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Joint protection and physical rehabilitation of the adult with

hypermobility syndrome
Rosemary Keera,b,c and Jane Simmondsb,c,d

Introduction
Hypermobility is defined as an increase in the range of

joint movement for an individual when age, sex and

ethnic background are taken into consideration. It is

greatest in women, in children (decreasing with age)

and those of African or Asian descent [1]. This excessive

range of movement is due to laxity in connective tissue,

principally ligamentous tissue, which is inherited and

determined by a person’s connective tissue matrix

protein genes [2]. In a clinical setting, joint hypermobility

is most commonly measured using the Beighton nine-

point scale [3] where a score of 4 or more out of 9 usually

indicates generalized hypermobility (Table 1) [3,4].

Joint hypermobility does not necessarily cause problems

and is thought to confer an advantage in the world of

sport, dance and music, although there is evidence that

connective tissue laxity can increase the risk of knee

injury in contact sports [5]. Once musculoskeletal symp-

toms are associated with hypermobility (in the absence of

any rheumatic, neurological, skeletal or metabolic dis-

eases), a diagnosis of hypermobility syndrome or joint

hypermobility syndrome (JHS) is made [6].

Joint hypermobility syndrome
JHS is a multisystemic condition in which joint pain is the

primary complaint. A major component of the 1998

revised Brighton criteria used for diagnosing JHS [4]

states that arthralgia is present for longer than 3 months

in four or more joints in association with hypermobility

(Beighton 4/9 or more) (Table 1). Pain most commonly

affects the knees, spine, shoulders and feet (although any

joint can be symptomatic) and is often related to the

activities of the individual [7,8]. The tendency for hyper-

mobile individuals to rest at the end of their joint range

and to regularly use their joints in a ‘locked’ or end of

range position is thought to be an attempt to improve

stability [8,9]. This, combined with poor postural habits

[10�,11�], dysfunctional movement patterns [11�] and

defective proprioception [12] leads to stress and strain

in the supporting structures of the joint, producing

fatigue and pain. Pain inhibits use of the joint, producing

weakness in the surrounding muscles. This leads to

decreased control and stability, potentially causing

further strain and exacerbating pain. Joint subluxation

and dislocation can be a regular feature in some individ-

uals. In addition, the passive supporting structures of
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Purpose of review

Hypermobility and hypermobility syndrome are common conditions with universal

interest. However, despite significant advances in our knowledge of the presentation

and implications of lax tissues there is still much to learn about the best way to manage

the symptoms. This review discusses our current knowledge on the management of joint

problems associated with hypermobility syndrome.

Recent findings

Relieving joint pain and preventing its recurrence are primary aims of treatment and

exercise to improve joint stability and control is a major component of physical

rehabilitation. Research has identified that posture, proprioception, strength and motor

control are important components in achieving this aim along with education, physical

activity and fitness.

Summary

It is not yet known what form the optimal physical rehabilitation programme should take,

but the components discussed here are based on sound scientific principles which it is

hoped will further knowledge, stimulate interest and promote further research.
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joints, such as ligaments, have a poor blood supply and

injury may result in longer and poorer healing [13,14] and

general deconditioning [15]. Some authors believe there

may be a link between hypermobile joints and the

development of osteoarthritis [16,17]. Treatment needs

to break this vicious cycle to prevent descent into a

downward spiral of declining function, loss of indepen-

dence, self-esteem and self-efficacy [1].

Physical rehabilitation
Physical therapy is the mainstay of treatment and con-

sidered an effective form of management by consultant

rheumatologists in the UK [18]. There are many facets to

treatment of the hypermobility syndrome, but improving

the health of the joints is a priority.

Initially, therapy aims to reduce pain and improve joint

control and stability, progressing onto the ultimate aim of

injury prevention and enabling the patient to self manage

their condition confidently.

Joint control

The question of whether it is necessary or advantageous

to restrict range of movement in hypermobile joints to

protect them is unknown. Anecdotally it seems that

hypermobile individuals complain of feelings of discom-

fort from stiffness and positively like stretching [19]. It is

recommended that a normal range of joint movement for

the individual is restored and maintained, but efficient

and effective control is required throughout the whole

range of movement and especially into the hypermobile

range [11�,20].

Posture

The importance of good posture in physical wellbeing

cannot be overstated. Kendall et al. [21] describe good

posture as ‘that state of muscular and skeletal balance

which protects the supporting structures of the body

against injury or progressive deformity’ and where ‘the

muscles will function most efficiently’. It follows there-

fore that faulty posture will lead to ‘increased strain on

the supporting structures and . . . less efficient balance of

the body over its base of support’. Suboptimal posture,

both static and dynamic, is a common clinical finding in

JHS individuals and recent research has suggested the

trunk is most affected [10�]. An individually tailored

posture re-education programme showed good improve-

ment in pain and quality of life [10�].

Motor control

Improving trunk stability is often the starting point of a

rehabilitation programme, because it is frequently found

to be abnormal, and efficient trunk stability is required for

effective peripheral joint stability. Patients with recur-

rent low back pain have been shown to have an altered

postural strategy whereby activation of the deep postural

(stability) muscles, which support the spine against per-

turbation, is delayed. These findings have also been

found to occur in pain-free individuals who anticipated

(experimental) pain on movement [22] and this mech-

anism, mediated by the central nervous system (CNS),

could be a factor in fear avoidance or kinesiophobia

shown in JHS patients [1]. In addition, it has been shown

that patients with musculoskeletal pain have functional

changes in the representation of affected muscles on the

somatosensory cortex and that these cortical neuroplastic

changes can be reversed by motor-skill training [23��].

The excellent review by Boudreau et al. [23��] suggests

several key components to maximize rehabilitative suc-

cess. Exercises or motor training should target a specific

component of movement which requires greater skill and

precision. It should be pain-free, as pain rapidly alters the

excitability of the motor cortex and contributes to pro-

tective motor control strategies and so hinders learning. It

should be goal-orientated or ‘cognitive’ to enhance cor-

tical changes and focused on quality rather than quantity

to prevent fatigue and pain interfering with improve-

ments in task performance.

Research has shown that specific, isolated, low level,

skilled stabilization training leads to an improvement

in timing of activation of postural muscles to near normal

levels and is better than non-isolated functional exercise

[24–26]. In addition, changes can occur after one session

[25], lead to cortical reorganization showing motor learn-

ing [26,27], and can be transferred to functional activities

[24] which are still maintained at 6 months [28].

The first randomized controlled trial (RCT) in physio-

therapy, looking at treating hypermobility in children,

has shown that while both a generalized and targeted

physiotherapy exercise programme achieved significant
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Key points

� Although hypermobility syndrome is a complex

multisystemic condition, joint laxity and pain are

the primary complaints.

� Joint protection and injury prevention are key to

managing symptoms.

� Optimizing joint stability and control throughout

the full range of movement is a major component of

physical rehabilitation.

� Rehabilitation should focus on the whole body and

include specific motor-skill training to improve

posture, joint control, proprioception and muscle

strength.

� Physical rehabilitation, education on joint care and

improving physical fitness allow the individual to

self-manage the condition confidently.
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improvements in pain scores, at the 3-month follow-up,

the parental assessment of improvement in pain was

significantly in favour of the targeted programme [29�]

and suggests additional benefits that are in agreement

with clinical experience [8,9,14].

Muscle strengthening

Individuals often present for treatment in a physically

deconditioned state, which is thought to be a result of

reduced physical activity due to longstanding pain from

recurrent injury or postural misuse [30��]. Muscle weak-

ness is a common clinical finding, particularly in the

presence of pain, and has been found to occur in the

knee extensors and to a lesser degree in the knee flexors

of adults [31] and in children [32] with JHS. Interestingly,

another study [33] showed no significant difference in

muscle strength at the knee between women with and

without joint hypermobility, but this may be explained

by a lack of symptoms in the latter study. The women

did, however, show a higher rate of force development in

the knee extensors, thought to be important for fast joint

stabilization, which may be a future consideration in both

treatment and research.

Proprioception/kinaesthesia

Normal movement relies on a complex integration of

proprioception, kinaesthesia and motor control. Proprio-

ception is defined as the ability to sense joint position and

movement in order to ensure joints are correctly posi-

tioned and have suitable muscle tone for the activity [12].

It is known that JHS individuals have a deficit in pro-

prioceptive acuity of the finger joints in terms of position

sense [34] and the knee joint in terms of kinaesthesia or

movement awareness [12,32,35]. It is not clear which part

of the proprioceptive mechanism might be at fault.

However, Ferrell et al. [36] found segmental musculo-

skeletal reflexes were impaired, in particular the quad-

riceps reflex, in JHS patients. In almost half of the

patients it was absent, whereas in others, when present,

it was found to progressively reduce in amplitude into

hyperextension, in contrast to nonhypermobile individ-

uals. This may have important implications for stability

around the knee, and be part of the explanation for the

common sensation of the knee ‘giving way’ [37��].

Rombaut et al. [38�] confirmed similar deficits in knee

joint position sense in patients with Ehlers–Danlos syn-

drome (EDS) type III (hypermobility type), considered

by leading authorities in the field to be synonymous with

JHS [39�], but no difference in vibratory perception

sense. In addition, rather interestingly, no significant

difference was found in joint position sense at the

shoulder joint between the EDS type III group and

the control group and this finding has been confirmed

by other researchers [40]. These are new areas which

have not been reported on before in this client group and
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further research is indicated to verify and explore the

implications.

Exercise programmes, designed to enhance propriocep-

tion and so improve joint stability, have been shown to be

successful. Keays et al. [41] showed a positive effect on

motor function in anterior cruciate ligament deficient

knees following a 6-week preoperative exercise pro-

gramme to such an extent it was suggested that the

improved stability may, in certain cases, avoid the need

for surgery. The parameters that showed significant

improvement were quadriceps muscle strength, balance

and unexpectedly, but of potential importance for JHS,

increased passive stability at the knee. In JHS patients, a

6-week exercise programme designed to improve joint

stability demonstrated a significant decrease in global

pain and reduced hyperlaxity at the knee [42] and, more

recently, a similar programme over 8 weeks [35] showed a

significant reduction in pain scores, enhancement of

proprioception and improvements in function. More

specifically, Ferrell et al. [36,43] demonstrated significant

improvement in proprioceptive acuity, balance and

muscle, as well as improvement in pain and quality of

life following an 8-week programme of progressive closed

chain kinetic exercises. Strikingly, the segmental reflex,

absent in almost half of the JHS patients prior to the

programme, was elicited following the programme [36].

This change in reflex function is thought to be due to

improved motor neurone activation at a spinal level and

suggests plasticity in the spinal circuitry [37��].

Recent landmark work [44] has emphasized the import-

ance of skin in proprioception and kinaesthetic sense.

Because of skin laxity, often present in individuals with

JHS, we recommend enhancing sensory input via the skin

through ‘hands on’ movement facilitation, the wearing of

tight fitting clothing and neoprene gloves and the appli-

cation of tape during specific exercise or functional

rehabilitation sessions. Tape has been shown to have a

beneficial effect on pain [45,46], mechanical stability

[47], joint laxity [48,49] and proprioception, but only in

those with a deficit [50,51]. Rhythmical stabilizations are

a useful method to improve postural stability both glob-

ally and more specifically around a joint [52]. Weight-

bearing and closed kinetic chain exercises, such as stand-

ing on one leg, mini squats, single-leg knee bend and

four-point kneeling, are recommended to enhance pro-

prioceptive feedback [42,43] and can be progressed on to

more dynamic balance activities using a balance (wobble)

board, foam rollers and the Swiss ball [8,30��]. Open chain

exercises are included in the middle and later stages of

rehabilitation to be more functionally specific.

Education

Education on joint care forms an important part of an

overall management programme where the emphasis is

on educating and empowering the patient to avoid harm-

ful postures and activities which can overstretch and

strain hypermobile joints [14,53,54]. Butler [55] recom-

mends joint care and energy conservation techniques

which have been modified from those utilized for patients

with rheumatoid arthritis (RA) and two RCTs have found

greater benefit in terms of pain, fatigue, functional ability

and self-efficacy when a joint care programme for RA was

based on behavioural methods rather than a standard

information based programme [56,57]. As poor proprio-

ception is linked to hypermobile joints, it is essential that

advice includes individualized skills training, exercise

practice with feedback, problem-solving and attention

to personal beliefs in order to motivate the individual to

change behaviour.

External support

As a rule, splints and braces are discouraged in favour of

strengthening muscles to support joints effectively, but

there are situations when selected use can be advan-

tageous. Bespoke or off the shelf supports can be used to

support tissues during the acute phase of an injury to

facilitate the recovery phase [11�] and during specific

activities to prevent injury [58]. The key factor in their

successful use is thought to be in providing psychological

support and reducing fear [59]. Splints which stabilize the

joints yet allow good function are particularly recom-

mended in the hand [55] and provide additional benefit

when combined with a joint protection programme and

exercise in osteoarthritis [60]. Sensible footwear with a

strong heel counter, robust fastenings and cushioning

materials are recommended to provide support for the

hypermobile foot with some individuals requiring func-

tional foot insoles or orthotics [61].

Physical activity and physical fitness

Once efficient and effective joint control has been

achieved, individuals with JHS are encouraged to

develop a lifelong commitment to physical activity to

maintain good health and wellbeing [30��]. The effects of

exercise can be short lived once exercising stops [42]

although there is some evidence that once efficient

muscle activation has been hard wired into the brain

and used automatically in everyday activities, changes are

retained for up to 6 months [28]. Decreased sports activity

is frequently a feature in JHS [38�] which will impact on

the physical health and wellbeing of an individual. The

challenge then is to find activities and sports which are

safe, enjoyable and maintain good cardiovascular fitness.

Exercise in water has been recommended [38�] and could

include swimming (good technique is essential to prevent

strain of the cervical and lumbar spine) or deep water

walking or running using a buoyancy belt [30��]. T’ai Chi

has been shown to improve muscle activation and

stability while standing [62]. Pilates and some forms of

yoga and dance are also recommended [30��], but for

134 Rehabilitation medicine in rheumatic diseases



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

some, perhaps the most exciting news is the recent

finding that balance and lower limb strength is signifi-

cantly improved by exercising on the Wii Fit [63]

although caution is required in order to prevent ‘Wiiitis’

[64].

Additional features

While this article has focused on joint protection

measures in order to alleviate the joint symptoms associ-

ated with JHS, it is to be remembered that there are

frequently other features of the disorder to consider.

There is evidence of dysmotility producing gastro-intes-

tinal symptoms [65,66], autonomic dysfunction [67,68],

carpal tunnel syndrome [69], chronic regional pain syn-

drome (CRPS) [70] and chronic pain [1,71], which may

necessitate referral to different specialists for assessment

and treatment. While exercise in various different forms

will play a part in the treatment of these additional

complaints, those individuals with life dominating pain

may require a psychological input using cognitive beha-

vioural therapy and a pain management programme [72].

Conclusion
JHS is a complex multisystemic condition with joint

laxity and pain as the primary complaint. Joint protection

and injury prevention form a major component of a

successful rehabilitation programme. These aims are

achieved through improving posture, joint stability and

control through specific motor-skill training which

includes pain-free, cognitive exercise to enhance proprio-

ception and muscle strength. Renewed confidence in the

joints will lead to resumption of a more normal level of

physical activity with the benefits of improved physical

fitness and wellbeing.

There are still many unanswered questions and clearly

further research is necessary to try to discover the optimal

form of rehabilitation to maintain joint health in JHS.

Acknowledgements
The authors wish to thank and acknowledge the guidance and support
of Professor Rodney Grahame CBE.

References and recommended reading
Papers of particular interest, published within the annual period of review, have
been highlighted as:
� of special interest
�� of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 219).

1 Grahame R. Joint hypermobility syndrome pain. Curr Pain Headache Rep
2009; 13:427–433.

2 Grahame R. Hypermobility: an important but often neglected area within
rheumatology. Nat Clin Pract Rheumatol 2008; 4:522–524.

3 Beighton P, Solomon L, Soskolne CL. Articular mobility in an African popula-
tion. Ann Rheum Dis 1973; 32:413–418.

4 Grahame R, Bird HA, Child A, et al. The revised (Brighton 1998) criteria for the
diagnosis of benign joint hypermobility syndrome (BJHS). J Rheumatol 2000;
27:1777–1779.

5 Pacey V, Nicholson LL, Adams RD, et al. Generalized joint hypermobility and
risk of lower limb joint injury during sport: a systematic review with meta-
analysis. Am J Sports Med 2010; 38:1487–1497.

6 Kirk JA, Ansell BM, Bywaters EG. The hypermobility syndrome: musculoske-
letal complaints associated with generalised joint hypermobility. Ann Rheum
Dis 1967; 26:419–425.

7 Tinkle BT. Issues and management of joint hypermobility. USA: Left Paw
Press; 2008.

8 Simmonds JV, Keer RJ. Hypermobility and the hypermobility syndrome. Part 2:
Assessment and management of hypermobility syndrome: illustrated via case
studies. Man Ther 2008; 13:e1–e11.

9 Simmonds JV, Keer RJ. Hypermobility and the hypermobility syndrome. Man
Ther 2007; 12:298–309.

10

�
Booshanam DS, Cherian B, Premkumar C, et al. Evaluation of posture and
pain in persons with benign joint hypermobility syndrome. Rheumatol Int
2010. doi:10.1007/s00296-010-1514-2.

This article is the first to identify the importance of posture in managing joint
symptoms from JHS.

11

�
Keer R, Butler K. Physiotherapy and occupational therapy in the hypermobile
adult. In: Hakim AJ, Keer RJ, Grahame R, editors. Hypermobility, fibromyalgia
and chronic pain. Edinburgh: Churchill Livingstone; 2010. pp. 143–161.

This chapter discusses assessment and management strategies to maximize
function in JHS and includes advice on movement re-education, joint care,
education and advice.

12 Hall MG, Ferrell WR, Sturrock RD, et al. The effect of the hypermobility
syndrome on knee joint proprioception. Br J Rheumatol 1995; 34:121–125.

13 Collinge R, Simmonds JV. Hypermobility, injury rate and rehabilitation in a
professional football squad: a preliminary study. Phys Ther Sport 2009;
10:91–96.

14 Russek LN. Examination and treatment of a patient with hypermobility syn-
drome. Phys Ther 2000; 80:386–398.

15 Rose BS. The hypermobility syndrome: loose-limbed and liable. N Z J Physiol
1985; 13:18–19.

16 Jonsson H, Eliasson GJ, Jonsson A, et al. High hand joint mobility is
associated with radiological CMC1 osteoarthritis: the AGES-Reykjavik study.
Osteoarthritis Cartilage 2009; 17:592–595.

17 Jonsson H, Valtysdottir ST, Kjartansson O, Brekkan A. Hypermobility asso-
ciated with osteoarthritis of the thumb base: a clinical and radiological subset
of hand osteoarthritis. Ann Rheum Dis 1996; 55:540–543.

18 Grahame R, Bird HA. British consultant rheumatologists’ perceptions about
the hypermobility syndrome: a national survey. Rheumatology 2001; 40:559–
562.

19 Harding V. Joint hypermobility and chronic pain; possible linking mechanisms
and management highlighted by a cognitive behavioural approach. In: Keer R,
Grahame R, editors. Hypermobility syndrome recognition and management
for physiotherapists. Edinburgh: Butterworth Heinemann; 2003. pp. 147–
161.

20 Middleditch A. Physiotherapy and occupational therapy in the hypermobile
adolescent. In: Hakim AJ, Keer R, Grahame R, editors. Hypermobility,
fibromyalgia and chronic pain. Edinburgh: Churchill Livingstone; 2010. pp.
163–177.

21 Kendall FP, McCreary EK, Provance PG. Muscles, testing and function. 4th
ed. Baltimore: Williams & Wilkins; 1993:; p. 4.

22 Moseley GL, Nicholas MK, Hodges PW. Does anticipation of back pain
predispose to back trouble? Brain 2004; 127:2339–2347.

23

��
Boudreau SA, Farina D, Falla D. The role of motor learning and neuroplasticity
in designing rehabilitation approaches for musculoskeletal pain disorders.
Man Ther 2010; 15:410–414.

This excellent review condenses the most recent and relevant research in the pain
sciences which should guide musculoskeletal rehabilitation programmes.

24 Cowan SM, Bennell KL, Hodges PW, et al. Simultaneous feedforward
recruitment of the vasti in untrained postural tasks can be restored by physical
therapy. J Orthop Res 2003; 21:553–558.

25 Tsao H, Hodges PW. Immediate changes in feedforward postural adjust-
ments following voluntary motor training. Exp Brain Res 2007; 181:537–546.

26 Tsao H, Galea MP, Hodges PW. Driving plasticity in the motor cortex in
recurrent low back pain. Eur J Pain 2010; 14:832–839.

27 Tsao H, Galea MP, Hodges PW. Reorganization of the motor cortex is
associated with postural control deficits in recurrent low back pain. Brain
2008; 131:2161–2171.

Management of hypermobility syndrome in adults Keer and Simmonds 135



Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

28 Tsao H, Hodges PW. Persistence of improvements in postural strategies
following motor control training in people with recurrent low back pain.
J Electromyogr Kinesiol 2008; 18:559–567.

29

�
Kemp S, Roberts I, Gamble C, et al. A randomized comparative trial of
generalized vs targeted physiotherapy in the management of childhood
hypermobility. Rheumatology 2010; 49:315–325.

Although this research is related to children, it represents the first physical therapy
RCT for treating hypermobility and provides valuable information on designing
rehabilitation programmes. The methodological data could be useful for similar
studies in adults in an effort to identify the optimum components of a successful
exercise programme.

30

��
Simmonds JV. Principles of rehabilitation and considerations for sport, per-
formance and fitness. In: Hakim AJ, Keer R, Grahame R, editors. Hypermo-
bility, fibromyalgia and chronic pain. Edinburgh: Churchill Livingstone; 2010.
pp. 281–295.

This chapter discusses the application of principles of exercise physiology, in the
context of tissue changes associated with deconditioning, in developing compre-
hensive rehabilitation and reconditioning programmes for individuals with JHS.

31 Sahin N, Baskent A, Ugurlu H, Berker E. Isokinetic evaluation of knee
extensor/flexor muscle strength in patients with hypermobility syndrome.
Rheumatol Int 2008; 28:643–648.

32 Fatoye FA, Palmer ST, Macmillan F, et al. Proprioception and muscle torque
deficits in children with hypermobility syndrome. Rheumatology (Oxford)
2009; 48:152–157.

33 Mebes C, Amstutz A, Luder G, et al. Isometric rate of force development,
maximum voluntary contraction and balance in women with and without joint
hypermobility. Arthritis Rheum 2008; 59:1665–1669.

34 Mallik AK, Ferrell WR, McDonald A, Sturrock RD. Impaired proprioceptive
acuity at the proximal interphalangeal joint in patients with hypermobility
syndrome. Br J Rheumatol 1994; 33:631–637.

35 Sahin N, Baskent A, Cakmak A, et al. Evaluation of knee proprioception and
effects of proprioception exercise in patients with benign joint hypermobility
syndrome. Rheumatol Int 2008; 28:995–1000.

36 Ferrell WR, Tennant N, Baxendale RH, et al. Musculoskeletal reflex function in
the joint hypermobility syndrome. Arthritis Care Res 2007; 57:1329–1333.

37

��
Ferrell WR, Ferrell PW. Proprioceptive dysfunction in joint hypermobility
syndrome and its management. In: Hakim AJ, Keer RJ, Grahame R, editors.
Hypermobility, fibromyalgia and chronic pain. Edinburgh: Churchill Living-
stone; 2010.

This chapter gives an excellent review of proprioception in JHS with details on
measuring proprioceptive acuity, a discussion of the possible mechanisms re-
sponsible for any deficit and how proprioception can best be enhanced with
physical therapy.

38

�
Rombaut L, De Paepe A, Malfait F, et al. Joint position sense and vibratory
perception sense in patients with Ehlers–Danlos syndrome type III (hyper-
mobility type). Clin Rheumatol 2010; 29:289–295.

This study highlights new findings in proprioception which warrant further inves-
tigation.

39

�
Tinkle BT, Bird HA, Grahame R, et al. The lack of clinical distinction between
the hypermobility type of Ehlers–Danlos syndrome and the joint hypermobility
syndrome (aka hypermobility syndrome). Am J Med Genet A 2009;
149A:2368–2370.

An important article which makes a convincing case for considering Ehlers–
Danlos syndrome – hypermobility type and JHS to represent the same phenotypic
group of patients that can be differentiated from other heritable disorders of
connective tissue but not from each other.

40 Jeremiah H, Alexander CM. Do hypermobile subjects without pain have
alterations to the feedback mechanisms controlling the shoulder girdle?
Musculoskelet Care 2010; 8:157–163.

41 Keays SL, Bullock-Saxton JE, Newcombe P, Bullock MI. The effectiveness of a
preoperative home-based physiotherapy programme for chronic anterior
cruciate ligament deficiency. Physiother Res Int 2006; 11:204–218.

42 Barton LM, Bird HA. Improving pain by the stabilization of hyperlax joints.
J Orthop Rheumatol 1996; 9:46–51.

43 Ferrell WR, Tennant N, Sturrock RD, et al. Proprioceptive enhancement
ameliorates symptoms in the joint hypermobility syndrome. Arthritis Rheum
2004; 50:3323–3328.

44 Proske U, Gandevia SC. The kinaesthetic senses. J Physiol 2009; 587:
4139–4146.

45 Lan TY, Lin WP, Jiang CC, Chiang H. Immediate effects and predictors of
effectiveness of taping for patellofemoral pain syndrome: a prospective cohort
study. Am J Sports Med 2010; 38:1626–1630.

46 Miller P, Osmotherly P. Does scapula taping facilitate recovery for shoulder
impingement symptoms? A pilot randomised controlled trial. J Man Manip
Ther 2009; 17:E6–E13.

47 Stoffel KK, Nicholls RL, Winata AR, et al. The effect of ankle taping on knee
and ankle joint biomechanics in sporting tasks. Med Sci Sports Exerc 2010;
42:2089–2097.

48 Hubbard TJ, Cordova M. Effect of ankle taping on mechanical laxity in chronic
ankle instability. Foot Ankle Int 2010; 31:499–504.

49 Delahunt E, O’Driscoll J, Moran K. Effects of taping and exercise on ankle joint
movement in subjects with chronic ankle instability: a preliminary investigation.
Arch Phys Med Rehabil 2009; 90:1418–1422.

50 Callaghan MJ, Selfe J, McHenry A, Oldham JA. Effects of patellar taping on
knee joint proprioception in patients with patellofemoral pain syndrome. Man
Ther 2008; 13:192–199.

51 Callaghan MJ, Selfe J, Bagley PJ, Oldham JA. The effects of patellar taping on
knee joint proprioception. J Athl Train 2002; 37:19–24.

52 Simmonds J. Rehabilitation, fitness and performance for individuals with joint
hypermobility. In: Keer R, Grahame R, editors. Hypermobility syndrome:
recognition and management for physiotherapists. Edinburgh: Butterworth
Heinemann; 2003. pp. 107–125.

53 Shoen RP, Kirsner AB, Farber SJ, Finkel RI. The hypermobility syndrome.
Postgrad Med 1982; 71:199–208.

54 Keer R, Edwards-Fowler A, Mansi E. Management of the hypermobile adult.
In: Keer R, Grahame R, editors. Hypermobility syndrome: recognition and
management for physiotherapists. Edinburgh Butterworth: Heinemann; 2003.
pp. 87–105.

55 Butler K. The hand. In: Hakim AJ, Keer RJ, Grahame R, editors. Hypermobility,
fibromyalgia and chronic pain. Edinburgh: Churchill Livingstone; 2010. pp.
207–216.

56 Hammond A, Bryan J, Hardy A. Effects of a modular behavioural arthritis
education programme: a pragmatic parallel-group randomized controlled trial.
Rheumatology 2008; 47:1712–1718.

57 Niedermann K, de Bie Ra, Kubil R, et al. Effectiveness of individual resource-
oriented joint protection education in people with rheumatoid arthritis: a
randomised controlled trial. Patient Educ Couns 2010. doi: 10.1016/
j.pec.2010.02.014. [Epub ahead of print]

58 Najibi S, Albright JP. The use of knee braces. Part 1: Prophylactic knee braces
in contact sports. Am J Sports Med 2005; 33:602–611.

59 Buschbacher R, Prahlow N, Shashank J. Sports medicine and rehabilitation: a
sport-specific approach. JAMA 2009; 302:441–442.

60 Boustedt C, Nordenskiold U, Lundgren Nilsson A. Effects of a hand-joint
protection programme with an addition of splinting and exercise: one year
follow-up. Clin Rheumatol 2009; 28:793–799.

61 McCulloch R, Redmond A. The hypermobile foot. In: Hakim AJ, Keer RJ,
Grahame R, editors. Hypermobility, fibromyalgia and chronic pain. Edinburgh:
Churchill Livingstone; 2010. pp. 232–244.

62 Forrest WR. Anticipatory postural adjustment and T’ai Chi Ch’uan. Biomed
Sci Instrum 1997; 33:65–70.

63 Nitz JC, Kuys S, Isles R, Fu S. Is the Wii Fit a new-generation tool for improving
balance, health and well being? A pilot study. Climaxteric 2010; 13:487–
491.

64 Beddy P, Dunne R, de Blacam C. Achilles Wiiitis. Am J Roentgen 2009;
192:W79.

65 Zarate N, Farmer AD, Grahame R, et al. Unexplained gastro-intestinal symp-
toms and joint hypermobility: is connective tissue the missing link? Neuro-
gastroenterol Motil 2010; 22:252–e78.

66 Mohammed SD, Lunniss PJ, Zarate N, et al. Joint hypermobility and rectal
evacuatory dysfunction: an etiological link in abnormal connective tissue?
Neurogastroenterol Motil 2010; 22:1085–e283.

67 Gazit Y, Nahir AM, Grahame R, Jacob G. Dysautonomia in the joint hyper-
mobility syndrome. Am J Med 2003; 115:33–40.

68 Hakim AJ, Grahame R. Nonmusculoskeletal symptoms in joint hypermobility
syndrome: indirect evidence for autonomic dysfunction? Rheumatology
2004; 43:1194–1195.

69 Aktas I, Ofluoglu D, Albay T. The relationship between benign joint hypermo-
bility syndrome and carpal tunnel syndrome. Clin Rheumatol 2008; 27:1283–
1287.

70 Stoler JM, Oaklander AL. Patients with Ehlers–Danlos syndrome and CRPS:
a possible association. Pain 2006; 123:204–209.

71 Voermans NC, Knoop H, Bleijenberg G, van Engelen BG. Pain in Ehlers–
Danlos syndrome is common, severe and associated with functional impair-
ment. J Pain Symptom Manage 2010; 40:370–378.

72 Daniels C. Pain management and cognitive behavioural therapy. In: Hakim AJ,
Keer R, Grahame R, editors. Hypermobility, fibromyalgia and chronic pain.
Edinburgh: Churchill Livingstone; 2010. pp. 125–141.

136 Rehabilitation medicine in rheumatic diseases


