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ABSTRACT

Background

Haemophilia is a bleeding disorder associated with haemorrhaging into joints and muscles. Exercise is often used to aid recovery after
bleeds, and to improve joint function in the presence of arthropathy.

Objectives

Our objective was to systematically review the available evidence on the safety and effectiveness of exercise for people with haemophilia.

Search methods

We searched the Cochrane Cystic Fibrosis and Genetic Disorders Group's Coagulopathies Trials Register and electronic databases PubMed,
OVID-Embase, and CINAHL. We hand searched abstracts from congresses of the World Federation of Hemophilia and the European
Hematology Association, trial registries and the reference lists of relevant articles.

Date of the last search of the Cochrane Cystic Fibrosis and Genetic Disorders Group's Coagulopathies Trials Register: 14 December 2016.

Selection criteria

Randomized or quasi-randomized controlled studies comparing any exercise intervention considered relevant in haemophilia
management including supervised, unsupervised, aquatic, strengthening, aerobic or cardiovascular, stretching, proprioceptive and
balance training exercise programs in males of any age with haemophilia A or B of any severity (those with co-morbidities were not
excluded).

Data collection and analysis

Two authors reviewed the identified abstracts to determine their eligibility. For studies meeting the inclusion criteria, full articles were
obtained. The two authors extracted data and assessed the risk of bias. Any disagreements were resolved by discussion. The authors
contacted study investigators to obtain any missing data.

Main results

Eight studies were included, which represented 233 males with all severities of haemophilia A and B, ranging in age from eight years to
49 years. Study duration ranged from four to 12 weeks. Exercise interventions varied greatly and included resistance exercises, isometric
exercises, bicycle ergometry, treadmill walking and hydrotherapy; therefore, comparison between studies was difficult.

None of the studies measured or reported adverse effects from the interventions. None of the studies reported outcomes regarding bleed
frequency, quality of life or aerobic activity. Overall risk of bias across all studies was assessed as unclear.
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Very few studies provided sufficient information for comparison. None of the studies reported data that favoured the control group. One
study reported that six weeks of resistance training improved joint health status (Colorado score) compared to controls. The addition of
pulsed electromagnetic fields also improved ankle scores compared to exercises alone, but this was not seen in the elbows or knees.

Two studies reported statistically significant improvements in pain intensity after exercise interventions compared to controls.
Hydrotherapy exercises produced significant decreases in pain compared to controls and land-based exercise groups.

Two studies found improvement in joint motion in the exercise group compared to controls. One study compared land- and water-based
exercises; there was no difference in the range of motion between the two groups; however, the water-based exercise group did show
improvement over the control group.

One study, comparing joint traction and proprioceptive neuromuscular facilitation for the elbow to a control group, showed no differences
in biceps girth or strength after 12 weeks of intervention.

Some studies reported comparisons between interventions. In one study, treadmill training significantly improved balance in children
compared to bicycle ergometry. Another study added partial weight bearing exercises to quadriceps exercises and showed improved
walking tolerance.

Four studies evaluated quadriceps or hamstring strength (or both). The addition of bicycle ergometry and exercises with weights was more
effective than static exercises and treadmill walking for strengthening knee flexors and extensors. Partial weight-bearing exercises through
range were more effective than static and short arc exercises for improving knee extensor strength. The addition of treadmill walking to
ultrasound, stretching and strengthening exercises showed increased peak torque of knee flexors and extensors and decrease in knee
effusion.

The results should be interpreted with caution due to the quality of evidence (GRADE) as outlined in the summary of findings tables, which
demonstrates that all but one of the outcomes assessed were rated as low or very low due to the small sample sizes and potential bias.

Authors' conclusions

These results must be considered with caution. There is a lack of confidence in the results due to the small number of included studies and
the inability to pool the results due to the heterogeneity of outcome measures. Most exercise interventions produced improvement in one
or more of the measured outcomes including pain, range of motion, strength and walking tolerance. Hydrotherapy may be more effective
than land exercises for pain relief in adults. Functional exercises such as treadmill walking and partial weight bearing exercises seem to be
more effective than static or short arc exercises for improving muscle strength. These findings are consistent with the many non-controlled
intervention reports in the haemophilia literature. No adverse effects were reported as a result of any of the interventions. However, some
groups used prophylactic factor prior to exercise and other groups studied only subjects with moderate haemophilia. Therefore, the safety
of these techniques for persons with severe haemophilia remains unclear.

PLAIN LANGUAGE SUMMARY

Exercise for people with haemophilia

Review question

We reviewed the evidence about the safety and usefulness of exercise for men with haemophilia.
Background

Haemophilia is a group of disorders in which one of the blood clotting proteins does not work properly. It mainly affects men, although
women can also be affected. People with haemophilia bleed into their joints and muscles which can lead to painful chronic arthritis.

Exercise is often used during recovery from a joint or muscle bleed and to maintain orimprove a person's ability to function and participate
in daily activities despite joint damage.

We wanted to know if exercise was safe (that is, exercise does not cause additional bleeding) and whether exercise was able to improve
muscle strength, joint mobility, pain, balance, gait, fitness, and overall functioning.

Search date
The evidence is current to: 14 December 2016.
Study characteristics

We included eight studies with 233 male participants with haemophilia A or B (of any severity), aged eight to 49 years. Length of study
ranged from four to 12 weeks.

Exercise for haemophilia (Review) 2
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Key results

Several types of exercise programs were studied, including stretching, strengthening with weights, exercise in water, treadmill walking,
and exercise bicycle. Some studies compared participants who did one type of exercise with those who did another type of exercise; other
studies compared an exercise group with a control group that did no exercise.

There were no data relating to our primary outcomes which indicated whether bleed frequency changed after an exercise program. There
were no adverse effects measured or reported. Quality of life was not measured.

Regarding our secondary outcomes, improvements were seen in balance, joint health, and pain. Walking distance was the only functional
status measured.

In an unplanned additional analysis, improvements were seen in the range of motion, biceps perimeter; strength, and knee circumference.

These small studies showed more improvements in pain, muscle strength and joint range of motion in exercise groups than in control
groups. Studies that included functional activity, such as walking on a treadmill, showed more improvement than exercise alone. Exercise
in water seems to be more effective than land exercise in relieving joint pain in adults.

Quality of the evidence

Four studies included only males with moderate haemophilia. Three studies included all severities of haemophilia and in one, participants
used clotting factor prior to participating. Two studies included males with both haemophilia A and B; three studies did not specify type.
Only one study limited their participants to those with severe haemophilia, and these also had osteoporosis. It is not clear whether the
same results would be achieved if only males with severe haemophilia A were studied.

The results should be interpreted with caution due to the quality of the evidence; we judged that all but one of the outcomes assessed
were low or very low quality, due to small sample sizes and potential bias.

Exercise for haemophilia (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Summary of findings - Exercise compared with no intervention

Exercise compared with no intervention for haemophilia

Patient or population: participants with haemophilia
Settings: outpatients
Intervention: exercise

Comparison: no intervention

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% ClI) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
No interven- Exercise
tion
Adverse events Outcome not reported NA
Quality of life Outcome not reported NA
Joint health: Modi-  See comment See comment NA 25 ®BOO Statistically significant improvements were demon-
fied Colorado Score lowl,2 strated in the exercise group compared to the no in-
(1 study) tervention group in the joint health status of the el-
Follow up: 6 weeks bows, MD -1.21 points (95% CI -2.14 to -0.28 points),
knees, MD -3.42 points (95% CI -4.82 to -2.02 points)
and ankles, MD -1.65 points (95% Cl -2.51 to -0.79).
Pain: reduction of See comment See comment NA 18 @000 Data were presented as number of joints (n = 30)
pain intensity by vi- very low1,2,3 rather than number of participants so could not be
sual analogue scale (1 study) entered into the analysis.

Follow up: 12
weeks

There was "observed improvement (P < 0.05)" in
pain perception of the elbow in exercise group com-
pared to the no intervention group.

Functional Status  Outcome not reported

NA
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Range of Motion: See comment See comment NA 18 @000 Data were presented as number of joints (n = 30)
joint flexion and very low1,2,3 rather than number of participants so could not be
joint extension (1 study) entered into the analysis.

Follow up: 12 There was "observed improvement (P <0.05)" in
weeks flexion of the elbow in exercise group compared to

the no intervention group but no statistically signif-
icant difference between treatment groups for joint

extension.
Strength: bicep See comment See comment NA 18 @000 Data were presented as number of joints (n = 30)
strength very low1,2,3 rather than number of participants so could not be
(1 study) entered into the analysis.
Follow up: 12
weeks There was no statistically significant difference be-

tween treatment groups.

*The basis for the assumed risk is provided in the comments. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to potential risk of bias: limited details of study design provided making assessment of study quality difficult; presence of bias cannot be ruled out.

2. Downgraded once due to imprecision: evidence available from only a single study recruiting a small sample of participants.

3. Downgraded once due to applicability: the single study contributing evidence recruits only participants with severe haemophilia; results are not applicable to participants with
mild or moderate haemophilia

Summary of findings 2. Summary of findings - Exercise A compared with Exercise B

Exercise A compared with Exercise B for haemophilia

Patient or population: participants with haemophilia
Settings: outpatients
Intervention: Exercise A

Comparison: Exercise B
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Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% Cl) (95% Cl) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Exercise B Exercise A
Adverse events Outcome not reported
Quality of life Outcome not reported
Balance: Biodex See comment See comment NA 30 POOO Exercise B group (treadmill) significantly improved
stability parame- very low1,2,3 compared to Exercise A group (bicycle) in terms
ters (1 study) of overall stability index, MD 0.25 points (95% CI
0.19 to 0.31 points), anterior-posterior stability in-
Follow up: 12 dex, MD 0.35 points (95% CI 0.27 to 0.43 points)
weeks and medio-lateral stability index, MD 0.24 points
(C195% 0.17 to 0.31 points).
Pain: reduction of The mean re- The meanreduc-  NA 27 BBOO Exercise A is a land-based exercise program and
pain intensity by vi-  duction in pain tion in pain from low1,2 Excerise B is an aquatic-based exercise program.
sual analogue scale ~ from baseline baseline was 0.8 (1 study)
was 1.7 on the lower (0.41 to
Follow up: 4 weeks  yaS scalein 1.19 lower) on the
the Exercise B VAS scale in the
group. Exercise A group.
Functional Status: The mean The mean 6MWT ~ NA 30 BOOO Exercise Ais a partial weight bearing exercise pro-
6MWT (metres) 6MWT was 32 was 2.6 metres very low1,2,3 gram plus a quadriceps exercise training program
metresin Exer-  greater (0.08 me- (1 study) and Exercise B is a quadriceps exercise training
Follow up: 6 weeks  cjse group B. tres to 5.12 me- program alone.
tres greater) in
Exercise group A.
Range of Motion: See comment See comment NA 27 BP0 Exercise Ais a land-based exercise program and
flexion and exten- lowl,2 Excerise B is an aquatic-based exercise program.
sion (1 study)
No significant difference was demonstrated be-
Follow up: 4 weeks tween the treatment groups; flexion, MD 0.20 de-
grees (95% Cl -5.61 to 6.01 degrees) and extension
MD -0.10 (95% CI -1.59 to 1.39).
Strength: flexors See comment See comment NA 90 DDDO Strength outcomes demonstrated a significant im-
and extensors moderatel provement for the study groups over the control
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Follow up: 12 (3 studies) groups in all outcome measures of strength includ-
weeks ing knee extensor and flexor strength.4

*The basis for the assumed risk is the mean control group risk or provided in the comments. The corresponding risk (and its 95% confidence interval) is based on the as-
sumed risk in the comparison group and the relative effect of the intervention (and its 95% Cl).
6MWT: six-minute walk test; Cl: confidence interval; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to potential risk of bias: limited details of study design provided making assessment of study quality difficult; presence of bias cannot be ruled out.
2. Downgraded once due to imprecision: evidence available from only a single study recruiting a small sample of participants.

3. Downgraded once due to applicability: the single studies contributing evidence recruit only individuals with mild or moderate haemophilia; results are not applicable to

participants with severe haemophilia.

4. Comparisons were partial weight bearing exercise program plus a quadriceps exercise training program (study group) compared to quadriceps exercise training program alone
(control group), physical therapy program of stretching, strengthening and aerobic activity (control group) compared to the same program with the addition of bicycle ergometry
(study group) and weight resistance and exercise therapy program including ultrasound, stretching and strengthening exercises (control group) compared to the same program

plus treadmill training (study group). Also see Table 2 for further details of interventions.

Summary of findings 3. Summary of findings - Exercise alone compared with exercise plus electrophysical modality

Exercise alone compared with exercise plus electrophysical modality for haemophilia

Patient or population: participants with haemophilia
Settings: outpatients
Intervention: exercise alone

Comparison: exercise plus electrophysical modality

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% ClI) (95% Cl) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
Exercise plus Exercise alone
electrophysi-
cal
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modality
Adverse events Outcome not reported NA
Quality of life Outcome not reported NA
Pain Outcome not reported NA
Functional Sta- Outcome not reported NA
tus
Joint health: See comment See comment NA 25 lelelo) A statistically significant improvement was noted in
Modified Col- very low1,2,3 the ankle scores, MD 0.90 points (95% Cl 0.07 to 1.73
orado Score (1 study) points) favouring the exercise plus electrophysical

Follow up: 12
weeks

modality group over exercise alone group. There was
no statistically significant difference between groups
in elbow scores, MD 0.35 points (95% CI -0.70 to 1.40
points) or knee scores, MD 0.75 points (95% Cl -0.47 to
1.97 points).

*The basis for the assumed risk is provided in the comments. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison

group and the relative effect of the intervention (and its 95% ClI).
Cl: confidence interval; MD: mean difference; NA: not applicable.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

1. Downgraded once due to potential risk of bias: limited details of study design provided making assessment of study quality difficult; presence of bias cannot be ruled out.

2. Downgraded once due to imprecision: evidence available from only a single study recruiting a small sample of participants.

3. Downgraded once due to applicability: the single study contributing evidence recruits only participants with severe haemophilia; results are not applicable to participants with
mild or moderate haemophilia.

Summary of findings 4. Summary of findings - Hydrotherapy compared with no exercise

Hydrotherapy compared with no exercise for haemophilia

Patient or population: participants with haemophilia

Settings: outpatients

Intervention: hydrotherapy
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Comparison: no exercise

Outcomes Illustrative comparative risks* Relative effect  No of Partici- Quality of the Comments
(95% ClI) (95% ClI) pants evidence
(studies) (GRADE)
Assumed risk Corresponding
risk
No exercise Hydrotherapy
Adverse events Outcome not reported NA
Quality of life Outcome not reported NA
Pain Outcome not reported NA
Functional status Outcome not reported NA
Range of motion: See comment See comment NA 20 OO Data were presented via an analysis of covariance
flexion and exten- very low1,2,3 (post intervention scores adjusted for differences
sion (1 study) in pre intervention scores), so data could not be en-
tered into the analysis. There was a statistically sig-
Follow up: 8 weeks nificant improvement in range of motion of the hy-
drotherapy group over the no exercise group.
Strength: knee See comment See comment NA 20 [2loCIC) Data were presented via an analysis of covariance
flexor and extensor very low1,2,3 (post intervention scores adjusted for differences
strength (1 study) in pre intervention scores), so data could not be en-

Follow up: 8 weeks

tered into analysis. There was a statistically signifi-
cant improvement in both knee flexor and extensor
strength of the hydrotherapy group over the no exer-
cise group.

*The basis for the assumed risk is provided in the comments. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in the comparison
group and the relative effect of the intervention (and its 95% Cl).
Cl: confidence interval; NA: not applicable.

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: we are very uncertain about the estimate.
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1. Downgraded once due to potential risk of bias: limited details of study design provided making assessment of study quality difficult and suspected selective reporting bias
and post-intervention scores are not presented.

2. Downgraded once due to imprecision: evidence available from only a single study recruiting a small sample of participants.

3. Downgraded once due to applicability: the single study contributing evidence recruits only participants with moderate haemophilia; results are not applicable to participants
with mild or severe haemophilia.
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BACKGROUND

Description of the condition

Haemophilia is a congenital condition in which blood cannot clot
due to the absence or deficiency of a clotting factor protein. The
two most common types are haemophilia A (factor VIII deficiency)
and haemophilia B (factor IX deficiency or Christmas disease) (WFH
2012). Haemophilia has an estimated frequency of approximately
one per 10,000 births and there are approximately 400,000 people
with haemophilia worldwide. Haemophilia A is more common than
haemophilia B, representing 80% to 85% of the total haemophilia
population (WFH 2012).

The frequency and severity of bleeding in haemophilia generally
correlates to the clotting factor level, as measured by lab assay.
People with severe haemophilia have clotting factor levels of less
than 1% of normal and experience bleedinginto joints and muscles,
often in the absence of an identifiable haemostatic challenge,
whereas individuals with mild haemophilia (levels of 5% to 40%)
have severe bleeding only after major trauma or surgery (WFH
2012).

Haemophilia is caused by an inherited X-linked recessive trait.
Males with the defective X chromosome are affected; females are
carriers and may also exhibit signs of coagulopathy. Each child
of a carrier has a 50% chance of inheriting the defective gene. In
approximately one third of new cases, there is no family history,
and the condition arises due to a spontaneous genetic mutation in
either the mother or the son (WFH 2012).

Internal and prolonged bleeding are the main symptoms of
haemophilia, and haemorrhagic episodes can occur anywhere in
the body. For both haemophilia A and B, haemarthrosis accounts
for 70% to 80% of all bleeding episodes; muscle bleeds account
for 10% to 20% of bleeding episodes. Although any joint may be
affected, hinge joints, particularly the ankles, knees and elbows, are
the most frequently affected (WFH 2012).

Bleeding occurs from the small vessels in the synovial membrane.
If the bleeding continues, the joint capsule becomes distended.
This is accompanied by pain, loss of range of motion, muscle
spasm or muscle inhibition, and loss of joint proprioception. An
acute inflammatory response follows, and the blood is removed by
synoviocytes. Articular cartilage is damaged directly by the blood
as well as by the inflammatory enzymes (Rodriquez-Merchan 2012;
Roosendaal 2008).

Repeated haemarthroses are common and, in the absence of
adequate clotting factor replacement, frequently occur before
the previous haemarthrosis has resolved. This creates a vicious
cycle of bleed-inflammation-re-bleed, known as a target joint.
The synovium is in a chronic state of inflammation, and
becomes hypervascularized, hypertrophied and villous (De La
Corte-Rodriquez 2013).

Recurrent hemarthroses eventually lead to epiphyseal changes
and cartilage destruction with joint space narrowing, subchondral
cysts, osteophyte formation, and incongruence of joint surfaces
(Pettersson 1980).

Joint disease affects 90% of people with severe haemophilia and
contributes the greatest cost and morbidity in the haemophilia
population (Manco-Johnson 2004).

Muscle bleeds can occur in any muscle of the body, and usually
result from a direct blow or a sudden stretch. Muscle bleeds
are associated with pain, swelling, and loss of function. Bleeds
into deep muscular compartments may result in neurovascular
compromise, a serious complication. The deep flexor muscle
groups, such as iliopsoas, forearm flexors and toe flexors are
particularly at risk of developing compartment syndromes (Beyer
2010; WFH 2012).

Recurrent haemarthrosis and muscular bleedings have serious
consequences on the musculoskeletal system and the functional
health status and quality of life of individuals (Rodriguez-Merchan
2010).

Description of the intervention

For the purpose of this review, exercise will refer to a diverse set of
interventions prescribed or planned by a health professional that
includes conducting specific activities, postures or movements.
Examples of such interventions are aerobic exercise, strengthening
of specific muscles or groups of muscles, joint mobility and
stretching exercises, and exercises designed to improve balance
and proprioception, including exercise in water (Blamey 2010;
Gomis 2009).

How the intervention might work

Exercise programs for people with haemophilia are usually
designed and implemented to help manage the recovery after a
hemarthrosis or a muscle bleed, to maintain or improve function
in the presence of chronic arthropathy, or as a tool to help prevent
frequent bleeding episodes.

The aims of exercise that are considered to be important for people
with haemophilia are to (Gomis 2009; lorio 2010; Negrier 2013):

« promote normal neuromuscular development;

« preserve or restore joint range of motion (ROM) and muscular
flexibility;

« increase muscular strength and endurance;

« maintain or improve co-ordination and balance;

« maintain a healthy body weight thus decreasing stress on joints;

« promote development and maintenance of good bone density;

« improve aerobic conditioning;

« improve function and participation, and thus improve quality of
life;

« reduce health risks associated with a sedentary lifestyle.

Why it is important to do this review

Over the past 50 years, the medical treatment for people with
haemophilia has evolved from transfusions of whole blood to the
use of fractionated blood products and to the use of recombinant
technology. The availability and safety of coagulation factor
products has allowed a philosophical change in medical care
that previously limited activities and exercise for people with
haemophilia because of concerns about the induction of bleeding
(Gomis 2009; Riske 2007).

Since therapeutic exercise is an important component of the
management of other forms of arthropathy (e.g. osteoarthritis,
rheumatoid arthritis), it would appear logical that exercise would
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be effective for people with haemophilia (Hunter 2009; Stenstrom
2003).

Thus, this review will seek to evaluate the safety and effectiveness
of exercise in preventing bleeding episodes, maintaining and
restoring joint and muscle function, and in maintaining the ability
of the individual with haemophilia to participate in society.

OBJECTIVES

To systematically assess the available evidence on the safety
and effectiveness of exercise interventions for people with
haemophilia.

METHODS

Criteria for considering studies for this review
Types of studies

Randomized or quasi-randomized controlled studies.

Types of participants

Males of any age diagnosed with haemophilia A or B of any severity
(severe, moderate or mild). Males with inhibitors or other co-
morbidities were not excluded.

Types of interventions

For the purpose of this review, exercise will encompass
"a diverse set of interventions prescribed or planned by a
health professional that included conducting specific activities,
postures or movements" (Blamey 2010). Any exercise intervention
considered relevant to the management of haemophilia was
included, such as aerobic exercise, strengthening of specific
muscles, joint mobility and muscle stretching exercises, exercises
designed to improve balance and proprioception, weight-bearing
exercises, and exercise in water (hydrotherapy).

Types of outcome measures
Primary outcomes
1. Bleed frequency (number of major bleeds reported per year,

month, or week)

2. Adverse events (e.g. bleed following exercise, worsening of
symptoms)

3. Quality of life (e.g. assessed through self-administered
questionnaires such as the 'Hemo-QOL and SF-36')

Secondary outcomes

1. Balance or proprioception (or both)

. Aerobic activity

. Joint health status measured via a validated outcome measure
. Pain

a b W N

. Functional status

A post hoc analysis resulted in the addition of the following
clinically relevant outcomes to the analysis. These outcomes
were deemed important to healthcare providers and consumers
as primary impairments that are assessed by musculoskeletal
specialists and that may be impacted by an exercise intervention.

1. Range of motion

2. Biceps perimeter
3. Strength
4. Knee circumference

Search methods for identification of studies

There were no language or publication restrictions. Abstracts and
full articles were included.

Electronic searches

We searched for relevant studies from the Cystic Fibrosis and
Genetic Disorders Group's Coagulopathies Trials Register using the
terms: haemophilia* AND exercise.

The Coagulopathies Trials Register is compiled from electronic
searches of the Cochrane Central Register of Controlled Trials
(CENTRAL) (updated each new issue of The Cochrane Library) and
quarterly searches of MEDLINE and the prospective handsearching
of one journal - Haemophilia. Unpublished work is identified by
searching the abstract books of major conferences: the European
Haematology Association conference; the American Society of
Hematology conference; the British Society for Haematology
Annual Scientific Meeting; and the Congress of the World
Federation of Hemophilia. For full details of all searching activities
for the register, please see the relevant section of the Cochrane
Cystic Fibrosis and Genetic Disorders Group's website.

Date of the most recent search of the Cochrane Cystic Fibrosis
and Genetic Disorders Group's Coagulopathies Trials Register: 14
December 2016.

We performed additional searches on:

o PubMed (www.ncbi.nlm.nih.gov/pubmed)
conception to 25 November 2014);

+ Embase (Ovid) (searched from conception to 25 November
2014);

+ CINAHL (EBSCO) (searched from conception to 30 April 2014).

(searched from

We searched ClinicalTrials.gov (www.clinicaltrials.gov/); the
International  Clinical Trials Registry Platform  (http://
apps.who.int/trialsearch/); and the EU Clinical Trials Register
(www.clinicaltrialsregister.eu). Date of most recent search of trials
registers: 01 December 2014.

For full search strategies please refer to the appendices (Appendix
1).

Unpublished work was identified by the authors by searching the
(online) abstract books of the following major conferences.

« European Haematology Association conference (2002 to 2013)
« American Society of Hematology conference (2006 to 2013)

« British Society for Haematology Annual Scientific Meeting (2007
to 2014)

« Congress of the World Federation of Hemophilia (1996 to 2014)

» Musculoskeletal Congresses of World Federation of Hemophilia
(2005 to 2013)

For further details please refer to the appendices (Appendix 2).
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Searching other resources

In addition, we searched the reference lists of all publications found
by the above methods for any other potentially relevant studies.

Data collection and analysis
Selection of studies

Two authors (KS and KM) independently checked the titles and
abstracts of the studies identified from the searches. We obtained
the full text of all studies of possible relevance for assessment. We
decided which studies fulfilled the inclusion criteria and resolved
any disagreement by discussion. We also contacted study authors
for clarification where necessary. Each of these two authors
assessed studies published in languages other than English and
included them in the review when feasible using English language
abstracts, translation tools and services, or review by co-authors
and colleagues familiar with the language of publication.

Data extraction and management

Two authors (KS and KM) independently extracted data from the
included studies using forms provided by the Cochrane Cystic
Fibrosis and Genetic Disorders Group.

We extracted population characteristics (patient population,
source and setting, study inclusion criteria, symptom
characteristics, severity, mean age, prophylaxis), intervention
characteristics (description and types of exercise, duration and
number of treatment sessions, intervention delivery type and co-
interventions), comparison characteristics and outcome data. We
extracted results for primary and secondary outcomes as change
scores or final value scores for inclusion in the meta-analyses.
We assessed the clinical relevance of each study with four items:
participants described in detail to assess clinical comparability;
interventions and treatment settings adequately described to
allow repetition; clinically relevant outcomes measured and
reported; and whether the likely treatment benefits are worth
the potential harms. We also extracted data on adverse events, if
reported, from each paper.

When information regarding any of the above was unclear, we
contacted the study authors for further details. We entered the data
into the Review Manager software and pooled where appropriate
(RevMan 2014).

Assessment of risk of bias in included studies

The two authors assessed the risk of bias of each included study
using Cochrane's risk of bias assessment tool (Higgins 2011a).

We assessed the following domains as having either a low, unclear
or high risk of bias.

« Randomization ('low risk': randomization list generated using a
computer, random number table, or similar methods; 'unclear
risk': described as randomized, but no details given; 'high risk':
non-random approach, e.g. alternation, use of case record
numbers, dates of birth or day of the week).

« Concealment of allocation ('low risk': list from a central
independent unit, on-site locked computer, identically
appearing treatment; 'unclear risk': not described; 'high risk':
if allocation sequence was known to, or could be deciphered

by the investigators who assigned participants or if an open
allocation schedule was used.

« Blinding ('low risk': if participants, investigators and outcome
assessors were blinded, or if any of these were not blinded but
outcome assessment was judged not to influence the outcome;
'unclear risk': if this issue was not discussed; 'high risk': if none
of the parties involved in the study were blinded).

« Incomplete outcome data ('low risk': if any withdrawals were
described in full and were equal across groups; 'unclear risk': if
insufficient information was given; 'high risk': if the missing data
were likely to be directly related to the outcome or if they were
uneven across groups).

+ Selective outcome reporting.
« Other potential sources of bias.

Measures of treatment effect

Two authors (KS and KM) analysed the continuous outcomes by
calculating the mean difference (MD) and the corresponding 95%
confidence intervals (Cl). For future updates, we will calculate
the standardised mean difference (SMD) and corresponding 95%
Cls if different scales of measurement have been used. Variation
on measurement was reported as positive or negative providing
information about effect. For example, a reduction in pain as
measured by the visual analog scale (VAS) was reported as a
negative effect as lower numbers on the VAS indicate improvement.
Similarly, animprovementin range of motion (flexion) was reported
as positive effect as higher numbers indicate improvement. For
future updates, we will calculate the risk ratio (RR) and 95% Cls for
dichotomous outcomes and for categorical data the results will be
presented as a RR with 95% CI.

Since none of the included studies reported measures of intra-
subject variability (e.g. within-group correlation co-efficients for
the post versus baseline measures) we were unable to account
for it in assessing variability of the variation over time. We
measured the effect across randomization by comparing within-
group differences, for which we calculated variability assuming
independence. This likely led to a conservative approach (missing
an effect where the effect was there, but not claiming a spurious
effect when this was not true), which we considered an acceptable
limitation. We will try to gather data from the study authors in
order to properly update the calculation and publish an update if
successful.

Unit of analysis issues
Cluster-randomized studies

If, for future updates, we identify cluster-randomized studies,
we will include these in the analyses along with individually
randomized studies. In an attempt to account for any unit of
analysis error, we will use the methods described in the Cochrane
Handbook for Systematic Reviews of Interventions using an estimate
of the intra-cluster correlation co-efficient (ICC) derived from the
study (if possible), from a similar (in design) study or from a
study of a similar population (Higgins 2011b). If we use ICCs
from other sources, we will report them and conduct sensitivity
analyses to investigate the effect of variation in the ICC. If
we identify both cluster-randomized studies and individually-
randomized studies, we plan to pool the relevant information. If
there is little heterogeneity between the study designs and the
interaction between the effect of intervention and the choice of
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randomization unit is considered to be unlikely, we will consider
it reasonable to combine the results from both. If appropriate, we
will also acknowledge heterogeneity in the randomization unit and
perform a sensitivity or subgroup analysis to investigate the effects
of the randomization unit.

Cross-over studies

No cross-over studies were identified in the literature search and
therefore were not included in the review. Given that an effective
washout period is almost impossible to achieve with an exercise
program, in future versions of the review, if we identify cross-over
studies, we will only analyse first-arm data (collected prior to the
cross-over of the intervention).

In the first instance, we extracted outcome data with the unit
of analysis being the participant (i.e. number of participants).
However, for one study, 18 participants (nine in the intervention
and nine in the control group) the results were reported at
the unit of analysis of joints only (16 elbows included in the
intervention group and 14 elbows included in the control group)
(Cuesta-Barriuso 2013). No data reported using different units of
analysis were pooled and the difference in unit of analysis must be
considered when interpreting the results.

Dealing with missing data

We reported the numbers and reasons for dropouts and
withdrawals in all intervention groups, if described, and also
reported if the papers specified that there were no dropouts
or withdrawals. We contacted the original Investigators for
clarification on any missing information.

In the event that we were unable to contact the original authors
or they were unable to supply missing data, we imputed missing
variance scores using the mean variance from studies with similar
populations. If data were reported as a median and interquartile
range (IQR), we used the median to estimate the mean for studies
with moderate to large sample sizes (n > 25); for studies with small
sample sizes, we used the formula proposed by Hozo (Hozo 2005).
When appropriate we calculated the standard deviation (SD) with
the width of the IQR equivalent to 1.35 times the SD (Higgins 2002).
In studies where a range was presented along with the median
instead of an IQR, we estimated the SD to be one quarter of the
range (Higgins 2011c).

For included studies, we noted levels of attrition. For all outcomes,
we carried out analyses, as far as possible, on an intention-to-treat
basis, i.e. we attempted to include all participants randomized to
each group in the analyses, and analysed all participants in the
group to which they were allocated, and regardless of whether or
not they received the allocated intervention. We analysed missing
data using the Review Manager software (RevMan 2014).

Assessment of heterogeneity

We assessed heterogeneity between studies by inspecting the
forest plots and using the Chi? test and |2 statistic for heterogeneity
with a statistical significance level of P <0.10 and an interpretation
of 12 as follows:

+ 0% to 40%: might not be important;

+ 30% to 60%: may represent moderate heterogeneity;

+ 50% to 90%: may represent substantial heterogeneity;
+ 75% to 100%: considerable heterogeneity.

Assessment of reporting biases

For study protocols that were available, we compared these to
the published reports. For primary outcomes, we were planning
on investigating any potential reporting biases using a funnel
plot; however, a sufficient number of studies were not available
(Begg 1994). We performed comprehensive searches to locate all
randomized controlled studies and also sought out all relevant
unpublished studies to minimize reporting bias.

Data synthesis

Two authors (KS and KM) performed statistical analysis in
accordance with Cochrane guidelines (Deeks 2011) using the
Review Manager software (RevMan 2014). If there was no
substantial heterogeneity (less than 50%) we used the fixed-effect
model. In the presence of at least moderate heterogeneity (over
50%) we used the random-effects model and sensitivity analyses
as described below to investigate the source of heterogeneity.
We planned to analyse the different interventions separately and
planned to group outcome data as follows: four weeks to three
months; three months to six months; and longer than six months;
however, we did not obtain sufficient data from the included
studies.

Subgroup analysis and investigation of heterogeneity

We intended to undertake the following subgroup analyses:

1. exercise versus other interventions (including no intervention);

2. comparison of various modes of exercise in the prophylaxis
group;

3. comparison of various modes of exercise in the on-demand
group;

4. long-term and short-term effects of exercise on patients with
haemophilia.

We did not find sufficient data to perform the pre-planned
subgroup analysis.

Sensitivity analysis

If there are sufficient comparable studies, i.e. 10 or more, in future
updates we will perform sensitivity analyses excluding studies
with clearly inadequate allocation of concealment, randomization,
blinding orincomplete outcome data (high risk of bias). As reported
above, in reference to cluster randomized studies, if we use
ICCs from other sources we will conduct sensitivity analyses to
investigate the effect of variation in the ICC.

Summary of findings and quality of the evidence (GRADE)

In a post hoc change from the protocol, we have presented a
summary of findings table for each comparison in the review
(Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4).

1. Exercise compared to no intervention
2. Exercise A compared to Exercise B

3. Exercise alone compared to exercise plus electrophysical
modality
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4. Hydrotherapy compared to no exercise

The following outcomes were reported in all tables (chosen
based on relevance to clinicians and consumers): quality of life;
adverse events; functional status; and the following outcomes were
reported in at least one table (again chosen based on clinical
relevance to the comparison): pain; joint health; range of motion;
strength; and balance.

We determined the quality of the evidence using the GRADE
approach; and downgraded evidence in the presence of a high
risk of bias in at least one study, indirectness of the evidence,
unexplained heterogeneity or inconsistency, imprecision of results,
high probability of publication bias. We downgraded evidence by
one level if we considered the limitation to be serious and by two
levels if very serious.

For clarity in the tables, where outcomes were presented using
different measures (e.g. balance) or different domains (e.g. joint
health according to modified Colorado score), a general statement
is made in the table regarding the summary of findings for these
outcomes and the evidence is graded based on all of the measures
or subdomains combined.

RESULTS

Description of studies

See: Characteristics of included studies; Characteristics of excluded
studies.

Results of the search

Database searches (PubMed, CINAHL and Embase) and searches of
the Group's Coagulopathies Trials Register yielded 231 references.
A search of a clinical trials registries identified one study.
Handsearches of conference proceedings from the World and
Musculoskeletal Congresses of the World Federation of Hemophilia
identified 77 references. Searches of European, British and
American Hematology meetings did not yield any results. A total of
22 additional references were identified from reference lists, for a
total of 328 references.

After duplicates were removed, 250 potential references remained.
Of these, 129 described patient education strategies, gait analysis,
population characteristics, measures of participation in activity,
and laboratory training 'exercises'".

The remaining 121 described some type of exercise intervention,
but most were single case studies or had no control group. A total
of 75 of these references described clinical studies; however, after
inspection, only 18 studies (22 references) were relevant. These
were assessed by both authors for eligibility: after full text review,
eight studies were deemed eligible for the review, seven studies
were excluded and three are awaiting assessment.

See figure 1 'Study Flow Diagram' (Figure 1).
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Figure 1. Study flow diagram.
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Included studies

Eight studies met the inclusion criteria. The number of participants
per study were ranged from 18 to 48, comprising a total of 233 males
(Abd-Elmonem 2014; Cuesta-Barriuso 2013; Eid 2014; Kargarfard
2013; Mazloum 2014; Mohamed 2015; Parhampour 2014; Zaky
2013). Note: there were an additional 13 participants in the
Mazloum study but these related to a third non-randomized arm
and have not been included in this review.

Design

All studies were randomized or quasi-randomized with control
groups.

Sample sizes

Samples sizes ranged from 18 to 48 participants (four studies each
had 30 participants, with the remaining four having 18, 20, 40 and
48 participants.

Location

All studies were conducted in a physical therapy clinic at either
a university or a large hospital. Four studies were conducted at
the University of Cairo (Abd-Elmonem 2014; Eid 2014; Zaky 2013;
Mohamed 2015), three in Iran (Kargarfard 2013; Mazloum 2014;
Parhampour 2014), and one in Spain (Cuesta-Barriuso 2013).

Participants

Five studies selected participants with haemophilia A (Abd-
Elmonem 2014; Cuesta-Barriuso 2013; Eid 2014; Mazloum 2014;
Parhampour 2014) and two of these also included participants
with haemophilia B (Abd-Elmonem 2014; Cuesta-Barriuso 2013).
Three authors did not specify type of haemophilia (Kargarfard
2013; Mohamed 2015; Zaky 2013). The participants in four
studies had moderate haemophilia (Abd-Elmonem 2014; Eid 2014;
Kargarfard 2013; Zaky 2013). Two studies included participants
with all severities (Mazloum 2014; Mohamed 2015) and one
study combined participants with mild and severe haemophilia
(Cuesta-Barriuso 2013). One study selected participants with severe
haemophilia and osteoporosis (Parhampour 2014). Four studies
included only children (aged eight years to 14 years) (Abd-Elmonem
2014; Eid 2014; Mohamed 2015; Zaky 2013) while the other four
included adults aged 20 years to 49 years (Cuesta-Barriuso 2013;
Kargarfard 2013; Mazloum 2014; Parhampour 2014). Participants
in two studies infused factor prior to participation in the exercise
programs (Mazloum 2014; Parhampour 2014).

Interventions

Study periods ranged from four to 12 weeks. Interventions
included: exercises in water (Kargarfard 2013); land-based
exercises including resisted exercises with weights (Eid 2014;
Mazloum 2014; Parhampour 2014); static exercises (Abd-Elmonem
2014; Zaky 2013); stretching exercises (Abd-Elmonem 2014; Eid
2014); bicycle ergometry (Eid 2014; Mohamed 2015); treadmill
walking (Abd-Elmonem 2014); partial weight-bearing (Zaky 2013);

and proprioceptive neuromuscular facilitation (PNF) techniques
(Cuesta-Barriuso 2013). Other non-exercise interventions included:
ultrasound (Abd-Elmonem 2014); pulsed electromagnetic fields
(Parhampour 2014); and joint traction (Cuesta-Barriuso 2013).

Outcomes

Primary outcomes

1. Bleed frequency (number of major bleeds reported per year,
month, or week) - not measured

2. Adverse events (e.g. bleed following exercise, worsening of
symptoms) - not measured

3. Quality of life - not measured

Secondary outcomes

1. Balance or proprioception (or both): Biodex stability system
(Mohamed 2015)

2. Aerobic activity - not measured

3. Joint health status measured via a validated outcome measure:
Modified Colorado Score (Parhampour 2014)

4. Pain (visual analog scale (VAS)) (Cuesta-Barriuso 2013; Mazloum
2014)

. Functional status: Six Minute Walk test (Eid 2014)
. Range of motion (Kargarfard 2013; Mazloum 2014)
. Biceps perimeter (Cuesta-Barriuso 2013)

. Strength: peak torque using Biodex Isokinetic Dynamometer
(Abd-Elmonem 2014; Eid 2014; Kargarfard 2013) and Lafayette
Manual Muscle Test (Zaky 2013)

9. Knee circumference (Abd-Elmonem 2014)

0o N o »;

See also: ‘Characteristics of included studies’ table

Excluded studies

See: 'Characteristics of Excluded Studies' table (Characteristics of
excluded studies).

We excluded seven studies; four studies had no control group
(Greene 1983; Khriesat 2000; Mulvany 2010; Vallejo 2010) and the
remaining three had control groups but participants were not
randomized (Czepa 2013; Hilberg 2003; Von Mackensen 2012).

Studies awaiting classification

Three additional studies are awaiting classification and will be
assessed for possible inclusion in the next update (Cuesta-Barriuso
2014; Cuesta-Barriuso 2015; Firoozabadi 2012). Further details are
provided in the tables (Studies awaiting classification).

Risk of bias in included studies

We assessed theincluded studies for general risk of bias and overall,
we assessed these as having a low risk of bias for some aspects and
unclear for others. The authors' judgements of risk of bias for each
study are outlined in each of the studies risk of bias tables and are
summarized in the risk of bias summary tables (Figure 2; Figure 3).
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Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Mazloum 2014; Zaky 2013). One study did report that participants
were selected using "accessible sampling method" (Kargarfard
2013).

Allocation concealment

Two studies received a rating of low risk of selection bias (Mohamed
2015; Parhampour 2014). Allocation was concealed in one study
by using "closed envelopes" (Mohamed 2015) and in another by
computer block randomization carried out by an independent
person not involved in the research team or project (Parhampour
2014). For six studies the method of concealment was not stated
and these were judged to have an unclear risk of bias (Abd-
Elmonem 2014; Cuesta-Barriuso 2013; Eid 2014; Kargarfard 2013;
Mazloum 2014; Zaky 2013).

Blinding

In all eight included studies, blinding of the participants was not
possible. Blinding of study personnel was demonstrated in only
one study (Cuesta-Barriuso 2013). Specifically "blinded evaluators"
assessed outcomes at all time points and this study was rated to
have a low risk of detection bias (Cuesta-Barriuso 2013). Overall,
the risk of blinding was unclear in seven studies as insufficient
information was given as to the extent to which the unblinded
assessment may have affected outcomes (Abd-Elmonem 2014;
Eid 2014; Kargarfard 2013; Mazloum 2014; Mohamed 2015;
Parhampour 2014; Zaky 2013).

Incomplete outcome data

One study received a rating of low risk of attrition bias as the
study reported the number, reason for the dropouts and from
which treatment group the dropouts were from (Parhampour
2014). Overall, the proportion of dropouts in the study population
was 10% (n = 5) for the Parhampour study (three from the
resistance training group and two from the resistance training
with pulsed electromagnetic fields group) (Parhampour 2014). The
Mazloum study did indicate the number of dropouts and the
reason for withdrawing from the study, but did not report from
which intervention group the dropouts occurred, therefore, this
was classified as having an unclear risk of bias for this domain
(Mazloum 2014). The remaining six studies received an unclear
rating as none indicated any dropouts nor did the authors directly
state thatall participants completed the study (Abd-Elmonem 2014;
Cuesta-Barriuso 2013; Eid 2014; Kargarfard 2013; Mohamed 2015;
Zaky 2013).

Selective reporting

Seven studies were determined to have an unclear risk of selective
reporting bias. One study was deemed to have a high risk of
selective reporting bias as reference is made to administration
of a questionnaire post-treatment but results were not reported
(Kargarfard 2013).

Other potential sources of bias

We rated all eight included studies as having a low risk of other
potential sources of bias.

Effects of interventions

See: Summary of findings for the main comparison Summary of
findings - Exercise compared with no intervention; Summary of
findings 2 Summary of findings - Exercise A compared with Exercise

B; Summary of findings 3 Summary of findings - Exercise alone
compared with exercise plus electrophysical modality; Summary
of findings 4 Summary of findings - Hydrotherapy compared with
no exercise

Atotal of eight studies have been included in the analysis.

Exercise versus no intervention

Two studies were included in this comparison (Cuesta-Barriuso
2013; Parhampour 2014). Cuesta-Barriuso included 18 participants
with 16 elbows as the unit of analysis and Parhampour included 25
participants (13 in the exercise group and 12 in the control group)
(Cuesta-Barriuso 2013; Parhampour 2014).

Primary outcomes
1. Bleed frequency

Neitherincluded study reported bleed frequency before or after the
interventions.

2. Adverse events

Neitherincluded study reported adverse events related to the study
interventions.

3. Quality of life

Neither included study reported quality of life.

Secondary outcomes
1. Balance or proprioception (or both)

Neither included study reported on balance or proprioception.

2. Aerobic activity

Neither included study reported aerobic activity as a result of the
interventions.

3. Joint health status

One study used the 'Modified Colorado Score' to assess status of
elbows, knees and ankles in 25 participants (Parhampour 2014).

Interventions consisted of a six-week study of resistance training (n
=13) compared to the control group (no intervention) (n = 12).

A positive effect using the 'Modified Colorado Questionnaire'
is reported as a reduction in score. Statistically significant
improvements were demonstrated in the resistance training group
as compared to the control in measures of joint health status of
the elbows, MD -1.21 points (95% Cl -2.14 to -0.28 points), knees,
MD -3.42 points (95% ClI -4.82 to -2.02 points) and ankles, MD -1.65
points (95% CI -2.51 to -0.79) (Analysis 1.1) (Parhampour 2014).

4. Pain intensity

Pain intensity was measured using a visual analog scale with an
improvement in pain reported as a decreased in VAS score.

The Cuesta-Barriuso study (n = 18 - but data relate to 30 joints
(16 in exercise group and 14 in the control group)), reported
the effects of exercise as compared to no intervention on pain
intensity after 12 weeks of treatment (Cuesta-Barriuso 2013).
The study compared an exercise intervention which consisted
of proprioceptive neuromuscular facilitation of the elbow joint
(combined with joint traction) versus no exercise. We are unable
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to enter the data into the 'Data and analyses' section, given
the unit of analysis issue (data on number of elbows available,
not the number of participants) but the abstract described an
"observed improvement (P < 0.05) on the .... pain perception of
elbow" favouring the exercise group (Cuesta-Barriuso 2013). The
data reported in the abstract for the perception of elbow pain
(VAS) are presented in an additional table (Table 1) (Cuesta-Barriuso
2013).

5. Functional status

Neither included study reported on functional status as a result of
the interventions.

6. Range of motion
Joint flexion

The Cuesta-Barriuso study (n = 18 - but data relate to 30 joints
(16 in exercise group and 14 in the control group)) reported on
this outcome. The exercise intervention consisted of joint traction
and proprioceptive neuromuscular facilitation of the elbow joint
and reported the effects of exercise (n = 9) as compared to no
intervention (control, n =9) on range of motion or joint flexion. We
are unable to enter the data into the 'Data and analyses' section,
given the unit of analysisissue (data on number of elbows available,
not the number of participants) but it was reported in the abstract
that there was an "observed improvement (P < 0.05) on the ....
flexion of elbow". The data reported in the abstract are presented
in an additional table (Table 1) (Cuesta-Barriuso 2013).

Joint extension

The Cuesta-Barriuso study also reported on the effects of exercise
as compared to no intervention on range of motion or joint
extension after 12 weeks of treatment (Cuesta-Barriuso 2013). We
are unable to enter the data into RevMan given the unit of analysis
issue (data on number of elbows available, not the number of
participants). The data reported in the abstract are presented in an
additional table (Table 1) (Cuesta-Barriuso 2013).

7. Biceps perimeter

The Cuesta-Barriuso study (n = 18 participants with 30 elbows as
the unit of analysis) reported the effectiveness of joint traction
and proprioceptive neuromuscular facilitation (n = 16 elbows)
as compared to no intervention (control, n = 14 elbows) on the
perimeter of the biceps muscle following a 12-week intervention
period (Cuesta-Barriuso 2013). We are unable to enter the data
into the 'Data and analyses' section, given the unit of analysis
issue (data on number of elbows available, not the number of
participants). The data reported in the abstract are presented in an
additional table (Table 1) (Cuesta-Barriuso 2013).

8. Strength

One study (n =18 participants with 30 elbows as the unit of analysis)
compared joint traction and proprioceptive neuromuscular
facilitation (n = 16 elbows) to no intervention (control, n = 14
elbows) to investigate the effects on biceps strength (Cuesta-
Barriuso 2013). We are unable to enter the data into the 'Data and
analyses' section, given the unit of analysis issue (data on number
of elbows available, not the number of participants). The data
reported in the abstract are presented in an additional table (Table
1) (Cuesta-Barriuso 2013).

9. Knee circumference

Neither included study reported on knee joint circumference as a
result of the interventions.

Exercise A versus Exercise B

Five studies (n = 147) were included in this comparison (Abd-
Elmonem 2014; Eid 2014; Mazloum 2014; Mohamed 2015; Zaky
2013).

Three studies used a standardized exercise program for both groups
("Exercise A") then added additional exercises for one of the groups
("Exercise B") (Abd-Elmonem 2014; Eid 2014; Zaky 2013).

Two studies used a different exercise program for each group
(Mazloum 2014; Mohamed 2015).

The components of all of the exercise programs and the differences
between the groups are summarized in an additional table (Table
2).

Primary outcomes
1. Bleed frequency

None of the included studies reported bleed frequency.

2. Adverse events

None of the included studies reported on adverse effects

3. Quality of life

None of the included studies reported on quality of life.

Secondary outcomes
1. Balance or proprioception (or both)

The Mohamed study (n = 30) reported the effects of bicycle
ergometry and treadmill training on balance and gait parametersin
children with haemophilia (Mohamed 2015). Both groups received
the same physical activity program and were then randomized into
either the bicycle (n = 15) or the treadmill group (n = 15) (Mohamed
2015). The group that performed aerobic exercise training on the
treadmill combined with the physical activity program significantly
improved balance after three months of successive treatment in
terms of overall stability index, MD 0.25 points (95% CI 0.19 to 0.31
points), anterior-posterior stability index, MD 0.35 points (95% Cl
0.27 t0 0.43 points) and medio-lateral stability index, MD 0.24 points
(C195% 0.17 to 0.31 points) (Analysis 2.1) (Mohamed 2015).

2. Aerobic activity

None of the included studies reported on aerobic activity.

3. Joint health status measured via a validated outcome measure

None of the included studies reported joint health status.

4. Pain

The Mazloum study investigated the effects of the land-based
exercise program (n = 13) described above compared to an aquatic-
based exercise program (n = 14) on pain intensity (Mazloum 2014).
The aquatic-based exercise program consisted of five minutes
of warm up involving rhythmic movement of the lower limb
in water, followed by 30 to 45 minutes of hamstring stretching
and quadriceps strengthening in water followed by a five-minute
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cool down of stretching exercises in water. The aquatic-based
exercise program group demonstrated a statistically significant
improvement in pain intensity following the four-week study
period, MD 0.80 VAS (95% Cl 0.41 to 1.19 VAS) (Analysis 2.2)
(Mazloum 2014).

5. Functional status

The Zaky study (n = 30) investigated the effects of a partial weight
bearing exercise program plus a quadriceps exercise training
program (n = 15) compared to the quadriceps exercise training
program alone (n = 15) using the six-minute walk test as a measure
of functional status (Zaky 2013). An increase in the distance
walked in six minutes is indicative of improvement. The six-minute
walk test was measured before and after a six-week intervention
period. A statistically significant improvement favouring the partial
weight bearing program plus the quadriceps training program
was demonstrated, MD 2.60 metres (95% Cl 0.08 to 5.12 metres)
(Analysis 2.3) (Zaky 2013).

6. Range of motion

The Mazloum study also investigated the effects of the land-
based exercise program (n = 13) described above compared to an
aquatic-based exercise program (n = 14) on range of motion or
joint flexion. The aquatic-based exercise program consisted of five
minutes of warm up involving rhythmic movement of the lower
limb in water, followed by 30 to 45 minutes of hamstring stretching
and quadriceps strengthening in water followed by a five-minute
cool down of stretching exercises in water (Mazloum 2014). No
significant difference was demonstrated between the land-based
exercise program and the aquatic program on range of motion or
joint flexion and extension following the four-week study period
with the following results: flexion, MD 0.20 degrees (95% CI -5.61
to 6.01 degrees); and extension MD -0.10 (95% Cl -1.59 to1.39)
(Analysis 2.4) (Mazloum 2014).

7. Biceps perimeter

None of the included studies reported on biceps perimeter.

8. Strength

Muscle strength was evaluated in three studies (n = 90) in which
an exercise intervention (n = 45) was compared to another exercise
intervention (control n = 45) (Abd-Elmonem 2014; Eid 2014; Zaky
2013).

In the Zaky study, the effects of a partial weight bearing exercise
program plus a quadriceps exercise training program (n = 15)
compared to the quadriceps exercise training program alone (n
= 15) on knee extensor muscle strength was investigated (Zaky
2013). The Eid study investigated the effects on knee extensor
muscle strength of a physical therapy program including stretching,
strengtheningand aerobic activity (n=15) versus the same program
with the addition of bicycle ergometry and weight resistance (n
= 15) (Eid 2014). The Abd-Elmonem study compared a control
group (n = 15) who received an exercise therapy program including
ultrasound, stretching and strengthening exercises with a study
group (n = 15) who received the same program plus treadmill
training.

Strength outcomes demonstrated a significant improvement for
the study groups over the control groups in all outcome measures
of strength including knee extensor and flexor strength (Analysis

2.5) (Abd-Elmonem 2014; Eid 2014; Zaky 2013). In the Zaky study, as
measured in force in kg, MD 6.40 (95% Cl 4.81 to 7.99); in the Abd-
Elmonem study, peak torque of the knee extensors at 60 degrees
per second, MD 4.31 (95% CI 2.5 to 5.87); in the Abd-Elmonem and
Eid studies combined at 120 degrees per second, MD 12.75 (95% ClI
1.46 to 24.04) (Analysis 2.5).

A statistically significant improvement of knee flexor strength was
also demonstrated in favour of the exercise groups (Analysis 2.5)
(Abd-Elmonem 2014; Eid 2014). In the Abd-Elmonem study, peak
torque of the knee flexors at 60 degrees per second, MD 4.31 (95% ClI
3.20t0 5.42); in the Abd-Elmonem and Eid studies combined at 120
degrees per second, MD 9.12 (95% Cl 6.74 to 11.51) (Analysis 2.5).

9. Knee circumference

In the Abd-Elmonem study (n = 30) a exercise program consisting
of stretching, strengthening and therapeutic ultrasound (n = 15)
was compared to the same exercise program plus the addition of
treadmill walking (n = 15) on knee circumference which was used
as a measure of knee effusion (Abd-Elmonem 2014). A significant
improvement in knee circumference was demonstrated in the
treadmill walking group as compared to the exercise group, MD
2.70 (95% Cl 2.20 to 3.20) (Analysis 2.6) (Abd-Elmonem 2014). Units
of measurement for knee circumference were not provided by the
study authors.

Exercise alone versus exercise plus electrophysical modality
One study (n = 25) was included in this comparison (Parhampour
2014)

Primary outcomes

1. Bleed frequency (number of major bleeds reported per year, month,
or week)

The included study did not report on bleed frequency.

2. Adverse events (e.g. bleed following exercise, worsening of
symptoms)

The included study did not report on adverse events.
3. Quality of life

The included study did not report on quality of life.

Secondary outcomes
1. Balance or proprioception (or both)

The included study did not report on balance or proprioception.

2. Aerobic activity

The included study did not report on aerobic activity.

3. Joint health status measured via a validated outcome measure

Theincluded study used the Modified Colorado Score to assess joint
health status (Parhampour 2014).

A statistically significant improvement was noted in the
ankle scores favouring the resistance training plus pulsed
electromagnetic fields group over the resistance training group, MD
0.90 points (95% Cl 0.07 to 1.73 points) (Analysis 3.1) (Parhampour
2014).
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No significant differences were found between the resistance
training group and the resistance training plus pulsed
electromagnetic fields group for the elbows, MD 0.35 points (95% Cl
-0.70 to 1.40 points) or knees, MD 0.75 points (95% CI -0.47 to 1.97
points) (Analysis 3.1) (Parhampour 2014).

4, Pain

The included study did not report on pain.

5. Functional status

The included study did not report functional status.

6. Range of motion

The included study did not report on range of motion.

7. Biceps perimeter

The included study did not report on biceps perimeter.

8. Strength

The included study did not report on strength.

9. Knee circumference

The included study did not report on knee circumference.

Hydrotherapy versus no exercise

One study (n = 20) was included in this comparison (Kargarfard
2013). The study authors completed an analysis of covariance
(ANCOVA) to make comparisons, between experimental and control
groups on post-test scores adjusted for differences in pre-test
scores (Kargarfard 2013). Unfortunately, we were unable to
calculate differences as the baseline data for the control group
were not available in the publication. We have contacted the study
authors in an attempt to obtain the baseline data and if successful
we will include these in the next update of this review.

Primary outcomes

1. Bleed frequency

The included study did not report on bleed frequency.

2. Adverse events

The included study did not report on adverse events.

3. Quality of life

The included study did not report on quality of life.
Secondary outcomes

1. Balance or proprioception (or both)

The included study did not report on balance or proprioception.
2. Aerobic activity

The included study did not report on aerobic activity.

3. Joint health status measured via a validated outcome measure
The included study did not report on joint health status.

4, Pain

The included study did not report on pain.

5. Functional status

The included study did not report functional status.

6. Range of motion

The study presented data for range of motion (flexion and
extension) comparing an aquatic exercise therapy group (n =
10) (40 to 60 minutes per week for eight weeks) to a control
group (n = 10) who did not participate in any physical activity
for a period of eight weeks. The covariance analysis test in this
study demonstrated a statistically significantimprovementin range
of motion in the experimental compared to the control group;
however, as mentioned above we were unable to calculate the MD,
SD and 95% Cl since data were missing (Kargarfard 2013).

7. Biceps perimeter

The included study did not report on biceps perimeter.

8. Strength

The Kargarfard study presented data for knee flexor and extensor
strength comparing an aquatic exercise therapy group (n = 10)
(40 to 60 minutes per week for eight weeks) to a control group
(n = 10) who did not participate in any physical activity for a
period of eight weeks. The covariance analysis test in this study
demonstrated a statistically significant improvement in both knee
flexor and extensor strength in the experimental compared to the
control group; however, as mentioned above we were unable to
calculate MD, SD and 95% Cl since data were missing (Kargarfard
2013).

9. Knee circumference

The included study did not report on knee circumference.
DISCUSSION

Summary of main results

Eight studies were included, which represented 233 males with
all severities of haemophilia A and B, ranging in age from eight
to 49 years. Study durations were from four to 12 weeks. Exercise
interventions varied greatly and included resisted exercises,
isometric exercises, bicycle ergometry, treadmill walking and
hydrotherapy, making comparisons between studies difficult.

The general risk of bias was unclear. None of these studies
measured or reported outcomes regarding bleed frequency or
quality of life. No adverse events related to the interventions were
measured or reported. None of the studies reported outcomes
regarding aerobic activity.

All studies favoured exercise to no intervention for most of the
outcome measures that were assessed. One study reported that
six weeks of resistance training improved joint health status
(Colorado score) compared to controls. The addition of pulsed
electromagnetic fields also improved ankle scores compared to
exercises alone, but this was not seen in the elbows or knees.

One study reported that hydrotherapy exercises produced
statistically significant improvements in joint range of motion and
knee flexor and extensor strength in the exercise group compared
to controls.
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One study, comparing joint traction and the proprioceptive
neuromuscular facilitation (PNF) technique for the elbow to a
control group, showed no differences in biceps girth or biceps
strength after 12 weeks of intervention.

Some studies reported comparisons between interventions. In one
study, treadmill training significantly improved balance in children
compared to bicycle ergometry. Another study added a partial
weight bearing exercise program to a quadriceps exercise program
and showed improved walking tolerance.

Four studies evaluated quadriceps or hamstring strength (or
both). Addition of bicycle ergometry and exercises with weights
was more effective than static exercises and treadmill walking
for strengthening knee flexors and extensors. Partial weight
bearing exercises through range (leg presses in supine against
a wall or therapy ball, bridging exercises in supine) were more
effective than static and short arc exercises for improving knee
extensor strength. The addition of treadmill walking to ultrasound,
stretching and strengthening exercises showed increased peak
torque of knee flexors and extensors and decrease in knee effusion
(circumference).

Most exercise interventions produced improvement in one or more
measured outcomes including pain, range of motion, strength and
walking tolerance. Hydrotherapy may be more effective than land
exercises for pain relief in adults. Functional exercises such as
treadmill walking and partial weight bearing exercises seem to
be more effective than static or short arc exercises for improving
muscle strength. These findings would be consistent with the many
non-controlled intervention reports in the haemophilia literature.

No adverse effects, new bleeds or dropouts due to injury were
reported due to any of the interventions. However, it should
be noted that some groups used prophylactic factor prior to
exercise and other groups studied only subjects with moderate
haemophilia. Therefore, application of these techniques to persons
with severe haemophilia, especially to those without access
to prophylactic clotting factor, should still be approached with
caution.

Overall completeness and applicability of evidence

Overall, the results demonstrate a large degree of heterogeneity in
interventions and outcomes and limit the ability to demonstrate a
clear preference of one type of exercise program over another.

Outcome measures that were reported upon measured impairment
or function of the musculoskeletal system and none of the included
studies provided reports of quality of life, effect on bleeding
frequency or participation in age-appropriate societal activities.
Further, there was a lack of information regarding prophylaxis or
on-demand treatment regimens and the impact that access to
factor replacement treatment has on the ability or willingness to
exercise. The general risk of bias was assessed as unclear. No
adverse events related to the interventions were reported. None of
the studies reported outcomes regarding aerobic activity.

Exercise interventions varied greatly and included resisted
exercises, isometric exercises, partial weight-bearing exercises,
bicycle ergometry, treadmill walking and hydrotherapy, making
comparisons between studies difficult. Also, variability in the
outcome measures used to demonstrate treatment effect
negatively affects the confidence of our findings due to the inability

to pool amongst studies. Lastly, due to the lack of reported data on
intra-subject variability we were unable to account for this when
assessing the variability of the variation over time. This limitation
results in the over estimation of the variability of participant change
scores and wider confidence intervals of the pooled results which
may have impacted statistical significance. However, the authors
believe that this method is more conservative and we may have
missed an effect where one is there, but would not have resulted
in finding a spurious effect, which we considered an acceptable
limitation.

All studies in this review favoured exercise to no intervention or
control for all secondary outcome measures with the exception of
biceps perimeter and biceps strength. One study reported that six
weeks of resistance training improved joint health status (Colorado
score) compared to controls (Parhampour 2014). The addition
of pulsed electromagnetic fields also improved ankle scores
compared to exercises alone, but this was not seen in the elbows
or knees (Parhampour 2014). One study reported statistically
significant improvements in pain intensity, favouring the exercise
group over controls after the exercise interventions (Cuesta-
Barriuso 2013). This study also reported statistically significant
improvements on range of motion or joint flexion, and range of
motion or joint extension, favouring the exercise groups (Cuesta-
Barriuso 2013). In this study the exercise intervention consisted of
joint traction and PNF of the elbow joint (Cuesta-Barriuso 2013).
These results indicate that exercise interventions have a positive
impact on pain palliation, joint range of motion and joint health
status over that of no intervention or control.

When comparing one type of exercise intervention to another type
of exercise intervention, all secondary outcome measures with the
exception of range of motion or joint flexion or joint extension
demonstrated statistical significance of one exercise program over
the other as described below.

When analyzing the results of the comparison of one exercise
intervention to an exercise intervention plus an add-on modality
this review demonstrated an improvement in joint health status
of the ankles, but not knees or elbows, and also demonstrated
an improvement in secondary outcome measures of strength and
knee circumference.

Again, these results demonstrate a large degree of heterogeneity in
interventions and outcomes and limit the interpretation of effects.

The fourth and final comparison of hydrotherapy versus
no intervention or control reported a statistically significant
improvement in range of motion and knee flexor and extensor
strength via covariant analysis; however, as mentioned above, we
were unable to calculate the mean difference, standard deviation
and 95% confidence interval due to the missing data (Kargarfard
2013).

Quality of the evidence

There are few randomized controlled studies addressing exercise
for people with haemophilia. The quality of the eight studies
included in this review was graded according to the standardized
risk of bias tool as described in the Cochrane Handbook of
Systematic Reviews of Interventions (Higgins 2011a). As a result
of the heterogeneity of study populations, interventions and
outcomes it was difficult to accurately determine study quality. This
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is further illustrated by the inability to pool data for quantitative
analysis of the primary outcomes.

Three studies did not specify type or severity of haemophilia
(Kargarfard 2013; Mohamed 2015; Zaky 2013). Four studies
included only people with moderate haemophilia (Abd-Elmonem
2014; Eid 2014; Kargarfard 2013; Zaky 2013). Three studies included
all (Mazloum 2014; Mohamed 2015) or mixed (Cuesta-Barriuso
2013) severities of haemophilia. Two studies included participants
with both haemophilia A and B (Abd-Elmonem 2014; Cuesta-
Barriuso 2013). In one study participants were asked "to take their
clotting factor prior to participating" (Mazloum 2014). Only one
study limited their participants to severe haemophilia, and these
also had osteoporosis (Parhampour 2014). Therefore, it is not clear
whether the same results would be achieved if, for example, only
individuals with severe haemophilia A were studied.

Some of the outcome measures that were chosen were not
used appropriately. For example, one study used the Modified
Colorado Hemophilia PEDIATRIC Physical Examination Scale for
an ADULT cohort (Parhampour 2014), another study evaluated
an exercise intervention using biceps perimeter as a measure of
muscle strength (Cuesta-Barriuso 2013). However, biceps perimeter
does not correlate with muscle strength or function. Also units of
measurement for the biceps perimeter (Cuesta-Barriuso 2013) and
knee circumference (Abd-Elmonem 2014) were not provided by the
study authors.

The results should be interpreted with caution due to the Quality
of Evidence (GRADE) as outlined in the summary of finding tables
which demonstrate that all but one of the outcomes assessed were
rated as "low" or "very low" due to small sample sizes and potential
bias (Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3; Summary of findings 4).

Potential biases in the review process

Many different types of exercise interventions and outcomes were
included in this review. This may produce potential biases in
the review process as some methods of exercise were better
described to allow for replication, and many outcome assessments
were not completed using valid and reliable outcome measures.
For example, in one of the studies a measure of joint health,
the Modified Colorado Hemophilia Pediatric Physical examination
Scale was used to evaluate an adult population; however, this
outcome measure has only been validated in children.

Agreements and disagreements with other studies or
reviews

The findings of this review, which was limited to full-text or
abstracts of randomized, controlled studies only, are consistent
with the findings of two recent comprehensive review articles
whichincluded a wider range of study designs (Gomis 2009; Negrier
2013). These authors reviewed the benefits and and effectiveness
of exercise, and also concluded that exercise can have a positive
effect on physical well-being. The authors further commented
on emotional and social well-being, but this current review was
unable to draw any conclusions in this regard due to lack of data.
The authors also commented on the lack of rigorously designed
trials, methodological drawbacks, and low levels of evidence in the
existing literature.

AUTHORS' CONCLUSIONS

Implications for practice

These results must be considered with caution. There is a lack
of confidence in the results due to the small number of included
studies and theinability to pool the results due to the heterogeneity
of interventions and outcome measures used. Very few studies
provided sufficient information for comparison.

All studies favoured some form of exercise to no intervention for
most of the assessed outcome measures and none of the studies
reported data favoured the control group.

Hydrotherapy may be more effective than land exercises for pain
relief in adults. Functional exercises such as treadmill walking and
partial weight bearing exercises seem to be more effective than
static or short arc exercises for improving muscle strength.

No adverse effects, changes in bleeding frequency or bleeding
due to the exercise interventions used, were reported in any of
the studies. However, it is impossible to conclude whether these
interventions are safe for all people with severe haemophilia.
Only one study specifically selected participants with severe
haemophilia (who also had osteoporosis). The other studies looked
at children with moderate haemophilia, or mixed participants
of all severities within the same groups. Therefore, it is our
contention that caution should be used when prescribing exercise
for individuals with severe haemophilia, especially where factor
replacement is limited. Further, optimal timing, dosage and types
of exercise are yet to be determined.

Implications for research

The challenges of conducting randomized controlled studies
with this population are large; haemophilia is a rare condition,
best managed in large comprehensive treatment centres. The
ordinary challenges of daily living are compounded greatly when
haemophilia is added to the picture: financial burden, time lost
from work or school, the stress of pain and limited ability are all
significant factors. Researchers must be sensitive to the increased
burden associated with participation in an ongoing research
project. The authors of the selected studies should be commended
for their efforts but it is apparent that there is a need for more well-
designed clinical studies with larger numbers of participants.

Future studies should aim to:

« continue to evaluate safety of different forms of exercise,
especially for those with severe haemophilia and inhibitors and
those with access only to factor on demand (versus access to
prophylactic factor);

« homogenize participants by disease (A and B) and severity (mild,
moderate, severe), as well as joint status and age;

« have clear intervention protocols, including frequency and
intensity of exercise, and matched control groups;

« ensure that comparisons between groups are comparing
equivalent items;

« use standardized outcome measures that have established
psychometric properties and apply them correctly;

+ develop a core set of internationally accepted outcome
assessments that evaluate the musculoskeletal complications
of the disease (e.g. achieve an international consensus on
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Abd-Elmonem 2014

Methods Randomized controlled study.

Participants 30 boys with moderate A and B, unilateral knee haemarthrosis, 8 - 12 years of age. Exclusion criteria:
acute bleeds, advanced radiologic changes, congenital or acquired skeletal deformities.

Interventions Both groups: exercise stretching and strengthening, ultrasound for 1 hour, 5 days per week.

Exercise group: in addition to the above performed ambulation on treadmill: speed 1.5 km/hr no in-
cline for 5 min as a warm up, 20 minutes of exercise 3 km/hr 10 degree incline, cool down 1.5 km/hr no
incline for 30 min.

Duration of study: 3 months.

Outcomes Strength assessment with the Biodex Isokinetic Dynamometer: isokinetic pre- and post-test at 2 differ-
ent velocities, peak torque of knee flexors and peak torque of knee extensors; knee circumference.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Quote: "They were divided randomly into two groups of equal numbers."

tion (selection bias)
Comment: method of randomization was not reported.

Allocation concealment Unclear risk Comment: no information was reported re allocation concealment.
(selection bias)
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Abd-Elmonem 2014 (Continued)

Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Quote: "Isokinetic pre-test and post-test measurements....were performed on
(attrition bias) every child...".
All outcomes
Comment: not reported whether joint circumference was measured on every
child.
Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)
Other bias Low risk No other sources of bias were identified.

Cuesta-Barriuso 2013

Methods

Randomized controlled study.

Participants

18 participants, 14 haemophilia A, 4 haemophilia B; 11 with severe haemophilia, 7 with mild; 9 partici-
pants in intervention group, 9 participants in control resulting in 16 elbows in the intervention and 14

elbows in the control.

Interventions

Intervention group: traction and PNF, control group: no intervention.

12 week intervention, 2 times per week, 1 hour session , evaluation pre-, post- and 6-month follow up.

Outcomes ROM, strength, pain, circumference.
Notes Elbows only.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Quote: "randomized trial with two groups".
tion (selection bias)
Comment: not reported how participants were randomized.
Allocation concealment Unclear risk Comment: not reported if or how randomization was concealed.
(selection bias)
Blinding of participants Unclear risk Comment: not reported whether participants were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Quote: "Three blind evaluators assessed: ROM, biceps perimeter, biceps

sessment (detection bias)
All outcomes

strength, pain."
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Cuesta-Barriuso 2013 (Continued)

Incomplete outcome data  Unclear risk Comment: not reported whether all participants completed all measurements.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)
Other bias Low risk No other sources of bias were identified.
Eid 2014
Methods Randomized controlled study.

Participants

30 boys with moderate haemophilia A, 10 - 14 years.

Participants equally divided between intervention and control.

Interventions

Control and experimental group: gentle stretching for tight muscle groups around elbow, knee, ankle
for 15 min, isometric contractions knees, ankles, elbows 15 min, aerobic exercise on treadmill 30 min.
1 hr, 3 times per week. In addition to this, the experimental group also received bicycle ergometry 20
min, resistance training with sand bags 20 min. Total time for experimental group was 1 hr 40 min, con-
trol group 1 hr.

Intervention period: 3 successive months.

Outcomes BMD, muscle strength and function, Biodex Isokinetic Dynamometer (knee flexor/extensor peak
torque) 6MWT, DEXA.
Notes Lots of detail of intervention protocol.
Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Comment: participants were "assigned randomly" not reported how alloca-
tion (selection bias) tion sequence was generated.
Allocation concealment Unclear risk Comment: not reported how allocation was concealed.
(selection bias)
Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Comment: not reported whether all participants completed each outcome as-
(attrition bias) sessment.
All outcomes
Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)
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Eid 2014 (Continued)

Other bias Low risk No other sources of bias were identified.
Kargarfard 2013
Methods Semi-experimental, 8-week intervention.
Participants 20 men (ages not specified, although mean ages are given) with moderate haemophilia.
Interventions Experimental group: 24 sessions 3x per week, 40 - 60 min, increase time and quality of exercise at each

session. Sessions consisted of 3 sections: warm up, main part and cool down. Warm up aerobic activity
50% - 74% of HR predicted. Main part: 10 simple movements (5UE, 5LE) in water: 1 min for each move-
ment maximum power as pain allowed. Cool down: individualized stretching program.

Control group: no intervention.
Each session (3 times per week) lasted 45 - 60 min.

Duration of study: 8 weeks.

Outcomes Muscle strength (Biodex Isokinetic Dynamometer, knees only), ROM (standard goniometer, inactive
range: elbows, knees, ankles), heart rate before and during.

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Comment: not reported how allocation sequence was generated.

tion (selection bias)

Allocation concealment Unclear risk Comment: not reported how allocation was concealed.
(selection bias)

Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Comment: not reported whether all participants completed each outcome as-
(attrition bias) sessment.
All outcomes

Selective reporting (re- High risk Comment: reference is made to administration of a questionnaire post-treat-
porting bias) ment; results were not reported.
Other bias Low risk No other sources of bias were identified.
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Mazloum 2014

Methods

Quasi-experimental, prospective study design, randomized into 2 groups, with the addition of a non-
randomized control group (data from this arm (n = 13) not used in this review).

Participants

40 participants, haemophilia A, all severities, < 50 years of age. 13 exercise, 14 hydro, 13 control (not
randomized). 43 started in protocol, 3 dropouts.

Inclusion criteria: haemophilia, ability to participate, impaired knee ROM.

Exclusion criteria: surgery 6 weeks prior, participation in sports or other exercises, severe haemorrhage
despite factors, open wounds, sensibility to aquatic therapy.

Interventions

4 week hydrotherapy program vs exercise vs control.

Hydrotherapy: co-ordinated and rhythmic movement of lower limb in water (warm-up), hamstring
stretches, quad strengthening.

Exercise: stretches for muscles around the knee joint (warm up), isometrics progressing to isotonics,
hamstring stretches, quad strengthening.

Control: regular lifestyle. NOTE: this group was not randomized, therefore data from this arm not used
in the review.

** Only difference between intervention groups is the warm up: hydrotherapy and stretches for mus-
cles around the knee joint.

Duration of study: 4 weeks.

Outcomes Pain before and after interventions, ROM knee flexion and extension.
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Comment: not reported how participants were randomized.
tion (selection bias)
Allocation concealment Unclear risk Comment: not reported how allocation was concealed.
(selection bias)
Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Comment: data for 3 participants who did not complete the intervention were
(attrition bias) not included in the analysis and were reported by the authors but they did not
All outcomes report from which group the drop outs occurred, therefore characterized as
unclear risk.
Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)
Other bias Low risk No other sources of bias were identified.
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Mohamed 2015

Methods

Prospective randomized controlled study, no blinding.

Participants

30 boys with mild or moderate haemophilia, ages ranged from 10 - 14 years. Participants were random-
ly assigned to group A (bicycle ergometer + exercise, n = 15) or group B (treadmill training + exercise, n
=15).

Interventions

Group A received exercise program and bicycle ergometry, Group B received exercise program and
treadmill training. Both groups received treatment sessions 3 times per week for 3 successive months.

Outcomes Stability or balance and kinematic gait parameters were evaluated before and after 3 successive
months of treatment using the Biodex Stability System and the Biodex Gait trainer 2TM.
Notes
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Comment: randomization was done by having the participants draw an enve-
tion (selection bias) lope which contained a card indicating either group A or group B
Allocation concealment Low risk Comment: each participant drew a sealed envelope.
(selection bias)
Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk Comment: not reported whether all participants completed each outcome as-
(attrition bias) sessment.
All outcomes
Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)
Other bias Low risk No other sources of bias were identified.
Parhampour 2014
Methods Randomized controlled study.

Participants

Inclusion criteria: severe haemophilia A, BMI 22 - 29, no inhibitor, t-score < 2.5, willingness to comply
with the design, regular patient at clinic. Age 20 - 35 years.

Exclusion criteria: target joint preventing resistance training, hepatitis B or C, thyroid disorder, steroids,
regular physical training more than 2x per week in preceding 6 months, hormone therapy, drugs that
influence bone metabolism, hypertension, other orthopedic that might limit ability to participate in re-
sistance training.
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70 enrolled in study; 22 excluded based on inclusion criteria; 48 remaining and were randomly assigned
to 4 groups.

1. RT only: 13 participants.

2. RT with PEMF: 12 participants.

3. PEMF only: 11 participants.

4. Control no resistance and no PEMF: 12 participants.

Within random allocation participants with low t-scores were evenly distributed within the groups.

Duration of study: 6 weeks.

Interventions

Resistance training involved 18 sessions over 6 weeks, 3 times a week, 30 - 40 min, resistance was set
based on 1 repetition max (started at 50%, increased to 55%, finished at 60%), 10 reps during weeks 1,
3, 5. 15 reps during weeks 2, 4, 6, amount of rest time was specified.

RT only: after exercises received 30 min of placebo PEMF, very good description of exercises provided.

RT and PEMF group: 5 reps of each exercise in 1, 3,5 and 10 reps in weeks 2, 4, 6. After the training pro-
gram participants received 30 min of PEMF, parameters described.

PEMF: no exercise training, 6 weeks of PEMF 1 hour per session over 6 weeks.

Control group: no intervention.

Outcomes Body fat percentage.
Modified Colorado Scale, Pediatric (ROM, strength, pain, etc).
Blood work for bone biomarkers.
Notes Conclude that pain is improved but unable to find raw data in results.
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Quote: "randomization (using computerized blocks) was carried out....".

tion (selection bias)

Allocation concealment Low risk Comment: randomization was carried out by an independent person, not in-

(selection bias) volved in the research project.

Blinding of participants Unclear risk Quote: "all patients were blinded to the groupings but the investigator for the

and personnel (perfor- modified Colorado Questionnaire was not masked to the group assignment.".

mance bias)

All outcomes Comment: extent to which this unblinded assessment may have influenced
outcomes is unclear.

Blinding of outcome as- Unclear risk Quote: "the investigator for the modified Colorado Questionnaire was not

sessment (detection bias) masked to the group assignment.".

All outcomes
Comment: extent to which this unblinded assessment may have influenced
outcomes is unclear.

Incomplete outcome data  Low risk Quote: "Five patients did not complete the project.".

(attrition bias)
All outcomes

Comment: 10% overall dropout rate. Not reported how incomplete data were
handled.
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Parhampour 2014 (Continued)

Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)

Other bias Low risk No other sources of bias were identified.
Zaky 2013
Methods Participants were randomly assigned into 2 equal groups.
Participants 30 boys with moderate haemophilia aged 8 - 12 years; randomly assigned into 2 equal groups.
Interventions Control group: quadriceps training exercise program.

Treatment group: as above plus partial weight bearing program.

Study duration: 3 time a week for 6 weeks.

Outcomes Manual muscle strength testing of quadriceps (Lafayette Manual Muscle Test system); 6MWT.
Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Comment: not reported how allocation sequence was generated.

tion (selection bias)

Allocation concealment Unclear risk Comment: not reported how allocation was concealed.
(selection bias)

Blinding of participants Unclear risk Comment: not reported whether personnel or participants were blinded.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Comment: not reported whether assessors of outcome were blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Comment: not reported whether all participants completed each outcome as-
(attrition bias) sessment.
All outcomes

Selective reporting (re- Unclear risk Insufficient information provided to make judgement of low or high risk.
porting bias)

Other bias Low risk No other sources of bias were identified.

PEMF: pulsed electromagnetic fields but no resistance training
PNF: proprioceptive neuromuscular facilitation

ROM: range of movement

RT: resistance training

6MWT: 6-minute walk test
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Characteristics of excluded studies [ordered by study ID]

Study

Reason for exclusion

Czepa 2013

Not randomized.

Greene 1983

No control group.

Hilberg 2003

No control group.

Khriesat 2000

No control group.

Mulvany 2010

No control group.

Vallejo 2010

No control group.

Von Mackensen 2012

Not randomized.

Characteristics of studies awaiting assessment [ordered by study ID]

Cuesta-Barriuso 2014

Methods

Randomized study.

Participants

31 participants with haemophilia A or B and with haemophilic arthropathy in one or both ankles.

Interventions

Manual therapy group (articular traction, passive stretching of the gastrocnemius muscles, and ex-
ercises for muscle strength and proprioception), an educational group (educational sessions and
home exercises) and a control group.

Outcomes

Range of motion, gastrocnemius muscle circumference, muscular strength of the gastrocnemius
muscles, pain perception, radiological assessment of joint deterioration.

Notes

Cuesta-Barriuso 2015

Methods

Randomized study.

Participants

People with haemophilia.

Interventions

Experimental group: received training sessions on the clinical features of haemophilia and the
management of musculoskeletal limitations of haemophilic arthropathy, plus home exercises.

Control group: no intervention.

Outcomes

Physical state (Gilbert score), A36 haemophilia-QoL and IBQ.

Notes
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Firoozabadi 2012

Methods Quasi-experimental, cross-sectional study.

Participants 20 participants with haemophilia A from the Isfahan Hemophiliac Center.

Interventions Exercise therapy program versus a "control group".

Outcomes 6MWT; Beck Anxiety Inventory; range of movement measurements were done on 10 joints.
Notes

IBQ: illness behaviour questionnaire
QoL: quality of life
6MWT: 6-minute walk test

DATA AND ANALYSES

Comparison 1. Exercise versus no intervention

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 Colorado score 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
1.1 elbow 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0, 0.0]

1.2 knee 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]

1.3 ankles 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]

Analysis 1.1. Comparison 1 Exercise versus no intervention, Outcome 1 Colorado score.

Study or subgroup Exercise No intervention Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.1.1 elbow
Parhampour 2014 13 -1.2(1.2) 12 -0(1.2) — -1.21[-2.14,-0.28]
1.1.2 knee
Parhampour 2014 13 -3.8(1.6) 12 -0.4(2) —t -3.42[-4.82,-2.02]
1.1.3 ankles
Parhampour 2014 13 -1.6(1.1) 12 0(1.1) — -1.65[-2.51,-0.79]

Favours exercise 5 2.5 0 25 5 Favours no intervention
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Comparison 2. Exercise A versus Exercise B

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants
1 Balance (Biodex Stability 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
System)
1.1 overall stability index 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
1.2 anterior-posterior stabil- 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
ity index
1.3 medio-lateral stability 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
index
2 Pain 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
3 6-min walk: distance 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
4 Range of motion: flexion 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
4.1 flexion 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
4.2 extension 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
5 Muscle strength 3 Mean Difference (IV, Random, 95% CI)  Subtotals only
5.1 extensors (force in kg) 1 30 Mean Difference (IV, Random, 95% Cl)  6.40 [4.81, 7.99]
5.2 extensors 60 degrees 1 30 Mean Difference (IV, Random, 95% Cl)  4.31[2.75, 5.87]
per second
5.3 extensors 120 degrees 2 60 Mean Difference (IV, Random, 95% Cl)  12.75[1.46, 24.04]
per second
5.4 flexors speed 60 degrees 1 30 Mean Difference (IV, Random, 95% Cl)  4.31[3.20, 5.42]
per second
5.5 flexors speed 120 de- 2 60 Mean Difference (IV, Random, 95% Cl)  9.12 [6.74, 11.51]

grees per second

6 Knee circumference 1

Mean Difference (IV, Fixed, 95% Cl)

Totals not selected

Analysis 2.1. Comparison 2 Exercise A versus Exercise B, Outcome 1 Balance (Biodex Stability System).

Study or subgroup Exercise A (bicycle) Exercise B (treadmill) Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
2.1.1 overall stability index
Mohamed 2015 15 -0.4(0.1) 15 -0.6 (0.1) — 0.25[0.19,0.31]
2.1.2 anterior-posterior stability index
Mohamed 2015 15 -0.4(0.1) 15 -0.8(0.1) —t 0.35[0.27,0.43]
Favours ExerciseA 05 -0.25 0 0.25 0.5 Favours Exercise B
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Study or subgroup Exercise A (bicycle) Exercise B (treadmill) Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
2.1.3 medio-lateral stability index
Mohamed 2015 15 -0.4(0.1) 15 -0.6 (0.1) —t 0.24[0.17,0.31]
Favours ExerciseA 05 025 0 0.25 0.5 Favours Exercise B

Analysis 2.2. Comparison 2 Exercise A versus Exercise B, Outcome 2 Pain.

Study or subgroup Exercise A Exercise B Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Mazloum 2014 13 -0.9(0.5) 14 -1.7(0.5) — 0.8[0.41,1.19]
Favours Exercise A 2 -1 0 1 2 Favours Exercise B

Analysis 2.3. Comparison 2 Exercise A versus Exercise B, Outcome 3 6-min walk: distance.

Study or subgroup Exercise A Exercise B Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Zaky 2013 15 34.6 (3) 15 32 (4) —_— 2.6[0.08,5.12]
Favours ExerciseB -5 2.5 0 2.5 5 Favours Exercise A

Analysis 2.4. Comparison 2 Exercise A versus Exercise B, Outcome 4 Range of motion: flexion.

Study or subgroup Exercise A Exercise B Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% ClI Fixed, 95% CI
2.4.1 flexion
Mazloum 2014 13 7.2(9.4) 14 7(5.3) + 0.2[-5.61,6.01]

2.4.2 extension
Mazloum 2014 13 1.9(2) 14 2(2) — -0.1[-1.59,1.39]

Favours Exercise B S5 25 0 25 5 Favours Exercise A

Analysis 2.5. Comparison 2 Exercise A versus Exercise B, Outcome 5 Muscle strength.

Study or subgroup Exercise A Exercise B Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% Cl Random, 95% Cl
2.5.1 extensors (force in kg)
Zaky 2013 15 17.6 (2.6) 15 11.2(1.8) . 100% 6.4[4.81,7.99]
Subtotal *** 15 15 ¢ 100% 6.4[4.81,7.99]

Heterogeneity: Not applicable
Test for overall effect: Z=7.87(P<0.0001)

2.5.2 extensors 60 degrees per second

Abd-Elmonem 2014 15 9.2 (2.7) 15 4.9 (1.5) . 100% 4.31[2.75,5.87]
Subtotal *** 15 15 ‘ 100% 4.31[2.75,5.87]
Favours Exercise B 220 -10 0 10 20 Favours Exercise A
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Study or subgroup Exercise A Exercise B Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Heterogeneity: Not applicable
Test for overall effect: Z=5.41(P<0.0001)
2.5.3 extensors 120 degrees per second
Abd-Elmonem 2014 15 11.1(2.6) 15 4(1.6) = 51.13% 7.12[5.58,8.66]
Eid 2014 15 19 (5.2) 15 0.4 (5.2) —— 48.87% 18.64[14.91,22.37]
Subtotal *** 30 30 —~— 100% 12.75[1.46,24.04]
Heterogeneity: Tau?=64.24; Chi*=31.4, df=1(P<0.0001); 1>=96.82%
Test for overall effect: Z=2.21(P=0.03)
2.5.4 flexors speed 60 degrees per second
Abd-Elmonem 2014 15 119017 15 76(13) + 100% 431[3.2,5.42]
Subtotal *** 15 15 ¢ 100% 4.31[3.2,5.42]
Heterogeneity: Not applicable
Test for overall effect: Z=7.63(P<0.0001)
2.5.5 flexors speed 120 degrees per second
Abd-Elmonem 2014 15 14(1.8) 15 5.8(1.4) H 62.99% 8.19[7.06,9.32]
Eid 2014 15 11(3.2) 15 0.3 (4.4) — 37.01% 10.71[7.95,13.47]
Subtotal *** 30 30 <& 100% 9.12[6.74,11.51]
Heterogeneity: Tau?=2.02; Chi*=2.74, df=1(P=0.1); I*=63.5%
Test for overall effect: Z=7.5(P<0.0001) ‘ ‘ ‘ ‘

Favours Exercise B 20 -10 0 10 20 Favours Exercise A

Analysis 2.6. Comparison 2 Exercise A versus Exercise B, Outcome 6 Knee circumference.

Study or subgroup Exercise A Exercise A+B Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Abd-Elmonem 2014 15 5.9(0.9) 15 3.2(0.5) —_ 2.7[2.2,3.2]
Favours ExerciseA -5 2.5 0 2.5 5 Favours Exercise A+B
Comparison 3. Exercise versus Exercise plus electrophysical modality
Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
1 Colorado score 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
1.1 ankle 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
1.2 elbow 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
1.3 knee 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0, 0.0]
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Analysis 3.1. Comparison 3 Exercise versus Exercise plus electrophysical modality, Outcome 1 Colorado score.

Study or subgroup Exercise A Exercise A+B Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
3.1.1ankle
Parhampour 2014 13 -1.6 (1.1) 12 -2.5(1) —_—t 0.9[0.07,1.73]
3.1.2 elbow
Parhampour 2014 13 -1.2(1.2) 12 -1.6 (1.5) B L — 0.35[-0.7,1.4]
3.1.3 knee
Parhampour 2014 13 -3.8(1.6) 12 -4.6 (1.6) —_—Tt 0.75[-0.47,1.97]
Favours Exercise A 2 -1 0 Favours Exercise A+B
Comparison 4. Hydrotherapy versus no intervention
Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
1 Pain 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
2 Range of motion 1 Mean Difference (IV, Fixed, 95% Cl) Totals not selected
2.1 flexion 1 Mean Difference (IV, Fixed, 95% Cl) 0.0[0.0,0.0]
2.2 extension 1 Mean Difference (1V, Fixed, 95% Cl) 0.0[0.0,0.0]
Analysis 4.1. Comparison 4 Hydrotherapy versus no intervention, Outcome 1 Pain.
Study or subgroup Hydrotherapy Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Mazloum 2014 14 -1.7(0.5) 13 0.3(0.4) — -2[-2.35,-1.65]
Favours hydrotherapy 2 1 0 1 Favours control

Analysis 4.2. Comparison 4 Hydrotherapy versus no intervention, Outcome 2 Range of motion.

Study or subgroup Hydrotherapy Control Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
4.2.1 flexion
Mazloum 2014 14 7(5.3) 13 -0.6 (8.6) —_— 7.6[2.17,13.03]
4.2.2 extension
Mazloum 2014 14 2(2) 13 -0.9 (1.7) — 2.9[1.53,4.27]
Favours control ‘1005 0 5 10 Favours hydrotherapy
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ADDITIONAL TABLES

Table 1. Exercise versus no intervention - Additional data (Cuesta-Barriuso 2013)

Outcome Assessment Exercise group: mean (SD) Control group: mean (SD)

(n =9 participants, 16 elbows) (n =9 participants, 14 elbows)

Flexion Pre-treatment: 136.130 (14.818) 138.000 (19.958)
Post-treatment (12 weeks): 140.310 (11.247) 138.430 (18.475)
Extension Pre-treatment: 10.870 (14.207) 8.640 (15.310)
Post-treatment (12 weeks): 11.880 (14.917) 8.290 (15.364)
Pain (VAS) Pre-treatment: 0.719(0.752) 0.143 (0.305)
Post-treatment (12 weeks): 0.344 (0.436) 0.071 (0.267)
Biceps perimeter Pre-treatment: 31.331(3.474) 32.007 (3.837)
Post-treatment (12 weeks): 31.725 (3.205) 31.857 (3.566)
Bicep strength Pre-treatment: 0.094 (0.272) 0.143 (0.363)
Post-treatment (12 weeks): 0.000 (0.000) 0.071(0.181)

Number of participants in each group = 9. Data relate to 16 elbows in the exercise group and 14 in the control group.
VAS: visual analog scale

Table 2. Exercise A vs Exercise B: types of exercise programs used

Author "Exercise A" "Exercise B"
Abd-Elmonem 2014 Ultrasound, stretching, strengthening 5 days per  Exercise A plus treadmill training
week
Eid 2014 Stretching, static exercises, treadmill Exercise A plus bicycle ergometer and resisted isoton-
ic exercises
Zaky 2013 Static and short-arc quadriceps, straight leg rais-  Exercise A plus partial weight-bearing exercises in
es supine
Mazloum 2014 Stretching, isometric and isotonic strengthening  Rhythmic movement in water, isometric and isotonic

strengthening

Mohamed 2015 Stretching, isometrics, balance or gait training; Stretching, isometrics, balance or gait training; tread-
bicycle ergometry mill

APPENDICES

Appendix 1. Search Strategies
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Database/ Register Years of Coverage Search terms

PubMed (www.ncbi.nlm.nih.gov/pubmed) 1966 - present #1 hemophilia® AND exercise [Filters: Clinical
Trial; Humans]

Embase (Ovid) 1976 - present #1 exercise.mp. OR exercise/

#2 exp hemophilia A/ OR hemophilia.mp. OR
exp hemophilia/ OR exp hemophilia B/

#3 1 AND 2
CINAHL (Ebsco) (www.ebscohost.com/) 1961 - present #1Exercise AND Hemophilia
ClinicalTrials.gov (http://www.clinicaltrials.gov/) Conception - present hemophilia* AND exercise

International Clinical Trials Registry Platform (http://
apps.who.int/trialsearch/)

EU Clinical Trials Register (www.clinicaltrialsregister.eu)

Appendix 2. Conference Abstract Book Searches

Hand searches were done by the authors in the Abstract Documents of the Congress of the World Federation of Hemophilia and the
Musculoskeletal Congresses of WFH as described below.

WFH World Congresses:

1996 - Haemophilia Volume 2 supplement 1. Plenary abstracts published. No musculoskeletal (MSK) topics included.
1998 - Haemophilia Volume 4:3. Abstract headings listed in Table of Contents. No MSK topics included.

2000 - Haemophilia Volume 6:4 Medium: printed abstracts. Manually searched.

2002 - Medium: Abstracts on CD-ROM in PDF format. Search strategy: Find “exercise”. Results: a few with exercise in the title. Several with
‘exercise’ in the body. Not all relevant to physical exercise.

2004 - Haemophilia 10 Supplement 3. Medium: printed abstracts. Hand Search of Abstracts in sections 16- Musculoskeletal, 21-
Physiotherapy, and 25-Rehabilitation.

2006 - Haemophilia 12: Supplement 2. Medium: printed abstracts. Manually searched Sections 18- Musculoskeletal Issues, 22-
Physiotherapy, and 27- Rehabilitation.

2008 - Haemophilia 14: Supplement 2 Medium: printed abstracts. Manually searched Musculoskeletal Section. (There were no PT or Rehab
sections this year). 3 abstracts selected.

2010 - Medium: Flash Drive, Adobe PDF document. Keyword Search “exercise” found 58 instances in 23 abstracts. Only 3 articles described
studies of exercise interventions.

2012 - Medium: Flash Drive, Adobe PDF document.Keyword Search "exercise" found 109 instances in 46 abstracts. Six described studies
of exercise interventions.

2014 - Haemophilia 20 Supplement 3. Medium: PDF document, accessed on line at www.WFH.org. Search strategy: Find “exercise”. Seven
articles described exercise interventions.

WFH - Musculoskeletal Congresses:
2005 - Medium: final program abstract booklet. Strategy: Hand search. Results: no suitable abstracts.

2007 - Medium: Word Document, Abstracts. Search strategy: Find "exercise”. Results: 20 matches in 7 articles. Only one article remotely
relevant.
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2009 - Medium: final program abstract booklet. Strategy: Hand search. Results: no studies. (Only reviews and case reports).

2011 - Medium: PDF of final program and abstract booklet. Strategy: hand search and Find "exercise”. Results: 6 possible studies.
2013 - Medium: PDF of final program and abstract booklet. Strategy: hand search and Find "exercise”. Results: 7 possible studies.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Post hoc analysis resulted in the addition of the following clinically relevant outcomes. These outcomes were deemed important to
healthcare providers and consumers as primary impairments that are assessed by musculoskeletal specialists and may be impacted by
an exercise intervention.

1. Range of motion (Kargarfard 2013; Mazloum 2014).
2. Biceps perimeter (Cuesta-Barriuso 2013).

3. Strength: peak torque using the Biodex Isokinetic Dynamometer (Abd-Elmonem 2014; Eid 2014; Kargarfard 2013) and the Lafayette
Manual Muscle Test (Zaky 2013).

4. Knee circumference (Abd-Elmonem 2014).
INDEX TERMS

Medical Subject Headings (MeSH)

Exercise Therapy [*methods]; Hemarthrosis [rehabilitation]; Hemophilia A [*rehabilitation]; Hemophilia B [*rehabilitation];
Hydrotherapy; Muscle Strength; Muscle Stretching Exercises; Pain [rehabilitation]; Pain Measurement; Randomized Controlled Trials
as Topic; Range of Motion, Articular; Resistance Training

MeSH check words
Adolescent; Adult; Child; Humans; Male; Middle Aged
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