ’ s nodes are 
sometimes identifi ed on X - ray. The condition often 
remains asymptomatic but can become painful after 
activity. Treatment would usually consist of mod-
eration of activities to minimise repetitive fl exion 
and extension movements of the spine but with an 
active exercise programme. See Chapters 5 and6, 
which discuss exercise in the thoracic and lumbar 
spine areas, for specifi c details of appropriate 
exercise.  

  Spondylolysis and  s pondylolisthesis 

 The conditions of spondylolysis and spondylolisthe-
sis are commonly found in adolescent athletes 
(Standaert  et al .,  2000 ; Gregory  et al. ,  2004 ; 
Iwamoto  et al .,  2004 ). Both conditions are described 
as stress fractures of the pars interarticularis of the 
lumbar spine. Spondylolysis is when there is a 
fracture on only one side of the spine; spondy-
lolisthesis is when the stress fractures are bilateral 
(Standaert  et al .,  2000 ; Gregory  et al .,  2004 ; 
Iwamoto  et al .,  2004 ). The most common cause of 
spondylolysis in the immature athlete seems to be 
repetitive loading of the lumbar spine which creates 
a stress reaction (Gregory  et al .,  2004 ). It can be 
both symptomatic and asymptomatic, which is only 
established on routine radiographs (Standaert  et al ., 
 2000 ). The treatment is more commonly conserva-
tive, with spontaneous healing occurring in 87.5% 
of all cases of spondylolysis. (Iwamoto  et al .,  2004 ). 
Spondylolisthesis is more complex because with a 
bilateral fracture there may be some spinal instabil-

the players ’  balance and proprioception abilities 
being affected (Emery,  2003 ). 

  Specifi c  m usculoskeletal 
 d isorders in  c hildren 

 The conditions described below are specifi c to chil-
dren although management of these conditions 
should involve application of the same exercise 
principles described for each joint in the appropri-
ate preceding chapters. 

  Traction  a pophysitis  c onditions 

 Osgood – Schlatter ’ s syndrome is a traction apo-
physitis of the tibial tubercle due to repeated stress 
on the secondary ossifi cation centre of the tibial 
tuberosity. This condition presents in growing chil-
dren usually between 8 and 12 years in girls and 
between 12 and 15 years in boys. The symptoms 
include pain, swelling and tenderness over the tibial 
tuberosity. On X - ray, changes seen include irregu-
larity of the apophysis with separation from the 
tibial tuberosity in the early stages and fragmenta-
tion in the later stages (Gholve  et al .,  2007 ). The 
tibial tubercle is the site of insertion of the quadri-
ceps tendon and activities involving strong contrac-
tions of the quadriceps, e.g. football, running and 
basketball are associated with this injury. In adoles-
cents this area is a growth plate and repeated vigor-
ous activity causes traction on the growth plate, 
which leads to the infl ammation and pain. As the 
tubercle is pulled forward by the quadriceps, con-
tracting bone forms behind and the tubercle can 
become very prominent. This may in turn lead to 
pain when kneeling. The condition settles once the 
growth plate fuses to the tibia. Treatment is aimed 
at reducing the pain and swelling. Ice packs will 
provide pain relief, and non - steroidal anti -
 infl ammatories may be recommended. A knee brace 
may help to reduce strain on the tibial tubercle. 
Generally symptoms disappear after the growth 
spurt is complete and only in rare cases is there a 
need for surgical management such tibial tuber-
cleplasty (Weiss  et al .,  2007 ). 

 Sever ’ s disease affects the calcaneal attachment of 
the gastrocnemius/soleus musculature (Kaeding and 
Whitehead,  1998 ). Other traction apophysitis 
include the elbow region which may be seen in 
baseball players or more rarely in those playing 
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and rotation. The child may require crutches for 
mobilisation. Casts may be used to maintain the hip 
in a good position (abduction). Surgical treatment 
realigns the head of the femur within the acetabu-
lum and the alignment is maintained with screws 
and plates. The child is kept in a plaster cast for 
6 – 8 weeks post operatively. 

 In both these conditions, when surgery is 
required, the general principles of exercise therapy 
in management of hip pathologies should be applied 
in post - operative rehabilitation. The reader is 
referred to Chapter  10  for details.  

  Scoliosis 

 Scoliosis is a curvature of the spine in the lateral 
plane accompanied by rotation. The muscles on the 
side of the convexity are at a mechanical disadvan-
tage. Scoliosis can be idiopathic or as the result of 
a neuromuscular condition such as Duchenne ’ s 
muscular dystrophy, spina bifi da or cerebral palsy. 
Treatment aims at reducing or halting the progres-
sion of the deformity by splinting or surgery. In 
terms of exercise the focus should be on maintain-
ing mobility in the spine and overall musculoskel-
etal system and a level of fi tness. Swimming is 
recommended to maintain fi tness, muscle strength 
and respiratory function. Prescription of exercise 
should refer to the principles discussed in Chapters 
 4  –  6 , which discuss the spine.    

  General  c onsiderations in the  e xercise 
 m anagement of  c hildren 

 The ability to physically perform at any stage is 
refl ected in a child ’ s progress in growth, maturity 
and development. A potential exists in all children 
that follow normal developmental pathways, to 
learn basic performance skills and movement pat-
terns, which become refi ned with practice and rep-
etition to form a basic movement framework used 
in any sport. 

 The peak bone mass that develops during child-
hood is an important risk factor in osteoporosis. In 
children who are physically active higher bone mass 
is seen (Slemendra  et al .,  1991 ). Therefore it is 
important that clinicians encourage and promote 
health - enhancing physical activity from an early 

ity and spinal fusion surgery is not uncommon 
(Iwamoto  et al .,  2004 ). Soler and Calder ó n  (2000)  
state that spondylolysis is as common in adolescent 
athletes as a  ‘ lumbar sprain ’  and that it is said to 
be 3 – 4 times more common in athletes than in the 
general adolescent population. Low back sprains 
and strains are said to be very common in athletes 
(Keene,  1983 ). Rehabilitation would include a sta-
bility programme discussed in Chapter  6  on the 
lumbar spine. 

 Stress fractures can be commonly experienced in 
other areas in the adolescent athlete including the 
foot, tibia and fi bula (Oeppen and Jaramillo,  2003 ), 
and less commonly  –  but not unusual  –  in the tarsal 
bones and clavicle.  

  Slipped  u pper  f emoral  e piphysis 

 A slipped upper femoral epiphysis (SUFE) is where 
the growth plate at the upper end of the femur is 
weakened and the head of the femur moves down-
wards and backwards, thus affecting the move-
ments at the hip joint. The exact cause is unknown 
and early diagnosis is important. The child com-
plains of pain in the groin, hip, thigh or knee and 
has limited movement in the hip joint. The child 
may walk with a limp and there may be slight 
shortening of the affected leg. Treatment depends 
on the severity and is guided by X - rays and scans. 
Surgery may be required to stabilise the hip. Metal 
screws are inserted into the head of the femur and 
removed once the growth plate has closed. Post 
operatively the child will be non - weight - bearing for 
about 6 weeks.  

  Perthes ’   d isease 

 Perthes ’  disease is a condition characterised by a 
loss (temporary) of blood supply to the hip. The 
area around the head of the femur becomes 
infl amed. It is usually seen in children between 4 
and 10 years of age and is fi ve times more common 
in boys. Symptoms generally commence with a limp 
and pain, which may be intermittent over a few 
months. Pain is brought on by movements of the 
hip and relieved by rest. Diagnosis is confi rmed 
with X - rays. Treatment may be conservative or sur-
gical. Anti - infl ammatory medication is used to 
reduce the infl ammation around the joint. Stretching 
exercises are prescribed to increase range of move-
ment and the particular focus is on hip abduction 
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age. As clinicians are involved in the ongoing man-
agement of children with disorders affecting mobil-
ity it is essential that weight - bearing activities are 
encouraged to optimise bone mass. In children with 
specifi c paediatric conditions, exercise management 
may need to be modifi ed to meet particular require-
ments associated with their overall management. In 
children with cystic fi brosis, exercise will improve 
mucociliary clearance, strengthen respiratory 
muscles and improve bone density, whereas for chil-
dren with muscular dystrophy the aim may be to 
increase muscle strength and endurance and thereby 
prolong the time the child is ambulant. In those 
with spina bifi da the primary aim will be upper 
limb strength and control of body mass and max-
imising aerobic power. Specifi c exercise programmes 
may need to be devised taking into account the 
limitations associated with movement in the child 
with neuromuscular disorders.  
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  14 Musculoskeletal Disorders in the 
Cardiac and Respiratory Patient  

  Juliette     Hussey       

   Introduction 

 The aim of this chapter is to highlight the range of 
musculoskeletal disorders associated with respira-
tory and cardiac disease, so the musculoskeletal 
abnormalities associated with conditions such as 
chronic obstructive pulmonary disease (COPD), 
asthma, cystic fi brosis and heart failure will be con-
sidered. In addition, the musculoskeletal changes 
that the patient may experience after cardiac or 
thoracic surgery will be presented. The evidence for 
the management of these conditions with exercise 
therapy will be discussed. Comprehensive details of 
both cardiac and pulmonary rehabilitation may be 
found in a previous publication by the authors 
(Gormley and Hussey,  2005 ) and will not be dis-
cussed in detail in this chapter. 

 COPD is characterised by airfl ow limitation. It is 
progressive and is associated with cough, sputum 
production and shortness of breath (Global Strategy 
for the Diagnosis, Management and Prevention of 
COPD, Global Initiative for Chronic Obstructive 
Lung Disease (GOLD),  2007 ) and diagnosis is con-
fi rmed by spirometry. Exercise capacity is gradually 
decreased in these patients due the associated dys-
pnoea. One of the goals of pulmonary rehabilita-
tion is to address this limitation. Asthma is an 

infl ammatory disorder of the airways with airway 
obstruction that is reversible either spontaneously 
or with treatment (British Thoracic Society (BTS), 
 2001 ). Symptoms include wheeze, shortness of 
breath and cough. The symptoms may be provoked 
by a number of triggers including exercise. The 
paradoxical relationship with exercise is that exer-
cise induces broncho - constriction in many asth-
matic people, but exercise is recommended as part 
of the overall management of the condition. Cystic 
fi brosis is a disorder of the exocrine glands and is 
characterised by excessive mucus secretion. Exercise 
is recognised as an important part of the manage-
ment of this condition due to its benefi cial effects 
on mucociliary clearance, lung function, aerobic 
capacity and bone health.  

  Musculoskeletal  d isorders in 
 r espiratory  d isease 

  Limitations in  p hysical  f unctioning in 
 p atient with  r espiratory  d isease 

 Patients with respiratory disease face a number of 
musculoskeletal problems. These include: postural 
abnormalities, muscle wasting and dysfunction, 
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both in patients with mild and severe disease (BTS, 
 2001 ). Pulmonary rehabilitation includes practical 
exercise classes and education of exercise training, 
secretion clearance techniques, nutritional support, 
smoking cessation and advice on breathing control. 
Musculoskeletal assessment in these patients should 
include observation of posture, measurements of 
joint range of motion, muscle activity and strength. 
It should also include documentation of any pain 
on rest or movement. Questioning about the use of 
long - term steroids is required in patients with 
chronic respiratory disease, as this treatment may 
lead to reduced bone density. Chapters  5  and  7  –  9 , 
which discuss exercise in the management of the 
thoracic spine and upper limb conditions, should 
be consulted for practical examples of appropriate 
exercises.  

  Range of  m ovement and 
 r espiratory  d isease 

 The range of movement in the spine and shoulder 
girdle needs to be evaluated prior to specifi c exercise 
prescription in the patient with respiratory disease. 
Posture in sitting needs to be examined; typical 
abnormalities in patients with cystic fi brosis include 
forward head posture, tight suboccipital and cervi-
cal extensors, scapulae the abducted and protracted, 
an increase thoracic kyphosis and a reduced lumbar 
lordosis. The range of movement in the thoracic 
region is dependent on the movement at the apophy-
seal, costovertebral, costotransverse joints and ribs, 
and the length of the intercostals, pectoralis and 
latissimus dorsi. A thoracic kyphosis may be the 
result of limited range in the upper thoracic spine. 
Thoracic rotation and lateral fl exion occur in the 
mid - thoracic spine and any restriction here or short-
ening of the latissimus dorsi or teres major will limit 
the range of shoulder elevation. The range of rota-
tion in the glenohumeral joint may also be affected 
by the tightness in the anterior and posterior shoul-
der capsule and related muscles. Shoulder move-
ments and scapulohumeral rhythm need to be 
observed.  

  Muscle  f unction and 
 r espiratory  d isease 

 Both peripheral muscle strength and respiratory 
muscle strength are affected in patients with respi-

osteoporosis, and reduced range of movement in 
the thoracic cage due to airfl ow limitation and 
hyperinfl ation. These changes are probably due to 
a number of factors in addition to the disease 
process and these include: physical inactivity, mal-
nutrition, systemic infl ammation, corticosteroid 
treatment and hypoxaemia. 

 Exercise tolerance is limited in patients with 
COPD due to hyperinfl ation and respiratory muscle 
fatigue (Roussos  et al .,  1976 ). Maximal inspiratory 
pressure has been found to be a predictor of exer-
cise capacity (Dillard  et al .,  1989 ) and in patients 
with COPD maximal inspiratory and expiratory 
pressures have been found to be 50% and 39% of 
predicted (Montes de Oca  et al .,  1996 ). In these 
patients the diaphragm may be already carrying an 
extra load at rest and therefore the accessory 
muscles of respiration are required early (Montes 
de Oca  et al .,  1996 ). Lung hyperinfl ation reduces 
the strength of the respiratory muscles and is one 
of the pathophysiological mechanisms of dyspnoea 
in these patients. 

 In patients with respiratory disease physical 
deconditioning occurs due to disease progression. 
The result of dyspnoea associated with many respi-
ratory diseases is such that the patient restricts their 
activity in order to avoid becoming breathless and 
this adds to the rapid deconditioning, low confi -
dence and further reduced functioning. Exercise 
training encourages the patient with respiratory 
disease to acknowledge that breathlessness can be 
controlled through breathing techniques and thus 
helps to break the vicious cycle of increasing dysp-
noea with time and progression of lung disease. 

 Comprehensive pulmonary rehabilitation pro-
grammes aim to restore the patient to the highest 
degree of physical functioning by means of exercise 
therapy and education. The American Thoracic 
Society and European Respiratory Society have 
adopted the following defi nition of pulmonary 
rehabilitation in a position paper in 2006: 
 ‘ Pulmonary rehabilitation is an evidence - based, 
multidisciplinary, and comprehensive intervention 
for patients with chronic respiratory diseases who 
are symptomatic and often have decreased daily life 
activities ’ . Integrated into the individualized treat-
ment of the patient, pulmonary rehabilitation is 
designed to reduce symptoms, optimise functional 
status, increase participation, and reduce health 
care costs through stabilising or reversing systemic 
manifestations of the disease. The benefi ts of pul-
monary rehabilitation have been demonstrated 
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tory pressure, higher systemic interleukin - 6 levels 
and higher C - reactive protein levels than those who 
had normal lung function measures. Higher systemic 
levels of interleukin - 6 were found to be associated 
with reduced forced expiratory volume in 1 second 
(FEV 1 ), quadriceps strength and exercise capacity. 

 Reduced levels of growth hormone and testoster-
one may contribute to muscle wasting. Van Vliet 
 et al .  (2005)  compared circulating levels of hor-
mones of the pituitary - gonadotrophic axis of men 
with COPD and age matched controls. The rela-
tionship between muscle force, exercise tolerance, 
infl ammatory markers and hypogonadism was also 
explored. The hormonal differences were signifi -
cantly higher for follicle - stimulating hormone and 
luteinising hormone, and lower testosterone in sub-
jects with COPD. Low testosterone was signifi -
cantly related to quadriceps weakness (r    =    0.48) 
and C - reactive protein (r    −    0.39) but not to exercise 
tolerance as measured by the 6 - minute walk test. 

 Many patients with chronic respiratory disease 
will have a combination of these factors, all 
of which contribute to the decrease in muscle 
strength and have to be considered in exercise 
management.  

  Bone  h ealth and  r espiratory  d isease 

 Patients with obstructive lung disease have many 
risk factors that can predispose them to low bone 
density. In those with severe disease, the risk of 
osteoporosis increases as patients become more 
immobile, malnourished and more dependent on 
drug therapy. Sin  et al .  (2003)  analysed data from 
the Third National Health and Nutrition 
Examination Survey and found that airfl ow obstruc-
tion was associated with increased odds of oste-
oporosis compared with those without airfl ow 
obstruction (odds ratio (OR) 1.9; 95% CI 1.4 to 
2.5). Those with severe airfl ow obstruction were at 
an increased risk (OR 2.4; 95% CI 1.3 to 4.4). The 
authors concluded by highlighting the need for 
bone mineral density (BMD) evaluation in these 
patients to inform related management. Treatment 
of emphysema by lung volume reduction surgery 
has been found to result in an improvement in 
BMD (Mineo  et al .,  2005 ). The increase in BMD 
correlated with residual volume, diffusing capacity 
of the lung for carbon monoxide and fat - free mass, 
suggesting that the improvement was related to 
improved respiration and nutritional status. 

ratory disorders. Respiratory muscle function may 
be affected by a number of factors including 
hypoxia, hypercapnia, acidaemia and malnutrition 
(Tobin,  1988 ). The combination of steroids, 
decreased exercise tolerance and chronic infl amma-
tion may lead to respiratory muscle weakness. 
Function may also be affected by biomechanical 
changes associated with hyperinfl ation of the lungs, 
which leads to fl attening of the diaphragm so it is 
at a disadvantageous position in terms of the length 
tension curve. 

 In addition to the respiratory muscles, the periph-
eral muscles are also affected with generally a 
greater decrease in the strength of the lower limb 
muscles (a decrease of 20 – 30% in quadriceps 
strength has been reported) and relative preserva-
tion of upper limb strength (Decramer  et al .,  1994 ; 
Gosselink  et al .,  1996 ). Within the upper limbs, 
proximal muscle strength has been found to be 
more impaired than distal strength in patients with 
stable COPD (Gosselink  et al .,  2000 ). Structural 
and biochemical abnormalities have been found 
along with a reduction in the percentage of type 1 
muscle fi bres. Metabolic abnormalities are proba-
bly due to hypoxaemia and inactivity. Lactic acido-
sis occurs at lower work rates in COPD patients 
when compared with controls and this is associated 
with impaired exercise tolerance. 

 Muscle function in patients with respiratory 
disease may also be limited by disuse, malnutrition, 
infl ammatory markers, low levels of sex hormones, 
or prolonged use of systemic corticosteroids. 
Malnutrition may contribute to the muscle wasting 
and the patient with COPD may experience weight 
loss and an associated decrease in fat - free mass. 
Nutritional supplementation for 3 months was 
found to have a positive effect on maximal skeletal 
muscle strength (respiratory muscles and handgrip) 
in addition to body weight, mid - arm circumference 
and triceps skinfold thickness (Efthimiou  et al ., 
 1988 ) in patients with COPD who received sup-
plemental oral nutrition compared with controls. 
Respiratory muscle strength and hand grip strength 
improved alongside nutritional status. 

 Many respiratory conditions are associated with 
systemic infl ammation (Gan  et al. ,  2004 ). Yende 
 et al .  (2006)  examined the association between 
infl ammatory markers and ventilatory limitation, 
muscle strength and exercise capacity in elderly 
patients, both with and without obstructive lung 
disease. Those with obstructive lung disease had 
lower quadriceps strength, lower maximum inspira-
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perform extension and rotation with assistance if 
required to gain an increase in range. Home exer-
cises need to be explained and the use of a mirror 
may help provide visual feedback to the patient. 

 Typical exercises to increase range of movement 
in the cervical and thoracic spine and shoulder joint 
include active - assisted rotation for the cervical and 
thoracic spine with the patient sitting on a chair, 
active thoracic spine lateral fl exion with the patient 
in standing, and passive stretch of the anterior 
shoulder muscles. Figures  14.1 – 14.4  show exam-
ples of exercises that are performed in pulmonary 
rehabilitation and which benefi t the musculoskele-
tal system. Exercises to maintain range of move-
ment, in particular, in the shoulder and thoracic 
regions are included as part of the warm - up and 
exercise session. Examples of these are shoulder 
circles in each direction, trunk rotation and fl exion 
and push - ups with hands against the wall at shoul-
der height.   

 Muscle strengthening as part of rehabilitation for 
patients with COPD is recommended. In addition 
to lower limb exercises, upper extremity training is 
also recommended to help performance in daily 
activities. Subjects with reduced exercise capacity 
who experience less ventilatory limitation to exer-
cise and more reduced respiratory and peripheral 
muscle strength have been found to be more likely 
to respond well to exercise training (Troosters  et 
al .,  2001 ). At this stage there is insuffi cient evidence 
to advocate high - intensity exercise and there is a 

 Oral glucocorticoids are frequently used in 
asthma. Inhaled glucocorticosteroids are used in 
asthma to reduce symptoms and theoretically 
should have low systemic effects but even in those 
on low - dose inhaled corticosteroids, BMD has been 
found to be lower than controls (El  et al .,  2005 ). 
In this latter study on 45 female subjects, no cor-
relation was found between disease duration, 
inhaled steroid treatment duration, cumulative 
inhaled dose and BMD measurements. 

 In subjects with cystic fi brosis, osteopenia and 
osteoporosis are seen and may be related to factors 
such as malnutrition and chronic use of corticoster-
oids (Hardin  et al .,  2001 ). Total body bone mineral 
content in children with cystic fi brosis has been 
found to be signifi cantly less than in age -  and 
gender - matched controls (Hardin  et al .,  2001 ). In 
children with non - cystic fi brosis bronchiectasis, 
osteopenia has been found to be more common 
compared with controls (Guran  et al .,  2008 ). The 
risk increased with age but BMD was not related 
to the severity of lung disease, calcium intake or 
steroid use.   

  Exercise  m anagement of  p atients with 
 r espiratory  d isease 

 The exercise component of the pulmonary rehabili-
tation programme generally comprises aerobic, 
strength and fl exibility exercises. Either continuous 
or interval aerobic training in the form of walking 
or cycling is a key component and is carried into 
the home programme. Extremity conditioning exer-
cises are used to improve maximum oxygen uptake, 
strength, endurance and co - ordination (Ries,  1994 ; 
Siebens  1996 ). The type of exercise indicated is of 
low resistance and high repetition which can be 
tolerated by the patient. 

 Patients are assessed prior to commencing reha-
bilitation and an individual training programme is 
devised. Patients may need postural correction with 
the goal of obtaining a position so that the spine, 
pelvis and shoulder girdle are in a neutral position 
to permit optimal muscle function. The manage-
ment of joint restriction includes the use of passive 
mobilisations followed by exercises. Upper limb 
fl exion and spinal extension may be performed with 
breathing exercises. In sitting the patient can 

     Figure 14.1     Patient performing step - ups.  
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(Enright  et al .,  2004 ) and healthy subjects, at 80% 
of maximal effort (Enright  et al .,  2006 ). A Cochrane 
systematic review by Ram  et al .  (2008)  identifi ed 
fi ve randomised controlled trials in which respira-
tory muscle training was investigated. The pooled 
results showed a signifi cant effect of inspiratory 
muscle training.  

  Cardiac  d isease and 
 m usculoskeletal  d ysfunction 

  Limitations in  p hysical  f unctioning 
in  p atients  a fter  c ardiac  s urgery and 
in those with  c ardiac  d isease 

 The causes of musculoskeletal problems post 
cardiac surgery may be the result of sternal retrac-
tion, positioning of the patient during the surgery 
(which lasts a number of hours), cannulation of the 
internal jugular vein and the relative devascularisa-
tion of the sternum due to harvesting of the internal 
mammary artery (El - Ansary  et al .,  2000 ). Retracting 
the sternum involves the eversion of the upper ribs 
and this may be one explanation for pain in the 
anterior chest wall and thoracic joint dysfunction. 
The results of the alterations in the chest wall can 
be seen for at least 3 months post operatively, with 

need for studies to investigate the results of varying 
intensities of exercise. Low - intensity peripheral 
muscle conditioning, in the form of 10 different 
exercises, each performed for 30 seconds, has been 
shown to be well tolerated and led to improved 
muscle performance in patients with COPD (Clark 
 et al .,  1996 ). 

 The effects of inspiratory muscle training have 
been extensively studied with varying results. 
However, an 8 - week programme of high - intensity 
inspiratory muscle training resulted in a signifi cant 
increase in inspiratory muscle function, increased 
thickness of the diaphragm, improved lung volumes 
and work capacity in subjects with cystic fi brosis 

     Figure 14.2     Patient using hand weights.  

     Figure 14.3     Shoulder exercises using hand weights.  

     Figure 14.4     Patient exercising upper and lower limbs.  
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culoskeletal problems, cerebrovascular disease and 
respiratory disease, and such may infl uence func-
tion and activity (Lien  et al .,  2002 ). The presence 
of osteoarthritis needs to be taken into account 
when rehabilitating these patients as heart failure 
may be exacerbated by the use of over - the - counter 
non - steroidal anti - infl ammatory drugs (Page and 
Henry,  2000 ; Van der Wel  et al .,  2007 ). 

 Heart failure is associated with changes in muscle 
mass, cellular structure, energy metabolism and 
blood fl ow. These are associated with decreased 
exercise capacity and are improved with exercise 
training (Warburton  et al .,  2007 ).   

  Exercise  m anagement of 
 m usculoskeletal  c onditions in 
 p atients with  c ardiac  d isease 

 Cardiac rehabilitation has been defi ned as  ‘ the sum 
of activity required to ensure cardiac patients the 
best possible physical, mental and social conditions 
so that they may by their own efforts regain as 
normal as possible a place in the community and 
lead a normal life ’  (WHO,  1993 ). Exercise is a 
major component of all phases of cardiac rehabili-
tation. It commences with walking in phase 1 and 
2 and is increased to circuits in phase 3 in outpa-
tient, exercise - based cardiac rehabilitation gener-
ally for 8 – 12 weeks. Patients are then expected to 
continue incorporating exercise into daily life 
(phase 4). The exercise components are aerobic -
 type activities and resistance training is generally 
reserved for low -  to moderate - risk cardiac patients. 
Patients with cardiac disease may have other co -
 morbidities that may affect their ability to 
exercise. 

 In patients early post cardiac surgery, exercises 
need to be performed to prevent the risk of the 
patient developing a frozen shoulder (Tucker  et al ., 
 1996 ). The scapula can be moved with the patient 
in side lying and active upper limb exercises encour-
aged. While Stiller  et al .  (1997)  found that routine 
range of movement exercises did not lead to a 
change in the incidence of musculoskeletal prob-
lems at 8 – 10 weeks post operatively, upper limb 
and trunk exercises are advised to help anterior 
chest wall discomfort (El - Ansary  et al. ,  2000 ) and 
stretching exercises when the sternum is stable. 

pulmonary function demonstrating a restrictive 
pattern (Kristjansdottir  et al .,  2004 ). After cardiac 
surgery involving a median sternotomy there may 
be limitation of movement in the shoulder girdle 
and upper back as well as pain over wound sites 
(LaPier and Schenk,  2002 ). The pain may be due 
to direct surgical trauma, and swollen and infl amed 
areas may lead to mid or lower cervical root irrita-
tion causing referred pain to the scapula or upper 
limb. Posture may also be affected and a fl exed 
posture with forward head position may lead to 
shortening of some muscles and lengthening of 
others. 

 In post - thoracotomy or  - sternotomy patients, 
passive movements of the shoulder joint may be 
limited as the patient may hold the upper limb 
immobile due to fear of pain. In the weeks follow-
ing surgery the patient may be limited in forward 
bending or backward extension due to approxima-
tion of the incisional area or stretching of the area. 
Exercises prescribed need to considered in light of 
overall activity recommendations for patients and 
gradually increased. Despite current management 
aimed at regaining range of movement in the imme-
diate post - operative period, a number of patients 
(approximately 30%) will develop musculoskeletal 
complications that affect comfort and/or function 
after cardiac surgery (Stiller  et al .,  1997 ). 
Complications after harvesting the radial artery are 
rare other than persistent cutaneous paraesthesia in 
a small percentage of patients (Budillon  et al ., 
 2003 ). In patients on long - term ventilation, restric-
tions in joint range may occur, and where possible, 
passive or assisted movements of the upper and 
lower limbs should be performed. 

 Cardiac rehabilitation is part of the overall man-
agement of patients post surgery and/or stenting, 
and in more recent years is prescribed for those 
with heart failure. In patients with heart failure 
there appear to be peripheral muscle changes with 
exercise training. Muscle mass and endurance are 
decreased in patients with heart failure, and on 
biopsy a decrease in type 1 fi bres with an increase 
in type 11b fi bres is seen (Sullivan  et al .,  1988 ). 
Patients with heart failure have been found to have 
lower BMD than age - matched controls (Kenny 
 et al .,  2006 ) and therefore interventions to increase 
physical activity are important in their manage-
ment. Heart failure in elderly patients is often 
accompanied by other co - morbidities such as mus-
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    Guran ,  T.  ,   Turan ,  S.  ,   Karadag ,  B.  ,   Ersu ,  R.  ,   Karakoc ,  F.  , 
  Bereket ,  A.   and   Dagli ,  E.   ( 2008 )  Bone mineral density in 

 If a patient has osteoarthritis in any of the lower 
limb joints this will interfere with exercise perform-
ance. Therefore, the physiotherapist needs to 
address the limitations to movement including pain 
and may need to prescribe more non - weight - bear-
ing exercise so that the patient may experience the 
benefi ts associated with exercise rehabilitation. 
Weight loss may also help in symptoms of osteoar-
thritis and facilitate exercise uptake. 

 Patients with heart failure have also been found 
to benefi t from exercise rehabilitation and specifi -
cally muscle strengthening. A 12 - week quadriceps 
resistance training programme in New York Heart 
Association (NYHA) class III patients led to 
improvements in muscle strength (P    <    0.01), exer-
cise capacity (P    <    0.01), clinical status (P    <    0.01) 
and quality of life (P    <    0.05) (Jankowska  et al ., 
 2008 ). The training programme was performed 
three times per week and consisted of resistance 
exercises of several exercise circuits of 10 repeated 
quadriceps resistance exercises. The weight lifted 
commenced at 35% of maximal weight. Bartlo 
 (2007)  analysed data from a number of trials on 
aerobic and strength training in subjects with con-
gestive heart failure. Aerobic exercise was found to 
have a signifi cant benefi cial effect on dyspnoea, 
work capacity and ventricular function (P    <    0.01) 
and strength training increased muscle strength 
(P    <    0.05) and endurance (P    <    0.001) and left ven-
tricular function (P    <    0.01). 

 In conclusion, while the exercise management of 
patients with cardiac or pulmonary disease focuses 
on increasing aerobic capacity it is important for 
the physiotherapist to recognise the limitations to 
exercise and pain, and limitation of movement that 
may result from musculoskeletal concerns.  
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  15 Musculoskeletal Disorders in Obesity  

  Grace     O ’ Malley       

   Introduction 

 A positive relationship exists between musculoskel-
etal fi tness and general health status. Previous 
research has demonstrated impairments of the mus-
culoskeletal system in individuals who are over-
weight, and to date, it is unknown whether these 
impairments occur as a consequence of obesity or 
whether they independently impart an increased 
risk of weight gain. In the USA between 1988 and 
2004 the level of functional impairment associated 
with obesity increased and a greater burden of dis-
ability may be seen in the obese population of the 
future (Alley and Chang,  2007 ). In adults, osteoar-
thritis is the condition best documented to be associ-
ated with obesity; however recent research describes 
other musculoskeletal disorders. Common disor-
ders that may present to physiotherapists working 
with overweight and obese individuals include: dis-
orders of the lower limb such as foot pain; osteoar-
thritis of the knee (Felson  et al. ,  1988 ); recurrent 
ankle injury (Timm  et al. ,  2005 ); low back pain 
(Leboeuf - Yde  et al .,  2005 ) and slipped upper 
femoral epiphyses (Loder,  1996 ). Musculoskeletal 
disorders in the upper body of overweight individu-
als include: neck pain, headaches, rotator cuff ten-

donitis (Werner  et al. ,  2005 ), frozen shoulder, 
peripheral nerve entrapment (Descatha  et al. ,  2004 ) 
and diabetes - related disorders. 

 Pain and discomfort can act as barriers to physi-
cal activity, and physiotherapists and other health 
clinicians can help improve the health and func-
tional independence of obese individuals by reduc-
ing pain and discomfort. The positive relationship 
between musculoskeletal fi tness (MSF) and weight 
status is mediated by physical activity, as those indi-
viduals with high levels of physical activity are seen 
to have better musculoskeletal health (Huang and 
Malina,  2002 ). Physiotherapists have vast experi-
ence in the rehabilitation of individuals with mul-
tiple pathologies and are very often the key 
professionals to motivate change, improve attitude 
and build self - effi cacy. As such, when an individual 
who is obese presents to a therapist with muscu-
loskeletal complaints, efforts to improve the global 
health of the client should be made, and might 
furthermore, be considered not only ethical but also 
part of the duty of care. 

 In an effort to individualize the management of 
overweight and obesity, the physiotherapist must 
fi rst be able to assess the degree of overweight, 
second examine the general physical condition of 
the individual and third, in agreement with the 
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client ’ s body segments. As such, the manual han-
dling risk associated with certain tests should be 
considered.  

  Physical  e ffects  a ssociated with  o besity 

 Clinically, limitations of the physical system are 
easily observed in the overweight population and 
recently, research has begun to describe these. In 
addition, many overweight individuals will present 
with diabetes mellitus as a co - morbidity and this 
condition is independently associated with muscu-
loskeletal symptoms. 

  Impaired  j oint  r ange of 
 m ovement and  fl  exibility 

 Bony structure determines the primary degree of 
joint freedom of movement and is infl uenced by the 
extensibility of soft tissue structures. Range of 
movement parameters are commonly used in clini-
cal practice and have been utilised as indicators and 
predictors of physical function (Koman  et al. , 
 2000 ). Overweight and obese individuals may 
present with a reduction in joint range of motion 
(ROM). This may be due to increased subcutaneous 
adipose tissue blocking joint excursion, localised 
oedema, abnormal bony torsion or decreased 
muscle length. Regardless of the underlying cause, 
it can be assumed that limited joint ROM may lead 
to subsequent reductions in fl exibility and subopti-
mal postural alignment. Reduced muscle fl exibility 
is commonly associated with musculoskeletal con-
ditions (Hertling and Kessler,  1996 ) and may 
predict the presence of musculoskeletal symptoms 
in adulthood (Mikkelsson  et al. ,  2006 ). Research 
suggests that those who are physically active have 
better muscle fl exibility than those who are not 
(Huang and Malina,  2002 ). 

 Increased body weight has been shown to be 
inversely associated with lower limb range of 
motion and impaired hip ROM is described as a 
risk factor in recurrent non - specifi c low back pain 
(LBP) (Jones  et al .,  2005 ). In a cyclical process, it 
is hypothesised that poor hip mobility increases 
spinal strain leading to LBP which, in turn can lead 
to reduced levels of physical activity, thus possibly 
increasing the BMI and subsequently increasing the 
strain on spinal structures. 

patient, defi ne goal - oriented methods of improving 
the functional independence and quality of life of 
the client.  

  Musculoskeletal  a ssessment 

 In assessing the general health of an overweight 
client, the physiotherapist should complete a global 
examination of musculoskeletal fi tness. This exami-
nation should include measures for joint range of 
movement and muscle fl exibility, muscle strength 
and endurance, standing balance, pain, posture and 
gait. Collecting accurate measures for joint range 
of movement can be a challenge due to the diffi culty 
in identifying bony landmarks and as such, the use 
of functional measures may be more appropriate. 

 In addition to assessment of the musculoskeletal 
system, the physiotherapist should detail the client ’ s 
medical history, the level of overweight with which 
the client presents and the level of both physical 
activity and sedentary pursuits in which the patient 
engages. Body composition can be assessed by 
measuring height, weight, waist circumference and 
by calculating the body mass index (BMI; weight 
(cm)/ height (kg) 2 ). Subjective measures of physical 
activity such as the Baeke Questionnaire, the 
International Physical Activity Questionnaire or a 
7 - day activity recall can be useful in clinical prac-
tice. Similarly, time spent in sedentary activity can 
be calculated by summing the number of hours 
spent using a computer, playing video games and 
watching television. 

 Furthermore, assessing cardio - respiratory fi tness 
is useful to gain a greater understanding of the 
general fi tness of the patient and can provide a reli-
able client - specifi c outcome measure. In many cases 
medical clearance may be required prior to testing 
cardio - respiratory fi tness, however, measures such 
as a 10 - m walk test, the 6 - minute walk test or a 
shuttle test can used in appropriate clients. 
Regardless of the age of the client, a holistic assess-
ment will enhance the therapist ’ s understanding of 
the impairments associated with the client ’ s health 
status, which will in turn, guide him/her on how 
best to reduce limitations to activity and enhance 
participation. 

 During a musculoskeletal examination, the ther-
apist should be aware that palpation and provoca-
tive testing can be diffi cult to complete due to 
excess subcutaneous tissue and the inertia of the 
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age (Colledge  et al. ,  1994 ), physical activity level 
(Hahn  et al. ,  1999 ), previous lower limb injury 
(Emery  et al. ,  2005 ) and height and weight 
(Odenrick and Sandstedt,  1984 ). Balance may be 
reduced in overweight clients due to muscle weak-
ness, limited range of movement and low levels of 
physical activity. Research has shown that increased 
body weight is correlated with an anterior displace-
ment of the centre of mass, which places obese 
individuals closer to their boundaries of stability 
and at greater risk of falling when exposed to daily 
postural stress (Hue  et al. ,  2007 ). Weight loss in the 
obese cohort has proven to incur signifi cant 
improvements in balance capabilities (Teasdale 
 et al .,  2007 ). 

 Furthermore, limited joint range infl uences stand-
ing balance (Lowes  et al .,  2004 ). Reduced knee and 
ankle range of movement can increase postural 
sway (Potter  et al .,  1990 ) and also impede the 
implementation of the ankle strategy for postural 
adjustment (Mecagni  et al. ,  2000 ). Reductions in 
joint range of movement can also affect standing 
balance through the alteration of muscle length/
tension curves, leading to ineffi cient gait and stance 
(Damiano  et al. ,  2001 ). 

 Appropriate measures of balance should be 
chosen depending on the patient ’ s age and general 
physical condition. Standardised tests such as the 
Berg balance scale, the timed up and go and timed 
single leg stance tests are useful; however, at all 
times the clinician should use the tests with caution, 
particularly if the client is morbidly obese or has a 
signifi cant fear of falling.  

  Reduced  m uscle and  b one  s trength 

 Muscle strength is an integral part of physical 
fi tness and relates to the ability of a muscle to gen-
erate force at a given speed. Inadequate muscular 
strength can predispose individuals to an increased 
risk of musculoskeletal fatigue and injury (Riddiford -
 Harland  et al. ,  2006 ). Impaired muscle strength is 
commonly due to advanced ageing, systemic illness, 
degenerative disease, injury and obesity (Miyatake 
 et al. ,  2000 ). A positive relationship exists between 
muscle strength and physical activity (Neder  et al ., 
 1999 ) and a negative relationship has been observed 
between strength and obesity (Riddiford - Harland 
 et al .,  2006 ). 

 It is thought that in overweight individuals, the 
dampening and decelerating capability of lower 

 Reduced ankle dorsifl exion ROM and the result-
ant equinus gait pattern has been observed to cause 
abnormal pronation of the subtalar joint, which 
may increase stress on the plantar fascia (Hill, 
 1995 ). Furthermore, both obesity and excessive 
subtalar pronation have been highlighted as risk 
factors for the development of chronic plantar heel 
pain and repetitive strain injuries (Irving  et al. , 
 2007 ). 

 Tight quadriceps and hamstrings may increase 
compression of the patellofemoral joint, causing 
pain (Hertling and Kessler,  1996 ), and reduced 
hamstring and quadriceps length has been described 
in obese persons. Impaired hamstring length can 
affect pelvic tilt, drawing the pelvis posteriorly 
(J ó zwiak  et al .,  1997 ). Thus, hamstring tightness 
may affect posture, gait and low back discomfort, 
and evidence suggests that impaired hamstring fl ex-
ibility is a risk factor for LBP in both adults (Esola 
 et al .,  1996 ) and adolescents (Salminen  et al .,  1992 ; 
Sjolie,  2004 ).  

  Oedema 

 Many obese clients have underlying conditions that 
may induce joint and soft - tissue swelling. The ther-
apist should be aware of conditions such as lym-
phoedema and lipidaemia (a disorder of abnormal 
fat deposition) to ensure appropriate management 
for affected patients. Lymph drainage requires 
intermittent changes in local pressure from exercise 
and movement and as such, sedentary overweight 
individuals may develop dermatological symptoms 
(Garcia,  2002 ). Lymphoedema results from accu-
mulation of protein - rich lymph in tissues and is 
caused by inadequate lymph drainage. Conservative 
management is initially recommended, such as lym-
phatic massage therapy, limb mobility exercises, use 
of compression garments and limb elevation 
(Weston and Clay,  2007 ). The clinician should bear 
in mind that local tissue swelling post injury may 
be diffi cult to appreciate secondary to the large bulk 
of adipose tissue surrounding the joints.  

  Impaired  b alance and  p ostural  s tability 

 Balance is described as the ability of the body to 
maintain a centre of gravity over its base of support 
with minimal sway and maximal steadiness. Factors 
that have been shown to infl uence balance include: 
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dramatic weight loss such as that induced by the 
roux - en - Y gastric bypass and gastric banding is also 
associated with signifi cant bone resorption and loss 
(Berarducci,  2007 ; Carrasco  et al. ,  2009 ). Efforts 
should be made to ensure that weight loss interven-
tions aim to minimise bone loss by including aerobic 
and resistance - training protocols. 

 Finally, particular attention should be given to 
weight loss initiatives targeting elderly people, as 
the health benefi ts of weight loss in this cohort are 
uncertain. Weight loss in this cohort may accelerate 
the loss of muscle mass which, correlates negatively 
with functional capacity for independent living. 
The co - existence of reduced lean mass and increased 
fat mass is defi ned by  ‘ sarcopenic obesity ’ , and 
characterises a group of individuals with high 
risk of functional impairment (Miller and Wolfe, 
 2008 ).  

  Altered  b iomechanics and  g ait 

 In adults, links have been made between obesity 
and musculoskeletal conditions such as osteoarthri-
tis and chronic back pain (Visscher and Seidell, 
 2001 ). Knee osteoarthritis is more common in over-
weight individuals, especially women, with external 
knee adduction moments cited as the most impor-
tant load factors in generating articular injury 
(Hurwitz  et al. ,  1998 ; Sharma  et al. ,  1998 ). A 
recent study investigating risk factors for lumbar 
disc degeneration found that there was a strong 
association (95% CI 1.3 to 14.3) between disc 
degeneration at follow - up and persistent over-
weight, classifi ed as BMI  ≥ 25   kg/m 2  at age 25 and 
40 – 45 years (Liuke  et al. ,  2005 ). A causal link 
between obesity and low back pain is yet to be 
described, as epidemiological studies report contra-
dictory results (Leboeuf - Yde  et al .,  2005 ; Lee  et al. , 
 2005 ). 

 Recent work has described greater ground reac-
tion forces and knee - joint loading in those who are 
obese compared with those who are not (Browning 
and Kram,  2007 ). Furthermore, Messier  et al.  
 (2005)  reported that for every pound of weight lost, 
there is resultant four - fold reduction in the load 
exerted on the knee for each step taking during 
daily activities. 

 Regarding gait, individuals who are obese may 
present with a shorter stride length and slower 
cadence, and spend more time in stance phase and 

limb musculature is impaired secondary to muscle 
weakness and the resistance offered by the body ’ s 
weight, thus increasing the rate of joint loading 
(Mikesky  et al. ,  2000 ). Functional tasks such 
as rising from a chair have been shown to be 
adversely affected by obesity (Riddiford - Harland  et 
al. ,  2006 ). In addition, weakness of muscles such 
as the gluteals and posterior tibialis (which eccentri-
cally control loading during the stance phase of 
gait) may also lead to hyperpronation and associ-
ated injury (Cornwall and McPoil,  2000 ). In order 
to improve postural muscle co - ordination and 
enhance balance capacity, strengthening of ankle 
dorsifl exors, ankle plantar fl exors and both hip 
and knee extensors should be encouraged (Lowes 
 et al. ,  2004 ). 

 It is uncertain to date as to what role reduced 
muscle strength plays in the development of muscu-
loskeletal impairments. It is clear, however, that 
reduced muscle strength in children impairs the 
development of bone strength, and that inadequate 
bone strength at the peak growth stage may increase 
the risk of sustaining fractures (Goulding  et al ., 
 2000b ). Strong developing muscle has a positive 
effect on the accrual of bone mass both in puberty 
and in adolescence (Gustavsson  et al .,  2003 ). 
Engaging in physical exercise incurs loading forces 
upon bone by exercising muscle, which in turn, 
increases bone mineral content and density. 

 In the physically active obese child, greater body 
mass requires larger muscle force to move the body 
in space and as such will lead to greater bone 
strength (Slemenda  et al. ,  1997 ). However, inactive 
obese children with weaker muscles can have a 
reduction in bone strength and thus may become 
osteopenic, increasing the risk of fracture. In addi-
tion, studies of inactive overweight children have 
suggested that high BMI, adiposity and associated 
low bone density increase the risk of fracture when 
members of this group sustain a traumatic fall 
(Goulding  et al. ,  1998, 2000a ; Molgaard  et al. , 
 1998 ). 

 In the morbidly obese, it is evident that there is 
bone loss and increased skeletal fragility following 
weight loss. More signifi cant increases in bone fra-
gility are seen where weight is lost during a rela-
tively short period of time, such as 3 – 4 months 
(Van Loan  et al. ,  1998 ; Fogelholm  et al. ,  2001 ), 
whereas moderate weight loss over a longer period 
(6 months) results in little or no bone loss (Ramsdale 
and Bassey,  1994 ; Shapses  et al .,  2001 ). Similarly, 
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  Diabetes  m ellitus 

 Diabetes mellitus is a chronic metabolic condition 
with associated microvascular and macrovascular 
complications. Physical activity is recommended as 
a cornerstone in the management of diabetes mel-
litus and can both aid glycaemic control and 
decrease the risk of diabetic complications. Diabetic 
individuals have a greater incidence of musculoskel-
etal conditions such as refl ex sympathetic dystrophy/
chronic regional pain syndrome type 1, frozen 
shoulder, limited small - joint (hands and feet) mobil-
ity, Dupuytren ’ s contractures, carpal tunnel syn-
drome, fl exor tenosynovitis, neuropathic joints 
(Charcot ’ s), diabetic amyotrophy and diffuse idio-
pathic skeletal hyperostosis (Smith  et al .,  2003 ). 
When treating this cohort the therapist should 
advise and educate on correct footwear and appro-
priate management of blisters. In some cases, the 
use of silica gel or air mid - soles may be indicated 
in an effort to protect feet and prevent blisters. 
During the rehabilitative phase of musculoskeletal 
conditions, the patient should be advised to avoid 
Valsalva - like manoeuvres due to the risk of vitreous 
haemorrhage. Similarly, the therapist should work 
closely with patients in whom physical activity is 
prescribed to avoid hypoglycaemic episodes and to 
ensure that any exercise undertaken is well planned 
and safe.   

  Limitations in  r ehabilitation 
of the  o bese  p atient 

 The main aim of intervention should be to improve 
the general function of the client. However, the 
obese client may present with factors that may limit 
the effectiveness of a therapeutic approach. The 
client may be restricted by a plethora of both intrin-
sic and extrinsic barriers depending on his/her age 
and such barriers should be considered prior to and 
throughout treatment. Adequate attention should 
be given to the importance of goal setting and moti-
vational techniques to optimise treatment. 

 Extrinsic barriers to the rehabilitation of muscu-
loskeletal complaints in individuals who are obese 
include: a lack of time; a lack of information; a lack 
of support by employers and or family members 
(particularly parents, where paediatric clients are 

double support in walking (Lai  et al .,  2008 ). It is 
possible that individuals who are obese may adjust 
the characteristics of their gait (such as walking 
speed) in order to reduce ground reaction forces 
and moments about the knee joint. This point 
should be considered when prescribing walking to 
clients, as the cardiovascular benefi ts derived from 
walking at brisk speeds may be attenuated by the 
slower speeds required to avoid musculoskeletal 
discomfort. As such, if a cardiovascular benefi t is 
not anticipated from the self - selected natural 
walking speed of the client, non - weight - bearing 
activities may be more appropriate, particularly in 
the management of severely obese clients. Few 
authors have investigated the effect of obesity on 
gait but preliminary results (Gushue  et al. ,  2005 ) 
propose that overweight children have altered knee 
joint kinematics during walking due to higher peak 
knee adduction moments (73 – 100% higher than 
normal weight children). The authors propose that 
gait adaptation may increase medial compartment 
loading of the lower limbs, and contribute to the 
development of varus/valgus deformities and oste-
oarthritic wear and tear.  

  Musculoskeletal  p ain 

 Cross - sectional investigation reports that those 
who are obese are more likely to report muscu-
loskeletal pain and that the severity of pain reported 
increases with the level of obesity (Hitt  et al .,  2007 ). 
The most commonly reported sites of pain include 
the back, the feet and the knees (Shiri  et al .,  2008 ; 
Stovitz  et al .,  2008 ) and individuals with a BMI  > 35 
have been shown to be at a greater risk of pain 
(Rohrer  et al .,  2008 ). Tukker  et al .  (2008)  reported 
a dose response relationship between the degree of 
overweight and the presence of osteoarthritis, pain 
and disability. These authors also reported that 
approximately 25% of health problems of the 
lower limb were attributable to overweight and 
obesity. It would be prudent for therapists working 
with those who are obese, to investigate the pres-
ence of pain and discomfort and to determine where 
possible, the underlying cause for these complaints 
in order to establish an optimal treatment plan. In 
addition, it is recommended that pain be addressed 
as it is cited as a barrier to the physical activity 
required for health enhancement (Mauro  et al ., 
 2008 ).  
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 Finally, certain manual therapy techniques may 
not be appropriate, given the inertia of the client ’ s 
body segments and may pose a manual handling 
risk. In such cases, alternative treatment procedures 
may need to be considered such as the use of belts 
or hydrotherapy for manual therapy treatments.  

  Rehabilitation  e xercises 
for the  o verweight  c lient 

 In order to rehabilitate a client who is overweight, 
certain modifi cations to therapeutic exercises may 
be necessary. Modifi cations may prove to be safer 
to the client and may reduce the manual handling 
risk to the therapist. The therapist should be aware 
of any assistance the client may require in getting 
down to the fl oor and may need to recommend the 
use of a chair/bench to aid a safe transition. Such 
transitions should be practised with therapist super-
vision until the client is confi dent and safe. 

 Figure  15.1 a illustrates a modifi ed quadriceps 
stretch whereby the client gets into a kneeling posi-
tion (using a chair for assistance if needed) and then 
with ankles and knees together begins to gradually 
sit back on the heels with the ankles in plantar 
fl exion (Fig.  15.1 b). The client may use his or her 
upper limbs to ease into this position and should 
be encouraged to press the knees into the fl oor.   

 Figure  15.2 a depicts the starting position for a 
seated hamstring stretch whereby the client sits 
with his or her back fl at against a wall, the knees 
extended, the upper limbs outstretched with the 
scapulae set against the rib cage and the toes point-
ing to the ceiling. The client is instructed to bend 
forward at the pelvis to the point that he or she 
feels the hamstrings stretch and should keep the 
back and knees straight at all times (Fig.  15.2 b).   

 Figure  15.3  illustrates a modifi ed calf stretch 
whereby the client leans into a wall with the toes 
pointing forward and fl exing forward on the front 
leg. The forefoot is prevented from rolling in by 
placing the edge of a book under the fi rst metatarsal 
and the calf of the back leg is stretched by keeping 
the knee straight throughout the stretch.   

 Figure  15.4  illustrates a modifi ed adductor 
stretch whereby the client sits with his or her back 
against the wall with the hips in 90 °  fl exion. The 
client then fl exes the knee and externally rotates the 
hip by placing the foot against the inner aspect of 

concerned); lower socio - economic status; previ-
ously failed attempts to manage musculoskeletal 
and general health, and a lack of safe access to 
recreational areas to increase physical activity. In 
addition to these, therapists should also be aware 
of  ‘ weight bias ’ , which many individuals are 
subjected to both in the community at large and 
in their interaction with health professionals 
(Schwartz  et al .,  2003 ). In order to engage with the 
client positively, gain his or her trust and work 
towards agreed goals for treatment, it may be nec-
essary for the therapist to refl ect on their own view 
of the obese client and to consider any prejudices 
that may negatively affect the client – therapist 
interaction. 

 Intrinsic barriers to effective holistic manage-
ment of clients who are obese may include addi-
tional physical and psychological co - morbidities. 
Patients with cardiovascular complications may be 
fearful of exercises that challenge their cardio -
 respiratory capacity. Individuals with low levels of 
physical activity may be physically deconditioned 
and may have poor motor control and co - ordination. 
Such clients may require a gradual increase in the 
intensity and frequency of therapeutic exercise. 
Clients may have a fear of falling or may be embar-
rassed to participate in tests or treatment proce-
dures, which induce perspiration and breathlessness. 
Clients may have physical impairments such as 
those described above and as such, therapeutic 
exercise should address these. Of great importance 
is the consideration that should be given to choos-
ing between weight - bearing and non - weight - 
bearing therapeutic activities. Severely obese 
patients may benefi t from fi rst working in non -
 weight - bearing positions in order to minimise dis-
comfort and anxiety. Following orthopaedic 
procedures, a risk - benefi t analysis should be made 
regarding the advantages and disadvantages of 
various assistive devices. The safety of the client 
should always be paramount but where possible the 
use of wheelchairs should be avoided in an effort 
to maintain energy expenditure during the rehabili-
tation period. Similarly, the therapist must ensure 
that all assistive equipment prescribed is safe to use 
for bariatric clients with high body weights. In the 
case of elective orthopaedic procedures, the benefi t 
of prehabilitation should not be underestimated as 
clients may fi nd the post operative period easier to 
cope with, having been well prepared in advance of 
surgery. 
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     Figure 15.1     ( a ) A modifi ed quadriceps 
stretch whereby the client gets into a 
kneeling position. ( b ) With ankles and 
knees together begins to gradually sit 
back on the heels with the ankles in 
plantar fl exion.  (a) (b)

     Figure 15.2     ( a ) The starting position 
for a seated hamstring stretch. ( b ) The 
client is instructed to bend forward at 
the pelvis to the point that he or she 
feels the hamstrings stretch and should 
keep the back and knees straight at all 
times.  (a) (b)

the opposite thigh. The adductors are stretched by 
gently leaning and pushing the knee down to the 
fl oor.   

 Core stability work can aid in the management 
of back pain in this client cohort. Core stability 
training should commence with effective contrac-
tions of the abdominal wall and the therapist should 
be aware that excess abdominal tissue may make 
palpating the contractions diffi cult. The therapist 
might choose to use easy to understand instructions 
in order to stimulate contractions. Such instructions 
might include asking the client to concentrate on 

preventing him or herself from going to the toilet 
by contracting the pelvic fl oor musculature. These 
exercises can then be progressed by contracting the 
abdominals while maintaining a balanced posture 
sitting on a ball (Fig.  15.5 ), while kneeling on a 
pillow (Fig.  15.6 ) and by getting into a modifi ed 
four - point position (Fig.  15.7 ) and slowly extending 
one of the hips (Fig.  15.8 ).   

 Balance exercises can be used to improve pos-
tural stability and might include: toe walking; heel 
walking; single leg standing with the eyes open and 
closed; double leg standing; and single leg standing 



238 Exercise Therapy in the Management of Musculoskeletal Disorders

     Figure 15.3     A modifi ed calf stretch.  

     Figure 15.4     A modifi ed adductor stretch.  

     Figure 15.5     Contracting abdominals while maintaining a 
balanced posture sitting on a ball.  

     Figure 15.6     Contracting abdominals while maintaining a 
balanced posture while kneeling on a pillow.  



Musculoskeletal Disorders in Obesity 239

on a cushion or pillow with the eyes open and 
closed (Fig.  15.9 ).    
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  16 Osteoporosis  

  Nicholas J.     Mahony       

   Introduction 

 Evolution has optimised bone structure, shape and 
mass to refl ects its various functions: mechanical 
support and leverage for the musculoskeletal 
system; protection of vital organ systems; mineral 
storage and homeostasis; and within the marrow, 
lipid storage and haematopoiesis (Currey,  2003 ). 
Osteoporosis is one of the most signifi cant bone 
disorders the therapist will encounter in modern 
practice. Diagnosis of osteoporosis is based on the 
combination of clinical risk factor assessment and 
bone mineral density measurement by a special 
low - dose X - ray technique (dual energy X - ray 
absorptiometry (DXA)). Treatment of established 
osteoporosis is complex, and has three main aspects: 
adequate nutrition, appropriate drug therapy and 
mechanical loading through exercise. 

 Exercise plays a role in preventive strategies in 
childhood and adolescence, maintenance of bone 
mass through adult years and interventions to slow 
age - related bone loss in later life. In addition exer-
cise programs can be used to correct posture, 
improve balance, increase strength and co -
 ordination, with an overall effect to reduce falls. 
The therapist should take note that exercise without 

attention to diet or without appropriate drug 
therapy may be ineffective, those who over - exercise 
can develop osteoporosis, and fi nally that in severe 
osteoporosis certain types of exercise are dangerous 
and cannot be recommended.  

  Bone  s tructure 

 The skeleton comprises some 206 individual bones 
adapted in shape and size for functions of protec-
tion, weight - bearing and movement. Bones consist 
of a dense outer cortical shell and a more porous 
inner trabecular network of struts and plates. The 
ratio of cortical to trabecular bone varies in differ-
ent parts of the skeleton. Long bones such as the 
humerus and femur are over 75% cortical bone 
whereas vertebrae consist of up to 75% trabecular 
bone; and external and internal structure can be 
adapted at different sites in the skeleton according 
to the local mechanical function and loading that 
has to be endured (Currey,  2003 ). 

 Trabecular bone is light, only 15 – 25% of volume 
is calcifi ed tissue the remainder being occupied by 
bone marrow, blood vessels and connective tissue. 
The large trabecular bone surface area provides 
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70 – 85% of the interface between the skeleton and 
soft tissues for cellular metabolic activities (Keaveny 
and Yeh,  2002 ). In the proximal and distal ends of 
long bones trabeculae effectively redistribute forces 
and bending moments to the cortical shell of the 
mid - shaft. In vertebral bodies, trabeculae distribute 
axial compressive forces throughout the entire 
network. The type of cellular structure formed, as 
well as thickness and connectivity of the struts and 
plates are key determinants of trabecular bone 
strength (Gibson and Ashby,  1997 ). 

 Cortical bone in contrast has a more solid form, 
making it highly resistant to bending and twisting 
forces and able to withstand very high loads (usually 
only in one predominant direction). Sudden loads 
applied in unusual directions can lead to fracture 
(Martin and Burr,  1989 ). The mass of bone making 
up the cortical shell and the distance of the cortical 
shell mass away from the neutral axis determine the 
cortical bone strength; or more simply, the strength 
of cortical bone is determined by both bone quan-
tity, amount of mineralisation, and by geometrical 
properties of shape and structure (Frost,  1997 ). 
Osteoporosis affects both cortical and trabecular 
bone but trabecular bone is affected to a much 
greater degree due to its higher surface area for 
unbalanced remodelling. Sites in the skeleton with 
a high proportion of trabecular bone such as the 
distal radius, the proximal femur and the vertebrae 
are therefore more prone to the effects of 
osteoporosis. 

  Bone  u ltra -  s tructure 

 At an ultra - structural level both cortical and trabec-
ular bone are made up of layers or lamellae. Within 
lamellae, collagen fi bres are aligned along the lines 
of the predominant stresses encountered during 
everyday activity, and this accounts for bone ’ s ani-
sotropic properties (Turner  et al .,  1995 ). In trabecu-
lar bone, two to three lamellae form the 
interconnected rods and plates. In cortical bone, 
two to three sheets of circumferential lamellae 
make up outer smooth surfaces; deep to this are the 
osteons or  ‘ Haversian ’  systems, three to fi ve layers 
of concentrically arranged lamellae with central 
canals containing blood vessels and nerves. 
Interstitial lamellae, consisting of partially remod-
elled osteons, fi ll in gaps between the osteons and 
circumferential layers (Khan  et al. ,  2001 ).  

  Bone  m atrix 

 Bone matrix comprises an organic phase (20 – 25%), 
a mineral phase (70%), and a small amount (5%) 
of water (Sommerfeldt and Rubin,  2001 ). The 
organic phase conveys strength, fl exibility and 
toughness and is mainly type I collagen fi bres, non -
 collagenous proteins, proteoglycans, glycoprotein, 
osteocalcin and osteonectin. The mineral phase 
consists of crystals of calcium phosphate hydrox-
ides, known as hydroxyapatite, which gives bone 
its hardness and stiffness. When formed  ex vivo , the 
non - organic crystalline structure of these compo-
nents is brittle but when combined with the organic 
phase the resultant composite material has a much 
greater hardness, strength and resilience to load 
(Khan  et al. ,  2001 ). Smaller breakdown products 
of collagen, osteocalcin and osteonectin, can be 
measured in the blood and thus are useful as clinical 
markers of bone turnover.  

  Bone  s urfaces 

 All bone surfaces, both inner and outer, are covered 
with bone - lining cells in a thin continuous layer 
(Currey,  2003 ). The outer lining membrane, the 
periosteum, also has fi brous and vascular layers. 
The inner lining layer on trabecular bone surfaces 
and lining channels for blood vessels is known as 
the endosteum. A single layer of osteoprogenitor 
cells is found here and it represents the primary 
source of cells for new bone formation during mod-
elling, remodelling and repair.  

  Bone  c ells 

 Bone cells are derived from pluripotent stem cells 
of the bone marrow. Numerous factors infl uence 
differentiation, subsequent development and roles 
in bone modelling and remodelling. Bone cells are 
of three types, bone - resorbing cells (osteoclasts), 
bone - forming cells (osteoblasts) and the predomi-
nant cell type (osteocytes,  > 90%). The fi rst two cell 
types are found on bone surfaces whereas osteo-
cytes form a network within bone. 

  Osteoclasts 

 Osteoclasts are large, multinucleate cells derived 
from macrophage precursor cells in the blood, and 
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oestrogen and 1,25 - dihydroxy - vitamin D 3.  However, 
glucocorticoid, growth and gonadal hormones also 
have effects on their function (Khan  et al. ,  2001 ). 
Osteoblasts lay down bone at the rate of approxi-
mately 0.5 – 1.5    μ m 3  per day, and given their rela-
tively short lifespan of several days it may take up 
to 10 generations of osteoblasts over several weeks 
to refi ll osteoclastic resorption cavities.  

  Osteocytes 

 Osteocytes are mature osteoblasts that have been 
enclosed within bone matrix during growth and 
remodelling. Embedded within bone, their fi ne 
cytoplasmic extensions form a communicating 
network via small channels (canaliculi) in the bone 
matrix with neighbouring osteocytes and cells 
lining surface layers (Khan  et al. ,  2001 , Currey, 
 2003 ). Mechanical loading of bone has been shown 
to produce fl uid shear stresses, which deform and 
in some cases damage this canalicular network. 
Damage and shear stress of the osteocyte network 
is purported to initiate and then modulate bone 
repair and remodelling mechanisms (Frost,  1987 ).    

  Bone  d evelopment and  a geing 

 The skeleton fi rst appears as a cartilaginous tem-
plate at 6 weeks of embryonic life; subsequent min-

have a resorptive function to remove bone matrix. 
Like macrophages, when signalled they have the 
capability to migrate into areas of damage for 
repair. Their ruffl ed borders attach to damaged 
bone surfaces in large lacunae on trabecular sur-
faces and in the cutting cones of basic remodelling 
units in cortical bone (Figs  16.1  and  16.2 ). They 
release enzymes, breaking down mineral and 
protein components of the matrix; acid secretions 
break collagen linkages with hydroxyapatite crys-
tals, and collagenase and cathepsin further break 
down the protein elements. Activated osteoclasts 
can reabsorb bone at a rate of approximately 
200   000    μ m 3  per day; which is far in excess of the 
maximum osteoid production and mineralisation 
rate of bone - forming osteoblasts.    

  Osteoblasts 

 Osteoblasts are mononuclear cells similar to fi brob-
lasts, responsible for bone growth, repair and 
remodelling following osteoclastic resorption of 
damaged or older bone. They lie on inner trabecu-
lar bone surfaces and deep within osteons undergo-
ing remodelling. Osteoblasts synthesise new bone 
matrix (osteoid) and then assist in mineralisation. 
They are activated by various growth factors, by 
micro - cracks in bone structure and by mechanical 
loading in a process called mechano - transduction. 
Their cell surfaces express many receptors; the pre-
dominant ones are parathyroid hormone (PTH), 

     Figure 16.1     Cortical remodelling: 
( a ) osteoclasts tunnelling a  ‘ cutting 
cone ’  followed by smoothing in the 
reversal zone and ( b ) laying down of 
new concentric lamellae fi lling the 
cavity inwards to form ( c ) the Haversian 
canal and embedded osteocytes. 
 (Adapted from Kanis,  1994 , with per-
mission from John Wiley & Sons Inc.)   (a)(b)(c)



Osteoporosis 245

Those genetically endowed with bones of greater 
width, thickness and of higher density due to 
accrual of greater bone mass during development 
have stronger bones and are less likely to have 
osteoporosis in later life.  

  Bone  r emodelling 

 Bone is a  ‘ smart material ’  unlike inert materials 
such as concrete, because it possesses an adaptive 
mechanism which allows it to alter both its geomet-
ric (shape, length and width) and material proper-
ties (strength, stiffness and toughness) when exposed 
to varying mechanical stimuli. This process is called 
remodelling and is a dynamic biological balancing 
act of destruction and renewal, whereby approxi-
mately 10% of old bone is replaced by new bone 
each year. Normally remodelling activity is coupled 
so that no net bone loss occurs but with ageing the 
process becomes progressively unbalanced, ulti-
mately leading to osteoporosis (Khan  et al .,  2001 ). 

eralisation and growth occurs for the next 25 years, 
and remodelling for the rest of adult life. Growth 
in width occurs through an appositional process of 
subperiosteal deposition and endosteal reabsorp-
tion, whereas longitudinal growth occurs at special-
ised cartilagenous growth centres  –  the epiphyses 
(Carter  et al. ,  1996 ). Bone mass as a whole increases 
at a rate of 7 – 8% during childhood and adoles-
cence. Thereafter bone mass accrual occurs at a 
slower rate until late into the third decade. Then, 
after a period of mid life consolidation, in later 
years bone mass is lost due to age - related effects on 
remodelling (Forwood and Larson,  2000 ). The 
natural age - related loss of bone mass accelerates in 
females at the menopause due to declining oestro-
gen levels. In males there is a more gradual loss of 
bone with ageing in keeping with a slower decline 
in testosterone levels in the fi fth decade. Figure  16.3  
is a diagrammatic representation of age - related 
accrual, consolidation and loss of bone mass.   

 Achievement of peak bone mass at skeletal matu-
rity is dependent on a variety of factors: genetics, 
levels of gonadal hormones, adequate nutrition, 
and exposure of the skeleton to mechanical stress. 

     Figure 16.2     Trabecular remodelling: ( a ) resting phase; ( b ) osteoclast activation; ( c ) formation of resorption cavity; ( d ) smoothing 
by mono - nuclear cells (reversal); ( e ) differentiation of osteoblasts in erosion cavity (coupling); ( f ) matrix formation/mineralization; 
( g ) complete matrix; and ( h ) lining progenitor cells cover new bone.  (Adapted from Kanis,  1994 , with permission from John 
Wiley & Sons Inc.)   

(a) (b) (c) (d)

(e) (f) (g) (h)
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rebalanced by refi lling but in osteoporosis this is a 
different matter.   

  Remodelling and  o steoporosis 

 In osteoporosis the resorption in cortical and 
trabecular remodelling becomes unmatched by 
slower incomplete refi lling. In trabecular bone, the 
struts and plates become thinner or disappear. Some 
trabecular bone may get thicker and thus stronger 
in one direction but lose strength in other directions 
due to loss of connectivity with loss of interconnect-
ing struts. In cortical bone resorption cavities 
remain unfi lled giving rise to areas of excess poros-

 In cortical bone remodelling (Fig.  16.1 ), osteo-
clasts core out small tunnels or  ‘ cutting cones ’  
which move through bone at approximately 50    μ m 
per day (Kanis,  1994 ). The space left by tunnelling 
osteoclasts, the resorption cavity, is then closed in 
layers by following osteoblasts, and as the layers of 
osteoid mineralise and new lamellae are formed, the 
osteoblasts become entrapped and become osteo-
cytes. Successive lamellae are formed as osteoblasts 
add more and more layers in the  ‘ closing cone ’  until 
the space is refi lled, toward the central canal. The 
co - ordinated movement of the cutting and closing 
cones of the bone multicellular unit (BMU) through 
cortical bone has the effect to remove any small 
cracks within osteonal cortical structure which 
occur during normal everyday loading. In trabecu-
lar bone remodelling (Fig.  16.2 ) a similar process 
occurs on the surface of the struts and plates of 
trabecular bone. Firstly, osteoclasts gouge out old 
or damaged bone, and in reversal zones, the follow-
ing osteoblasts fi ll in the grooves and indentations 
left behind. 

 In terms of localised structural adaptation, 
remodelling enables bone to adapt osteonal and 
trabecular structure to changes in directions and 
magnitude of predominating forces on the bone 
(Fig.  16.4 ). Resorption takes about 10 days and 
refi lling with osteoid and mineralisation (reversal) 
can take 2 – 4 months (Currey,  2003 ). One of the 
short - term negative effects of remodelling is reduced 
bone mass, reduced trabecular thickness, reduced 
connectivity and ultimately decreased strength. In 
the normal healthy skeleton, however, this is soon 

     Figure 16.3     Age related changes in 
bone mass.  (Adapted from Compston, 
 1990  with permission from John Wiley 
& Sons Inc.)   
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     Figure 16.4     Bone adaptations to external stress through 
modelling/remodelling. ( a ) Change in distribution of bone 
material within the cortical collar results in increased cross -
 sectional moment of inertia and bone strength. Bone mass is 
the same in both cases but placing the mass further from the 
central axis increases resistance to bending in the larger 
diameter tube. ( b ) Laying down of trabecular bone in patterns 
according to the ambient compressive and tensile stress on 
the bone distributes load more effectively, increased loading 
leads to thicker, more inter - connected struts.  

(a) (b)
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  Aetiology 

 Genetic and environmental factors result in devel-
opment of smaller bones, with fewer thinner trabec-
ulae, thinner cortices and less accrual of bone 
mass during growth. Ageing leads to disordered 
remodelling; with advancing age over - dominance of 
resorptive activity leads to greater removal of older 
damaged bone unmatched by osteoblastic reversal. 
The result is a net loss of bone mass; thinner, less 
connected trabecular bone; and increased porosity 
in thinner cortical bone. Oestrogen withdrawal in 
females and hypogonadism in males will cause oste-
oporosis if it occurs at any age, but more usually 
gonadal insuffi ciency accelerates age - related remod-
elling failure in later life after the menopause in 
females. Hyperparathyroidism, secondary to 
calcium malabsorption, at any age in either sex, can 
also lead to decreased mineralisation (Kanis,  1994 ; 
Cummings and Melton III,  2002 ; Seeman,  2002 ). 

 In the elderly low trauma fractures must also be 
distinguished from  ‘ pathological fracture ’  due to 
multiple myeloma or secondary metastatic deposits 
from tumours of the breast, thyroid and prostate. 
Many forget that osteoporosis can also affect 
younger patients. Patients with early gonadal 
failure, on high - dose steroid regimens for autoim-
mune or chronic infl ammatory conditions, and post 
cancer chemotherapy are all at risk. Patients with 
nutritional defi ciency due to anorexia nervosa, mal-
absorption syndromes due to coeliac disease or post 
abdominal surgery are also at risk of early oste-
oporosis (Seeman,  2002 ). In apparently healthy 
populations, lack of exercise, eating disorders, over -
 consumption of carbonated drinks and under -
 consumption of dairy produce are also implicated 
as major causes of poor bone health. Ultimately a 
combination of factors results in long - term failure 
of bone remodelling and repair, degradation of 
bone material properties and production of fragile 
bone of limited strength and stiffness that will frac-
ture under normal loading conditions (Kanis, 
 1994 ).  

  Clinical  p resentation 

 Clinically osteoporosis should be suspected, when 
patients present with a low trauma fracture at a 
typical site: wrist, hip or spine, or if there are early 
signs of vertebral collapse on X - ray during the 

ity known as stress concentrations. At a cellular 
level there is greater activation and overactivity of 
osteoclasts in the resorption phase, and underactiv-
ity in osteoblasts in the reversal phase, leading to a 
net excess of resorption. The overall effect is to 
weaken bone and make it more susceptible to 
fracture. 

 Recent advances in bone molecular biology have 
led to a greater understanding of the link between 
mechanical stress and cellular bone remodelling 
(Sommerfeldt and Rubin,  2001 ). The discovery of 
the RANK receptor (receptor activator of nuclear 
factor - kappa B) on osteoclasts, an activating 
binding - protein RANK ligand, and an inhibitory 
factor called osteoprotegerin (OPG) has led to new 
insights into the control of remodelling at the 
molecular level (Boyle  et al. ,  2003 ). Experimentally, 
in small animal models genetic alteration of these 
factors has been able to reproduce the bone mor-
phology seen in osteoporosis and many other bone 
diseases. Currently, research is underway in North 
America into the molecular biology of bone remod-
elling in hibernating animals such as grizzly bears. 
These animals do not develop fragile bones despite 
no exercise or food and little exposure to sunlight 
for many months. An understanding of bone physi-
ology at the molecular level using various animal 
models will hopefully lead to newer treatments for 
osteoporosis in the future, possibly without the 
need for exercise!   

  Osteoporosis 

 Osteoporosis is a systemic skeletal disease charac-
terised by low bone mass and micro - architectural 
deterioration of bone tissue, with a consequent 
increase in bone fragility and susceptibility to frac-
ture (World Health Organization (WHO) Study 
Group,  1994 ). In the European Union in 2000 there 
were an estimated 3.79 million osteoporotic frac-
tures with an estimated cost of treatment of  1 32 
billion. These fi gures are projected to double by 
2050 (Reginster and Burlet,  2006 ). The causes of 
osteoporosis are multifactorial and include: genetic 
and environmental factors; hormonal, nutritional 
and ageing effects on bone material properties, as 
well as the effects of metabolic, bone and systemic 
diseases and their various drug regimens. 
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brae, and both the left and right hip. However other 
regions such as the distal radius and even whole 
body scans can be done depending on the type of 
scanner device and protocols used. DXA scans 
report estimated area (EA, cm 2 ), bone mineral 
content (BMC, g), and area density (BMD, g.cm  − 2 ) 
for regions of interest in a standard protocol of 
scans. 

 The measured BMD value is then compared with 
a database of mean values for the standard popula-
tion. Due to racial variation in bone density these 
standard population databases may be different for 
people from different parts of the world. Scan 
results when compared with the same age and 
gender norms are referred to as  ‘ Z scores ’ . However, 
it is more usual to compare measured values with 
a set of standard values typical of peak bone mass 
in young adults (age 20 – 30 years); this is known as 
the  ‘ T score ’  (Cummings  et al. ,  2002 ). 

 In DXA terms normal bone density is then a T 
score of  + 1 to  − 1   SD around the mean, a difference 
of  − 1 to  − 2.5   SD from the mean is defi ned as osteo-
penia, and a T score of  − 2.5   SD or below is defi ned 
as osteoporosis (WHO Study Group,  1994 ; Kanis 
and Gl ü er,  2000 ). Severe osteoporosis is defi ned as 
the same  ‘ T ’  score criteria as previously described 
plus an osteoporotic - related fracture (Kanis,  2002 ). 
The relevance of this is that longitudinal research 
has shown that fracture risk approximately doubles 
for every one standard deviation below mean T 
score. However it should be noted that any fragility 
fracture at any typical site also defi nes osteoporosis, 
even in the absence of low BMD from the DXA 
scan. It should also be noted that overall fracture 
risk in individual patients is determined only after 
a full evaluation of risk factors outlined above in 
conjunction with the DXA scan results. Ideally 
management should be prescribed by medical spe-
cialists working in osteoporosis clinics with experi-
ence in evaluation, diagnosis, investigation and 
treatment of the condition. Table  16.1  summarises 
the risk factors which may be implicated in early 
osteoporosis and DXA diagnostic criteria, and the 
associated diseases and their treatments.     

  Treatment and  p revention 
of  o steoporosis 

 The treatment and prevention of osteoporosis can 
been likened to the repair of a  ‘ three - legged stool ’ . 

investigation of back pain. The clinical complica-
tions of osteoporosis depend on the site of the frac-
ture although only vertebral and hip fractures result 
in an excess mortality (Cummings and Melton III, 
 2002 ). In the vertebral column pain, disability and 
spinal deformity are the main secondary problems. 
The most serious complications arise with hip frac-
ture; up to 50% of patients will suffer permanent 
disability, and between 10 – 20% will die within 3 
months to a year usually due to complications of 
prolonged immobility (Cummings and Melton III, 
 2002 ; Goldsby  et al. ,  2003 ; Kanis  et al. ,  2003 ). 

 Obviously the latter situation represents the clini-
cal end point for osteoporosis, and it is far more 
preferable to detect those at risk earlier. Therefore, 
elderly patients with a strong family history of oste-
oporosis or early menopause, or younger patients 
with a history of steroid treatment, chemotherapy 
or any chronic disease and disability preventing 
normal biomechanical loading, should be investi-
gated. Low bodyweight individuals, those with 
eating disorders and low body weight athletes, 
people on unusual diets, vegans and vegetarians, 
both male and female may be at risk and should 
also be investigated.  

  Investigation 

 In elderly patients presenting with bone pain or 
deformity, the medical practitioner must obtain a 
thorough history and perform an examination and 
investigations to rule out primary and secondary 
bone tumours; and, metabolic and endocrine disor-
ders affecting bone. In the majority of patients this 
will entail, in addition to risk factor identifi cation 
an estimate of bone quantity using DXA. The 
degree of attenuation of a dual beam of photons is 
correlated to bone mineral content and when 
divided by projected area of the site of interest an 
area density for the bone of in the scan area of 
interest is calculated. Thus DXA scans are two -
 dimensional images and it must be remembered 
that the density is not a true volumetric density but 
an area density. However, despite this and other 
errors introduced by non - uniformity of surround-
ing soft tissues, DXA - derived bone mineral density 
still remains the gold standard of clinical diagnosis 
in osteoporosis (Kanis,  2002 ). 

 The therapist should ensure that the patient has 
had a standard scan protocol in a centre specialising 
in osteoporosis. This usually assesses L1 – L4 verte-
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appropriate to age, level of mobility and bone 
status. In a younger fi tter population with normal 
bone status high impact targeted bone loading exer-
cises are recommended. At the opposite extreme in 
the frail elderly, exercise aims to maintain mobility 
and increase neuromuscular co - ordination to 
prevent falls. Targeted bone loading in this group 
can cause fractures. 

 Prevention is better than cure and strategies here 
aim for attainment of optimal peak bone mass by 
early adulthood by focusing on targeted bone 
loading exercise programmes and adequate nutri-
tion in childhood and adolescence. Further preven-
tion strategies through adult life can build bone 
and slow bone loss, however, they do not have 
the same magnitude of effect as that seen with 

Over - attention to repair of one or even two legs of 
the stool can still result in failure, because if the 
third leg fails the stool will fall (Marcus,  1996 ). 
Treatment of osteopenia and osteoporosis has to 
consider all three main areas: adequate diet, appro-
priate drug therapy depending on grading and 
extent of osteoporosis, and appropriate skeletal 
mechanical loading by exercise. 

 The common drug therapies for osteoporosis 
include hormone replacement therapy, anti -
 resorptive medications, and recently developed 
bone - building medications. Nutritional advice 
should aim to promote adequate energy and protein 
intake, and according to age and gender adequate 
amounts of calcium and vitamin D should be 
present in the diet. Exercise prescription should be 

  Table 16.1    Summary of risk factors and diagnostic criteria for osteoporosis 

   Risk factors     Associated diseases     Drug therapies     Clinical criteria  

  FAMILY history    Cushing ’ s syndrome    Corticosteroids    Low trauma fracture of wrist, hip, 
or spine  

  Chemotherapy  

  Smoking alcohol    Hyperparathyroidism    Immunosuppressants     DEXA diagnostic criteria   

      Gonadal failure    Heparin    Osteopenia: T score  − 1 to  − 2.5  

  Low calcium intake    Acromegaly    Osteoporosis: T score  ≤ 2.5  

  Low vitamin D    Insulin - dependent 
diabetes mellitus  

  Severe osteoporosis: low trauma 
fracture  +  any of above T scores  

  Acidic diet    Rheumatoid arthritis      

  Female ageing    Renal failure  

  Early menopause    Liver disease  

  Asian and Caucasian    Anorexia nervosa      

  Thin body type    Coeliac disease      

  Immobility    Crohn ’ s disease  

  Low activity levels    Ulcerative colitis      
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excessive protein intake and the excessive intake of 
acidic carbonated drinks.  

  Drug  t herapies 

 It is important for the therapist to be aware of the 
common drug regimens for osteoporosis; although 
widely prescribed, many have side effects and if 
recognised must be reported to the prescribing 
doctor. Drug treatment should be tailored to the 
individual patient, taking into account other ill-
nesses and possible interactions with other 
medications. 

 In early or pre - menopause, some women with 
osteoporosis may be prescribed hormone replace-
ment therapy in the form of oestrogen. Oestrogen 
has been shown to prevent fractures, prevent bone 
loss and increase calcium absorption. However, due 
to a slightly increased risk of female cancers, newer 
selective oestrogen receptor modulator (SERM) 
medications have been developed. SERMs such as 
raloxifene have the same actions on bone as oestro-
gen without the increased risk of uterine and breast 
cancers. Calcitonin and the bisphosphonate group 
of drugs are the other commonly prescribed anti -
 resorptive medications for osteoporosis. Calcitonin 
is taken as a nasal spray and may be especially 
useful in the case of bone pain from vertebral col-
lapse. The bisphosphonate group of drugs, alendro-
nate, etidronate and risedronate, are very effective 
drugs but are particularly tricky to administer. They 
have to be taken in the morning on an empty 

bone - loading exercise programmes in childhood 
and adolescence. 

  Nutritional  f actors 

 Growth, development and maintenance of bone 
structure requires adequate protein intake to 
provide the necessary amino acid building blocks 
for collagen synthesis and adequate intake of 
calcium, and its co - factor in metabolism vitamin 
D 3 , to form the mineral component hydroxyapatite. 
Growth, repair and remodelling also require energy, 
therefore adequate calorifi c intake is also required 
to maintain bone tissue integrity. Inadequate 
protein, mineral, vitamin D and low calorie intake 
for whatever reason will ultimately lead to poor 
bone quality; and no exercise programme can create 
strong healthy bones without proper nutrition. An 
example of poor nutritional practice associated 
with over - exercise occurs in the  ‘ female athletic 
triad ’   –  a clinical syndrome seen in gymnasts, ballet 
dancers and long - distance runners that is charac-
terised by eating disorder, amenorrhoea and 
osteoporosis. 

 In the growing skeletons of children and adoles-
cents, adequate amounts of calcium and vitamin D 3  
are essential for the attainment of greater peak bone 
mass in early adulthood. Adolescent girls and boys 
require up to 1200   mg of calcium a day during the 
growth spurt. However, the need for calcium and 
vitamin D in adults and elderly populations is often 
underestimated. Recommended female daily allow-
ances (RDA) for calcium and vitamin D 3 , for use in 
conjunction with an exercise programme are shown 
in Table  16.2 .    

  Practical  g uidelines 

 Most adults with normal bone density or mild 
osteopenia should take 500   ml of full fat milk or 
one of the newer milk products fortifi ed with extra 
calcium and vitamin D once a day. In established 
osteoporosis milk intake would have to double to 
1 litre of milk a day. For many this is impractical, 
therefore increasing intake of calcium - rich dairy 
produce plus a calcium and Vitamin D supplement 
once daily are usually required instead. Patients 
should be discouraged from following very strict 
vegetarian and vegan diets, or from fad diets with 

Adapted from Exercise and Osteoporosis ( www.sma.org.au ).

  Table 16.2    Age group and  RDA  for calcium and vitamin  D  3  

   Age group (years)     Calcium (mg)     Vitamin D (IU)  

  Girls (9 – 11)    1000    200  

  Teenage girls 
(12 – 18)  

  1300    200  

  Women (19 – 50)    1000    200  

  Pregnancy    1000 – 1300    200  

  Women (51 – 70)    1300    400  

  Women ( > 70)    1300    800  
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runners, and higher bone density in the lumbar 
spine and hips of runners than that of non - impact 
loaded swimmers (Kannus  et al .,  1996 ; Frost, 
 1997 ). Biological mechanostat theory suggests that 
prerequisite stresses and strain levels are required 
to activate bone modelling BMUs to maintain bone 
health (Frost,  1988 ). Essentially, strain levels of 
greater than 1500 – 3000 microstrain are purported 
to induce bone modelling processes and increase 
bone mass, cortical thickness and cross - sectional 
area; but much lower strain levels, 100 – 300 micro-
strain, are all that are required to decrease activa-
tion frequency of mechanically controlled bone 
remodelling and thus preserve bone. However, 
below this level,  ∼ 100 microstrain, there is increased 
activation of BMUs, loss of bone mass and thus any 
unloaded structures will disappear. At a cellular 
level, therefore, exercise could theoretically prevent 
bone loss in two ways: fi rst, high strains could 
stimulate bone modelling, i.e. new bone formation, 
and, second, intermediate level strains could inhibit 
the mismatched remodelling processes causing 
osteoporosis.  

  General  r ecommendations 

 Basic training theory suggests that, given the correct 
exercise mode, progressive overload in training by 
manipulation of FITT ( frequency/intensity/time/
type ) with adequate time for repair or recovery will 
result in adaptation (Kannus  et al. ,  1996 ; Turner 
and Robling,  2005 ). It has also been shown that 
lack of force through the skeleton due to prolonged 
immobility due to enforced bed rest, or in zero 
gravity due to space fl ight will result in loss of bone 
mineral, the  disuse  principle of training. 

 Unfortunately many studies involving exercise 
and bone density do not consider basic physiologi-
cal training principles. When evaluating training or 
exercise studies purporting to have an effect on 
BMD, one must also consider the basic principles 
of training listed below. 

   �      Specifi city:     The major impact of the activity 
should be at the site where BMD is being meas-
ured as the response to loading appears to be 
a localized effect.  

   �      Overload:     To effect change in bone mass, the 
training stimulus must exceed the normal 
loading.  

stomach, and the patient must stand in the upright 
position and be well hydrated. Gastrointestinal 
upset is common and although these are very effec-
tive anti - resorptive drugs, many patients cannot 
tolerate their side effects. Newer injectable forms 
are now coming on the market with extremely long 
half - lives, which could potentially mean an injec-
tion once or twice a year rather than daily oral 
medication. 

 The last group of bone - building drugs, parathy-
roid hormone (PTH) and strontium ranelate, should 
only be prescribed in patients with severe oste-
oporosis. Timing and dosage especially of PTH 
therapy depends on initial serum PTH level and 
other factors in the patient history. PTH may 
actively stimulate new bone formation or bone 
resorption depending on timing and dosage and 
should therefore is only be prescribed in specialist 
osteoporosis clinics (Delmas,  2002 ).  

  Exercise and  b one  h ealth 

 The evidence for the use of exercise in the manage-
ment of osteoporosis comes from three areas: epi-
demiological studies on fracture rates from countries 
with different lifestyles; studies comparing bone 
density of athletes with inactive populations; and 
animal studies of bone remodelling. There is also 
an accumulating body of evidence from interven-
tion studies looking at change in bone mass and 
fracture incidence with varying exercise pro-
grammes and in different age groups. 

 Comparative studies of fracture incidence in 
Europe, Africa and Asia have shown that even after 
adjustment for age - related decline in bone health, 
there was still an excess of osteoporosis - related frac-
tures in those countries with more Western, urban-
ised sedentary lifestyles (Mosekilde,  1995 ). Studies 
on fracture incidence within Europe have suggested 
that effects of postmenopausal oestrogen insuffi -
ciency in females and decreasing testosterone levels 
with ageing in males may have been overemphasised 
and lifestyle and genetic factors may be more impor-
tant in the development of osteoporosis (Kanis, 
 1993 ). Based on these fi ndings Kanis has recom-
mended habitual exercise as way of protecting the 
population from the effects of osteoporosis. 

 Studies on the bone density of athletes have 
shown signifi cantly higher density in the impact 
loaded forearms of gymnasts when compared with 
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specifi cally exposes bone to loading at stresses and 
strains in excess to that encountered in everyday 
activities. Only in this situation will the training 
stimulus be great enough to produce adaptation. 
Exercise for osteoporosis can be thought of in three 
main areas according to chronological age: 

  (1)     Optimum accrual of bone mass in childhood 
and adolescence  

  (2)     Prevention of bone loss through adulthood  
  (3)     Prevention of age - related bone loss and falls 

in older people.     

  Optimum  b one  a ccrual in 
 c hildhood and  a dolescence 

 Childhood and adolescence is an especially impor-
tant time to improve bone mass through exercise 
(Khan  et al. ,  2000 ; Janz  et al. ,  2004 ; Forwood 
 et al. ,  2006 ). Achievement of a higher peak bone 
mass by age 26 – 30 years means that later age -
 related decline in bone quantity starts from higher 
peak values and takes longer to reach fracture 
thresholds (Fig.  16.3 ). 

 In terms of training principles and targeted 
loading, regular short duration and high intensity 
physical exercise in childhood especially at or 
slightly before the pubescent growth spurt can sig-
nifi cantly increase accrual of a greater bone mass 
by the third decade (Kannus  et al. ,  1996 ). It goes 
without saying that inactivity such as television, 
computer video games and vehicular transport for 
short journeys should be limited. 

 Exercise in young children should be weight -
 bearing, provided there are no contraindications to 
high impact, but most importantly the emphasis 
should be on fun. McKay and co - workers from 
Canada have developed simple exercise pro-
grammes, such as  ‘ bounce the bell ’  and  ‘ leaping 
lizards ’ , to study effects of exercise on bone health 
in primary school children (McKay  et al. ,  2005 ). 
For example, the leaping lizards programme 
involves competitive team drills of running, jumps 
and turns performed over a short course marked by 
cones at 2.5   m intervals. The team that picks up all 
cones in the quickest time is the winner! Exercise 
duration is approximately 15 minutes (time) and 
the races can be performed on a daily basis (fre-
quency). The therapist can adapt this simple routine 
and vary speed and length (intensity) of the course, 

   �      Reversibility:     The positive effect of a training 
programme on bone will be lost if the pro-
gramme is discontinued.  

   �      Initial values:     Those with the lowest levels of 
BMD have a greater capacity for percentage 
improvement in training studies; those with 
average or above average bone mass have the 
least.  

   �      Diminishing returns:     Each person has an indi-
vidual biological ceiling that determines the 
extent of a possible training effect. As this 
ceiling is approached, gains in bone mass will 
slow and eventually plateau.     

  Targeted  b one  l oading 

 In terms of specifi city, exercise can be divided into 
activity which is good for overall general health and 
that which is good for bone health. Swimming, 
cycling and may benefi t general cardiovascular 
health but have little if any impact on bone mass 
accrual or prevention of bone loss and therefore 
bone strength. The concept of  targeted bone loading  
is used to describe exercise which specifi cally stimu-
lates bone modelling or inhibits bone remodelling 
processes and thus improves bone strength. For 
targeted bone loading, exercise must be weight -
 bearing and mechanical stress on the bone must be 
greater than those normally experienced by the 
skeleton during everyday activities (specifi city and 
overload principles). 

 The way in which the force is applied to the 
skeleton also makes a difference. Jumps off a raised 
platform 0.3   m of the ground 20 – 30 times three 
times per day with total exercise duration less than 
30 minutes/day, is more effective than a 2 - hour 
walk or bike ride. Forces generated during the gait 
cycle of walking and running are attenuated as one 
moves up the skeleton and by the time forces reach 
the axial skeleton there is little substantive loading 
of the vertebral column (site specifi city). In terms 
of practical exercise advice, walking and running 
will only benefi t the bones of the lower limb, and 
other forms of loading need to be used to target the 
spine. 

 Exercise programmes to improve or maintain 
bone health should continue throughout life, and 
whenever clinically appropriate should involve tar-
geted bone loading, that is, an exercise mode which 
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  Slowing  a ge -  r elated  b one  l oss and 
 p revention of  f alls in  o lder  p eople 

 Although weight - bearing exercises, such as aerobics 
and strengthening exercises are all useful for 
increasing BMD in the spine and walking can 
increase BMD in the hip (Bonauti  et al. ,  2002 ), it 
is important to determine bone status before exer-
cise prescription. Exercise programmes for older 
people with normal density can focus on short 
duration, high - impact programmes. However, vig-
orous activity in those with established osteoporo-
sis is potentially dangerous as it may cause further 
wedge fractures of the spine and as exercise in older 
people has not been shown to improve bone density, 
it cannot be recommended (Forwood and Larson, 
 2000 ). In particular exercise with sudden stop starts 
and or twisting movements, involving sudden 
abdominal fl exion or impact loading should be 
avoided. In very frail elderly people with low bone 
density, exercise programmes should focus on 
improving muscle strength for mobility and balance, 
improving quality of life and preventing falls. 
Exercises that enhance posture, such as back exten-
sion exercises in a seated position or seated back 
and scapula extension against a wall can counteract 
anterior wedging in the spine.  

  Exercise  p rogrammes for  o steoporosis: 
 k ey  i nformation  s ources 

 There is now a vast resource of information with 
regard to exercise in individual patients with oste-
oporosis or for those who just want to improve 
their bone health. There are many fact sheets avail-
able giving general lifestyle advice on exercise and 
nutrition at all ages from reputable sources e.g. 
the Medicine and Science for Women in Sport 
Group of Sports Medicine Australia ( 2008 ; 
 www.sma.org.au ). The National Osteoporosis 
Society  (2008)  in the UK ( www.nos.org.uk ) has 
also produced two useful booklets,  Exercise and 
Bone Health  and  Exercise and Osteoporosis , which 
contain exercise advice to prevent osteoporosis 
and exercise advice for those patients with estab-
lished osteoporosis. For the therapist, Forwood 
and Larson  (2000)  have outlined safe exercise 

and change running to hopping, galloping or bunny 
hops (type) etc. to ensure progressive overload. 

 In adolescents ( < 18 years) and younger adults 
( < 28 years) the key to increasing bone mass accrual 
is again to encourage short duration, high - impact 
weight - bearing exercise. In this group, organised 
classes such as step aerobics and dance, or running, 
are more appropriate. In all younger age groups 
simply advocating any weight - bearing activity, such 
as fast walking and sporting activity of any type for 
at least 30 minutes per day, may be just as 
effective.  

  Prevention of  b one  l oss 
 t hrough  a dulthood 

 In adults (30 – 50 years) small but signifi cant differ-
ences in bone density have been shown between 
exercising groups and controls. Exercise modes in 
these studies include jogging, supervised and unsu-
pervised weight - training, high - impact jumps or 
steps incorporated into an aerobics exercises. 
Results of these studies show only small gains, 
1 – 2% increase or no change in bone density at the 
hip and spine in comparison with controls. The best 
results seem to be with high - impact jumping pro-
grammes (Bassey and Ramsdale,  1995 ). 

 Increasing bone mass over and above that seen 
in a healthy active population can probably only be 
achieved by resistance training. Several studies have 
shown that bone density at certain sites can be 
predicted by overall muscle strength in that general 
area of muscle attachment. Increases in BMD due 
to strength training programmes are site specifi c, 
and the magnitude of response is again governed 
by FITT principles in modulation of progressive 
overload. If resistance programmes are stopped, 
muscle strength and BMD will be lost, i.e. the 
disuse principle. A combination of a step - based 
aerobic programme, and gym exercises incorporat-
ing body resistance and weights, 12 exercises, 3 
sets, 15 repetitions (weight depending on 1 or 3 RM 
(repetitions maximum)) has been shown to be effec-
tive programme in preventing decline and/or further 
developing bone mass in this group (Friedlander  et 
al. ,  1995 ). It should also be re - emphasised here that 
over - exercise in young adults can suppress levels 
of gonadal hormones, and result in low bone 
density.   
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Health  covers exercise and osteoporosis in its 
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  Summary 

 In the treatment of osteoporosis, exercise can be 
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hood and adolescence to maximise accrual of bone 
mineral by early adulthood. In the adult years, exer-
cise is necessary to prevent or decelerate bone loss 
due to natural ageing processes, and, especially in 
urbanised societies, to counteract the negative 
aspects of a sedentary lifestyle. In the early adult 
years, targeted exercise programmes and resistance 
training are required to improve bone strength 
above normal levels. In later years, exercise may 
slow the rates of bone loss and additionally by 
maintaining mobility, balance, and muscle strength, 
and prevent the falls which can cause fracture of 
more fragile bones. In patients with established 
osteoporosis the therapist needs to work closely 
with allied health professionals in the provision of 
individually tailored, safe, and well - monitored 
exercise programmes. The therapist must also be 
mindful of the hazards of exercise prescription in 
patients with severe osteoporosis, as not all exercise 
is benefi cial and some exercises are dangerous for 
fragile bones.  
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