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Abstract

Introduction:Balance training is important to improvebalance and todecrease the risk

of falls in patients with haemophilia (PWH).

Aim: To analyse the current knowledge about the effectiveness of physical exercise on

postural balance in PWH.

Methods:A systematic search for clinical trials, published beforeNovember 2021,was

conducted using the following electronic databases: PubMed/MEDLINE, Web of Sci-

ence, Embase, Wiley Online Library and the Cochrane Central Register of Controlled

Trials (CENTRAL). Two independent reviewers extracted thedata and assessed the risk

of bias. The certainty of the evidence was analyzed using GRADE.

Results: A total of ten studies involving 304 patients were included. The studies per-

formed strength and balance exercises, and some included flexibility, mobilization,

and/or aerobic exercises in their training programs. Postural balance was evaluated

using a force platform and the one leg stand test was the most frequently used. Only

five exercise programs achieved a significant increase in balance (pre-post) with a

strength, postural balance, flexibility, and aerobic intervention. In general, the quality

rate of the risk of biaswas fair but the overall quality of the evidence across the studies

was very low.

Conclusion: Five studies showed that there is a positive change in balance after the

intervention. However, there is currently an unclear demonstration of evidence for the

use of physical exercises to improve postural balance in people with haemophilia. Fur-

ther studies with a higher methodological quality are needed.
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1 INTRODUCTION

Haemophilia is a hereditary bleeding disorder characterized by a

deficiency of coagulation factor VIII (haemophilia A) and factor IX

(haemophilia B).1 Despite being a rare disease, there are approximately

1,125,000 patients with haemophilia (PWH) worldwide with a preva-

lence of 17/4 (A/B) per 100,000males.1,2

The iron accumulation caused by recurrent intra-articular (80%)

bleedings typical of this disease induces synovial changes, cartilage

damage, and bone alterations.3–5 In PWH, the joint damagemay affect

the joint range of motion, muscle strength, and the proprioceptive sys-

temwith the consequent alteration in postural balance.1,6–12

Imbalance could increase the risk of falls and kinesiophobia in

this population.13 Moreover, it could perpetuate the vicious cycle

of sedentary lifestyle, worsening the musculoskeletal condition, and

increasing the risk of bleedings and the health costs.14–16 Physi-

cal exercise becomes a vital factor to stop this negative circle, and

protect the joints in PWH.1,13,17,18 The most used physical exercise

programs in PWH include the proprioceptive and balance training

beside flexibility, strength, and overall function (incorporating aerobic

exercise).11,12,19

Recent systematic reviews have shown that physical exercise is

safe and effective for improving different types of muscle strength in

PWH.20–22 However, the effects of physical exercise to improve bal-

ance have been little studied. For example, in the Strike et al.22 system-

atic review, balance is a secondary aim and only one of the analyzed

studies considered balance as a main outcome on a 30 children sample

without arthropathy. Nevertheless, to our knowledge, there have been

no subsequent reviews on the effects of physical exercise on PWHbal-

ance in other age ranges, with andwithout arthropathy.

Consequently, the aimof this review is to analyse the current knowl-

edge of the effectiveness of physical exercise on balance in PWH.

2 METHODS

2.1 Protocol and registration

The protocol was registered in the International Prospective Reg-

ister of Systematic Reviews PROSPERO (registration number:

CRD42020215490) in December 2020. The reporting was based on

the Preferred Reporting Items for Systematic Reviews and Meta-

Analysis (PRISMA) recommendations.23

2.2 Eligibility criteria

Randomized controlled trials (RCTs), controlled intervention studies

andBefore-After (Pre-Post) studies that analyzed the effects of a phys-

ical exercises programme on balance (measured by an instrumental

assessment or clinical test) in PWH, with any age and type of severity,

were included. The articles had to be written in the English language

and published before November 2021. All editorials, letters to the edi-

tor, review articles, systematic reviews, meta-analyses, and in vivo and

in vitro studies were excluded.

2.3 Search strategy

The systematic search of clinical trials was conducted using the follow-

ing electronic databases: PubMed/MEDLINE,Web of Science, Embase,

Wiley Online Library and the Cochrane Central Register of Con-

trolled Trials (CENTRAL). Articles with the following keywords were

extracted and considered for inclusion: 1) For population: haemophilia

OR hemophilia OR haemophilic arthropathy; 2) For intervention: ther-

apeutic exercise OR balance exercise OR exercises OR physical ther-

apy OR physical activity OR physiotherapy; 3) For primary outcome:

balance OR postural control OR postural stability OR proprioception.

We incorporated the use of Boolean operators (AND, OR, NOT) in the

systematic search. In addition, a manual search of the included article

references was conducted. All references were analyzed using Rayyan

web software.24

2.4 Study selection

Two authors (ACH, RNC) reviewed the abstracts and titles of all arti-

cles identified using the search strategy and any discrepancies were

resolved by consensus. References considered not to be relevant were

removed. Two authors (ACH, CCM) then independently evaluated the

full articles to select those that met the eligibility criteria. If there

were any differences between them, they were determined by a third

reviewer (MAR).

2.5 Data collection

A standardized data extraction table was developed using the

Microsoft Excel template. Two reviewers (ACH, FQG) completed data

extraction using a standardized form including the author and year of

publication, study design, study population (participants and age), vari-

ables and measures, interventions, and results. In the case of disagree-

ments, in any phase of the selection process, a third reviewer (MAR)

made the decision.

2.6 Evaluation and risk of bias rating

Two independents reviewers (ACH, FQG) assessed the risk of bias and

the quality of the interventional studies using the tools recommended

by the National Heart, Lung and Blood Institute.25 The tool for the

quality assessment of controlled intervention studies was made up of

14 questions covering the following topics: (1) Described as random-

ized; (2 and 3) treatment allocation—two interrelated pieces; (4 and

5) blinding; (6) similarity of the groups at baseline; (7 and 8) dropout;

(9) adherence; (10) avoid other interventions; (11) outcome measures
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assessment; (12) power calculation; (13) prespecified outcomes, and

(14) intention-to-treat analysis.

The quality assessment of the Before-After (Pre-Post) studies with-

out control group tool26 was made up of 12 questions with the follow-

ing themes: (1) Study question; (2) eligibility criteria and study popula-

tion; (3) study participants representative of the clinical population of

interest; (4) all eligibility participants enrolled; (5) sample size; (6) inter-

vention clearly describe; (7) outcome measures described; (8) blind-

ing of the outcome assessors; (9) follow-up rate; (10) statistical analy-

sis; (11)multiple outcomemeasures, and (12) group-level interventions

and individual-level outcome efforts.

The results of these tools were divided in three levels based on the

items rated with an affirmative answer: ≥75% = good, 50–75% = fair,

< 50% = poor. The concordance was calculated using Cohen’s kappa

coefficient.

2.7 Methods of analysis

The data collected was analyzed using a narrative synthesis of the evi-

dence. The level of confidence impact was carried out using the Grad-

ing of Recommendations Assessment, Development, and Evaluation

(GRADE) approach.27 The GRADE system specifies four categories for

the quality of evidence: high, moderate, low, and very low. GRADE is

based on the study design (RCTs start with high quality, not RCTs start

with a low quality), five reasons that likely decrease the quality of evi-

dence (risk of bias, inconsistency, indirectness, imprecision, and publi-

cation bias), and three reasons that raise the quality (large effect, dose

response and all plausible residual confounding). During rating, it may

be downgraded based on the level criteria if it is deemed to have a seri-

ous risk (-1) or very serious risk (-2).

3 RESULTS

3.1 Study selection

The search strategy identified 335 articles. Once the duplicates were

eliminated, 237 remained. Of these, 25 were selected for the full text

review and 212 were excluded because they did not meet the eligi-

bility criteria. Ten studies were included in the systematic review28–37

(Figure 1). We observed a very high concordance between the review-

ers when selecting the studies (kappa= 0.809, p< 0.001).

3.2 Study characteristics

A total of 304 PWH were included. Of these, 44.08% were chil-

dren (aged 9–13)30,33,36,37 and 55.92% were adults (aged 32–

59).28,29,31,32,34,35 The number of participants per study ranged from

830 to 52.34 Regarding the severity of haemophilia, 48.35% were

severe; 22.70% moderate; 0.66%, mild; 18.42% severe/moderate, and

9.87% mild/moderate. Two hundred and four subjects were on pro-

phylaxis and 64 on demand. The treatment regimen was not specified

in 36 people (Table 1).29,34,35 Following the GRADE assessment, eight

articles28–32,34,35,37 were rated as very low, one as low,33 and another

one asmoderate (Table 2).36

3.3 Intervention

The training periods ranged from 136 to 1330 months. Three studies

performed the intervention three sessions per week30,33,36 and four

studies in 2 sessions/week.28,31,34,37 One study encouraged the partic-

ipants to exercise on all days for 8 weeks,32 with another doing five

sessions per week for 16 weeks.29 Only one study did not state the

session frequency.35 In all of the interventions, strength and balance

were trained; 5 studies incorporated flexibility;28,30,32,33,35 two stud-

ies include mobilization exercises34,36 and one study included flexi-

bility and mobilization exercises;37 three studies contain gait training

exercises29,33,36 and in another, aerobic exercises were included.33

One study compared an exercise programwith another physiother-

apy intervention, specifically home exercising with a self-monitoring

program (feedback and activity monitor) versus home exercising with-

out an activity monitor.32 Another study compared a combined exer-

cise and laser protocol with a combined exercise and placebo protocol,

specifically an active pulsedNd:YAG laser andphysical exercises versus

placebo laser and physical exercises.36 One study compared an exer-

cise program with different aerobic training: treadmill versus bicycle

ergometer.33

Three studies compared an exercises program versus a control

group (normal life).31,34,37 One study compared an exercise program

in a intervention group of PWH with two control groups:28 PWH and

healthy subjects. Three studies analyzed the effect of an exercise pro-

gram in PWHwithout a control group (Table 2).29,30,35

3.4 Risk of bias

A very high concordance between the reviewers in the quality assess-

ment was observed (kappa = 0.881, P < 0.001). Table 3 shows the risk

of bias for the controlled intervention studies using the tools recom-

mended by the National Heart, Lung and Blood Institute.25 The major-

ity of the studies32–34,37 had a fair quality rate of risk of bias; two28,31

had a poor quality rate and one36 had a good quality rate. Three out

of seven28,32,37 did not report whether the study was randomized or

not. Only three studies32–34 had an adequate method of randomiza-

tion and simply one study had a good allocation concealment.36 Six out

of seven failed to report whether there was a blinding of the partici-

pants and providers. Three out of seven articles had a drop-out rate ≥

15%.28,31,34 However, there showed a high adherence (between 90%

and 100%)31–34,36,37 to the exercise program in six studies. Finally, all

studies showed homogeneity across the groups at baseline.

Table 4 shows the risk of bias for the Before-After (Pre-Post) stud-

ies without control group using the Quality Assessment tool recom-

mended by the National Heart, Lung and Blood Institute.26 One29 of



412 CHIMENO-HERNÁNDEZ ET AL.

F IGURE 1 Flowchart of the search studies and selection process

them had a good quality rate of risk of bias and the other two had a

fair35 and poor30 quality rate respectively.

3.5 Data synthesis

Table 5 describes the exercises, balance assessment and results.

Regarding to the different interventions, four studies28,30,32,35 com-

bined a balance training with strength and flexibility exercise, which

two28,32 of them have statistically significant changes in balance (pre-

post intervention) with P < 0.05. Two studies31,34 combined a bal-

ance trainingwith strength and jointmobilization exercise,without sta-

tistically significant changes in balance (pre-post intervention). One

study29 combined a balance training with strength and walking exer-

cise without statistically significant changes in balance (pre-post inter-

vention). Another study33 combined balance training with strength,

flexibility, gait exercise, and aerobic exercise, with statistically signif-

icant changes in balance (pre-post intervention) with p < 0.05. One

study37 combined balance trainingwith strength, flexibility, jointmobi-

lization, neuromuscular control, and gait exercise with statistically

significant changes in balance (pre-post intervention) with p < 0.05.

Finally, one study36 combined balance training with strength, joint

mobility, and gait exercise with statistically significant changes in bal-

ance (pre-post intervention) with p< 0.05.

For the balance assessment, different measurements were carried

out. Four studies used the one-leg stance test;28,30,31,34 five studies
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used a force platform,29,33,35–37 and three of themalso used one or two

complementary tests (Tinetti test35 the modified functional reach test

(mFRT),32 the modified clinical test of sensory interaction in balance

(mCTSIB),29 and the step quick turn test29).

The one-leg stance test showed statistically significant changes

in balance (pre-post intervention) with p < 0.05 in two studies,28,34

although in one of them,34 his test showed significant changes only

in the right leg balance. The force platform proved there to be a bal-

ance improvement (pre-post intervention) in the five studies but only

in three of them33,36,37 were the changes statistically significant. Bal-

ance, measured by the modified functional reach test, improved with

significant statistical changes in one study.32 In total, only five stud-

ies demonstrated a statistical significant increase in balance (pre-post

intervention).28,32,33,36,37

4 DISCUSSION

This reviewpresents the current evidence of trials applying a variety of

exercise programs with potential effects on balance in PWH. Although

in five of the included studies there was a positive change in balance

after the intervention, the analysis of themethodological quality of the

cited studies showed unclear evidence.

In this systematic review, three of four articles showed there to be

statistical significant changes in balance measured using a force plat-

form in children.33,36,37 All of them included in their training program

strength, static postural balance, and gait exercises, and some of them

included flexibility,33 joint mobility,36,37 aerobic exercises,33 and neu-

romuscular control.37 Moreover, one of these articles had a moderate

quality of evidence in theGRADEanalysis.36 Regarding adults, two28,32

of six articles demonstrated significant changes in balance. However,

all of them had a very low quality of evidence in the GRADE analysis. It

seems that balance tends to improve with an exercise program but it is

unclear as to the type of exercises that can influence the improvements

more.

Wecould cautiously interpret that strength and flexibility affect bal-

ance to a slight extent since these two types of exercises are integrated

in all interventions but only five28,32,33,36,37 showed statistically sig-

nificant changes. This means that perhaps these two training methods

along with other types of exercise (aerobic, resistance, or multimodal

balance exercises) could have a greater effect on balance.

As indicated by Thomas et al.,38 in their systematic reviews about

balance and fall prevention in elderly, the evidence we found points

to a combined program of exercises involving balance, strength, and

endurance is effective to improving postural balance, while also pro-

moting a reduced of risk of falls in eldery.38 Moreover, in the Phys-

ical Activity Guidelines for Americans, they claim that in addition to

balance exercises, strength work on the trunk and legs muscles also

increases balance and prevents falls.39 Similarly, for other diseases

such as ataxia,40 Parkinson’s41 and osteoarthritis42,43 and also in total

knee replacements,44 studies showed that balance and coordination

can be improved not only by training using specific balance exercises

but also with combined strength, aerobic (cycling or walk), or virtual

reality exercises.

These statements are supported by the previous findings in the lit-

erature associatedwith the importanceof physical exercise tomaintain

strong muscle and flexible joints, as well as preserving normal postural

control and balance in PWH.17,22,45,46

Considering the heterogeneity of joint and motor impairment in

PWH, it is necessary to supervise and individualize the exercise pro-

grams according to the needs of each person. This should be done by

a healthcare professional who understands haemophilia, like Negrier

et al.45 and Souza et al.46 reported. However, there is currently no

homogeneity in the frequency and intervention duration to be applied

in balance exercises. Sherrington et al.47 and Lee et al.48 suggested that

at least in older adults, it is necessary to train balance one hour, twice

a week. The exercises should aim to challenge balance in three ways:

reducing the base of support, moving the center of gravity, and reduc-

ing the use of arms support. The American College of Sports Medicine

(ACSM) suggests that older adults should train using balance exercises

for aminimumof 2 to 3 day/week, for 20–30minutes.49 Frequency and

intensity are still controversial issues in balance exercise programs.

Relating to postural balance, we should also consider the age

factor. In children, motor development is influenced by the growth

of the neuromuscular system, body proportions, and psychological

characteristics.50,51 Schedler et al.52 affirmed that after balance train-

ing, healthy children seem to have a higher static balance and mobility

compared to adolescents. We therefore cannot expect the same bal-

ance results in adults due to the biomechanical and neuromuscular dif-

ferences between both groups.53

In the case of PWH, they may undergo an early alteration of the

somatosensory systemdue to the intra-articular bleeding that they suf-

fer with throughout their lives and the haemophilic arthropathy that

they may develop, affecting their balance.54,55 For this reason, it is

essential to know the joint status of the ankles and knees before the

intervention to more accurately recognize the effect of the exercise

program on their balance. Unexpectedly, in our review, only three arti-

cles described in detail the severity or lack of arthropathy in their sam-

ple and four articles described the number of joints affected (Table 1).

In future studies, it would be interesting to carry out a specific descrip-

tion of the affected jointswith orwithout arthropathy, in order to know

more precisely the effect of the exercise on balance regarding to the

grade of arthropathy. Self-perceived functionality and the risk of falls

are also important variables as part of understanding the degree of

affectation that bleeding causes in the joints and consequently in their

stability.14,56–58 Future studies on balance should examine these mea-

sures in PWH.

Overall, the reporting quality of many of the included studies was

very poor. Only two studies rated highly when they were assessed

for risk of bias. Many of them failed to provide details on the ran-

domization or participant allocation as well as the blinding process.

As is common in this population, the sample sizes were small with

a maximum of 56 people. Due to the heterogeneity of the interven-

tions (outcome measures and duration), sample sizes and people char-

acteristics (age, haemophilic arthropathy, prophylaxis and severity of

haemophilia), meta-analysis was not possible. This prevents being able

to provide a firm recommendation on physical exercise to improve bal-

ance in PWH.
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The systematic review had some limitations. Due to the scarce

research in this population, we included randomized and non-

randomized clinical trials, as well as non-controlled clinical trials. This

reduces thequality of the trials and the significanceof the results.How-

ever, this limitation underlines the difficulty of collecting data on PWH.

A better design of clinical trials is required in this population. We sug-

gest that further research should be undertaken in the following areas:

general physical exercises and their effect on postural balance, postu-

ral balance and self-perceived functionality, or postural balance and the

risk of falls.

5 CONCLUSION

The finding of this systematic review point towards the idea that there

is currently an unclear demonstration of evidence regarding the use

of physical exercises to improve balance in PWH. The design of bal-

ance training programs that are evidence-based remains a challenge

for physical therapists. This conclusion should inspire the creation of

high-quality clinical trials to provide robust evidence.
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