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Abstract

Background: Regular physiotherapy with a physiotherapist experienced in the field is

not feasible for many patients with haemophilia. We, therefore, developed a blended

physiotherapy intervention for personswith haemophilic arthropathy (HA) (e-Exercise

HA), integrating face-to-face physiotherapy with a smartphone application.

Aim: The aim of the study was to determine proof of concept of e- Exercise HA and to

evaluate feasibility.

Methods: Proof of concept was evaluated by a single-case multiple baseline design.

Physical activity (PA) was measured with an accelerometer during a baseline, inter-

vention and post-intervention phase and analysed using visual inspection and a single

case randomisation test.Changes in limitations in activities (HaemophiliaActivities List

[HAL]) and a General Perceived Effect (GPE) were evaluated between baseline (T0),

post-intervention (T1) and 3 months post-intervention (T2) using Wilcoxson signed

rank test. Feasibilitywas evaluatedby thenumberof adverse events, attended sessions

and open-ended questions.

Results:Nine patientswithHA (90% severe,median age 57.5 (quartiles 50.5–63.3) and

median HJHS 32 (quartiles 22–36)) were included. PA increased in two patients. HAL

increased mean 15 (SD 9) points (p= .001) at T1, and decrease to mean+8 points (SD

7) (p = .012) at T2 compared to T0. At T1 and T2 8/9 participants scored a GPE > 3.

Median 5 (range 4–7) face-to-face sessions were attended and a median 8 out of 12

informationmodules were viewed. No intervention-related bleeds were reported.

Conclusion:A blended physiotherapy intervention is feasible for persons with HA and

the first indication of the effectiveness of the intervention in decreasing limitations in

activities was observed.
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1 INTRODUCTION

Haemophilia is a congenital disorder characterised by an increased risk

of bleeding inside joints and muscles. Despite the introduction of pro-

phylactic clotting factor replacement therapy, approximately two joint

bleeds per year are still observed in patients with severe haemophilia

who have access to prophylactic therapy.1 Recurrent bleeding in a

joint eventually causes haemophilic arthropathy (HA). Pathogenesis

of HA is predominantly comparable to a degenerative joint disease

like osteoarthritis (OA).2 Clinical symptoms are pain, limited range

of motion of the joint, and atrophy of surrounding muscles.3 Conse-

quently persons with HA experience limitations in activities and have

a sedentary lifestyle more often than the general population.4

Exercise therapy, including resistance exercises, isometric exercises,

bicycle ergometry, treadmill walking and hydrotherapy, seem to have

a positive effect on several clinical outcomes, but a preferred exer-

cise intervention for personswithHA is still undecided.5–7 Additionally,

physiotherapy is often not covered by health insurance and physio-

therapists experienced with haemophilia are scarce. As a result, for

many persons with HA regular and high-quality physiotherapy is insuf-

ficiently accessible.We, therefore, developed a blended physiotherapy

intervention for persons with HA: e-Exercise HA.8 Blended phys-

iotherapy integrates face-to-face physiotherapy with a smartphone

application.9 It has the potential to support behavioural change and

creates the opportunity to reach patients who have limited access to

(specialised) physiotherapy. Furthermore, it could be used to support

primary care physiotherapists, who are less experienced in treating

persons with HA.

E-Exercise HA was built upon an effective blended physiotherapy

intervention for persons with OA.10 It was developed in co-creation

with physiotherapists, patients, developers and researchers. The inter-

vention consists of a) information modules for both patients and

physiotherapists including text and videos, b) a graded activity pro-

gram using a self-chosen activity and c) personalised video-supported

exercises.8 In patients with OA, increasing daily PA using a graded

activity approach improves physical functioning.11 As symptoms and

pathogenesis of HA show parallels with OA, similar results are

expected in HA.2 In addition, e-Health applications have the poten-

tial to support behavioural change and therefore to contribute to a

healthier movement behaviour.

The aim of the current study is to determine proof of concept of e-

Exercise HA on improving physical functioning and increasing physical

activity and to evaluate the feasibility of the intervention.

2 METHODS

2.1 Study design

Proof of concept of the e-Exercise HA intervention on physical activ-

ity (PA) and pain were evaluated by a randomised single-case multiple-

baseline design.12 This design enables testing hypotheses within sub-

jects and allows for evaluation of variation in outcome over time.

Figure 1 shows a graphical presentation of the design. Where reg-

ular intervention studies report only average effects, this design is

particularly useful to test personalised interventions and understand

mechanisms of action within individuals. Repeated observations, daily

(PA) or with a 3 days interval (pain), were performed during a base-

line phase (2–4 weeks), an experimental phase (12 weeks) and during

a post-intervention phase (2–4 weeks). The baseline phase acts as a

control and will therefore be compared to the intervention and post-

intervention phase. By applying baselines of varying length observed

effects of treatment can be distinguished from chance.13 Effectiveness

of the e-Exercise HA intervention on limitations in activities is evalu-

atedwith a pre-post design and aGeneral Perceived Effect (GPE) score

after finishing the intervention.

2.2 Participants

Persons were eligible for inclusion if they were ≥18 years old, diag-

nosed with haemophilia, had HA in at least, but not limited to, one

joint of the lower extremities (as low positive HJHS scores may

not always be due to HA and in accordance with previous stud-

ies Pettersson score ≥3 points in one joint except from the item

‘osteoporosis’, Haemophilia Joint Health Score (HJHS) ≥2 points in

one joint or HEAD-US ≥1 points in one joint for cartilage or bone

abnormalities were considered HA14,15), reported limitations in activ-

ities (Haemophilia Activities List (HAL) <95) and had a personal

activity goal. Exclusion criteria were patients <1 years after joint

F IGURE 1 Graphical presentation of the study design.
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replacement or arthrodesis, <6 weeks after a joint or muscle bleed

in the lower extremity and patients with active synovitis in the lower

extremity.

2.3 Procedure

Between April 2019 and September 2020 patients at the van Crev-

eldkliniek were informed about the study by flyers and an information

screen in the waiting room and information in the newsletter of the

clinic. Persons with haemophilia (PWH) who visited the physiother-

apist at the clinic and were eligible for inclusion were personally

approached. The intervention was started after informed consent was

obtained. The research protocol was approved by the Institutional

Review Board of the University Medical Center Utrecht, the Nether-

lands (protocol number: 18–81/C). The interventionwas performed by

a single experienced physiotherapist (MT) related to the Haemophilia

TreatmentCenter.During the first visit, the personal goal of the patient

was established using theCanadianOccupation PerformanceMeasure

(COPM). The electronic data capture system ‘Castor’ was used to auto-

matically send the repeated measures and pre- and post-intervention

questionnaires by email.

2.4 Intervention

The 12 weeks e-Exercise intervention integrates face-to-face phys-

iotherapy and a smartphone application. Physiotherapists create for

eachpatient a personal account on awebsite. Through this account, the

physiotherapist can generate and personalise an exercise program for

each patient, monitor his progress and adapt the treatment program

according to individual needs. Patients are able to review their per-

sonal program through a personal account within a smartphone app.

The intervention consists of a) weekly self-management information

modules b) a behavioural graded activity approach directed at increas-

ing the duration of a self-chosen activity in a time-contingent way

and c) personalised exercises supported with texts and videos. Within

face-to-face sessions, physiotherapists can start the exercise program,

choose an activity goal and choose exercises and parameters. Further

on, they can recall online self-management modules and discuss how

the themes affect the patient’s personal situation. When needed, the

graded activity program and the prescribed exercises can be adjusted.

The number and the timing of the visits depend on personal needs of

the patient. The intervention is described in more detail in a previous

publication.8

2.5 Outcome measures

Demographic characteristics were collected including: age, type of

haemophilia, severity, baseline joint status (HJHS) andpersonal activity

goal.

2.5.1 Repeated measures

PA was assessed with the Activ8 accelerometer, worn in the pocket

of the trousers.16 The Activ8 has been validated and distinguishes

between six postures and activities: lying down, sitting, standing, walk-

ing, running and cycling.17–19 Participants were asked to wear the

Activ8 every day during the baseline, the intervention and the post-

intervention phase. The activity that best matched with the activity

chosen for the graded activity module was used as an outcome mea-

sure. The number of hours spend on the chosen activity was calculated

per day.

Pain intensity was assessed using the Numerical Rating Scale

(NRS).20 The NRS is an 11-point rating scale ranging from 0 to 10

points. A score of 0 represents ‘no pain’, 10 represents ‘worst pain

possible’. Patients indicated the number that corresponds to theirmax-

imum pain level in the past day. The NRS is considered a valid and

reliable instrument to measure pain. Pain was measured every 3 days,

using an automatically send an email with the NRS.

Patient-specific activity limitations weremeasured with the Patient

Specific Functioning Scale (PSFS), which is considered reliable and

valid in several musculoskeletal disorders.21,22 The PSFS is an 11-

point rating scale ranging from 0 to 10 points. A score of 0 represents

‘no limitations’ and a score of 10 represents ‘impossible to perform’.

Every 3 days, participants were asked to indicate the extent of limita-

tions they experienced with the chosen activity in the last 24 h using

automatically send emails.

2.5.2 Pre- and post-intervention measures

Self-perceived limitations in activities were measured with the com-

ponent score ‘lower extremity basic’ of the HAL. The HAL is a

validated and reliable 42-item haemophilia-specific self-administered

questionnaire assessing self-perceived limitations in activities in three

component scores; upper extremity, lower extremity basic and lower

extremity complex.23,24 As the lower extremity basic component score

includes items like standing and walking on different surfaces, it is

considered to fit best with the intervention and the population. Self-

reported limitations in activities were assessed at baseline, after the

intervention and at 12 weeks follow-up. In addition, self- perceived

change in physical functioning was assessed using a 7 -point General

Perceived Effect (GPE) scale (0 = very much worse, 3 = no change,

6 = very much better).25 GPE was evaluated after the intervention

and at 12 weeks follow-up. Questionnaires were automatically sent by

email.

2.5.3 Feasibility and other measures

Feasibility of the intervention was assessed by the number of adverse

events (bleeding episodes), the number of online modules accessed

and the number of face-to-face meetings attended. Satisfaction with

 13652516, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hae.14690 by Fontys H

ogescholen, W
iley O

nline L
ibrary on [11/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



TIMMER ET AL. 293

the intervention was evaluated with open-ended questions (What did

you think of the online application/the face-to-face visits/the infor-

mation modules/the graded activity module/the exercises/the pop-up

messages? Do you have any other feedback?)

2.6 Data analysis

Statistical analyses were performed using R studio version 3.5.1. with

the packages ‘ggplot2’ and ‘SCRT’.26,27 Descriptive results were pre-

sented as medians and interquartile ranges or means and standard

deviations for changes scores. Changes in PA, pain, patient specific lim-

itations in chosen activity (repeated measures data) were evaluated

using visual inspection and a single case randomisation test. Visual

inspection was performed by creating plots including the mean and

bands of 2*standard deviation (SD) calculated from the baseline phase.

Visual plots can be used to give insight into the mechanism of effect.

Two or more successive data points in the intervention phase or the

post-intervention phase that fall outside the bandwidth of 2SD are

generally considered significant change. However, in order to improve

reliability and accuracy, it is recommended to use a statistical test

as well. The single case randomisation test is used as a second test

to determine whether the null hypothesis ‘there is no change in out-

come between the baseline phase and the intervention phase’ should

be rejected. The single case randomisation test determines whether

the obtained responses are the same as those that would have been

obtained under any other random ordering. Missing repeated mea-

sures datawas handled by linear regressing adjacent data points either

side of the missing data. If missing data within a case exceeded 50%

in the intervention phase or less than 3 data points were available

in the baseline phase, the case could not be analysed. For pre- and

post-intervention comparison the nonparametric Wilcoxson signed

rank test was used, as the sample size is small. p-values <.05 were

considered statistically significant.

3 RESULTS

A total of 10 persons with HA were included in the study; all suf-

fered from severe haemophilia. Median age of the participants was

57.5 years (IQR 50.5–63.3). Clinical characteristics of the participants

are shown in Table 1. One participant had to stop during the baseline

phase due to COVID-19 restrictions and did not restart afterwards.

TABLE 1 Clinical characteristics of the participants

Median (IQR) or n (%)

Age 57.5 (50.5–63.3)

Severe 9 (90)

Haemophilia A 7 (70)

Joint status (HJHS) 32 (22–36)

Abbreviation: HJHS, Hemophilia Joint Health Score.

The personal goal of 8/9 participants was to increase walking duration

to 30 or 60 min. One participant had the goal to increase cycling dura-

tion with moderate e-bike support to 90 min. Personalised exercises

that were prescribed included functional walking exercises and stabil-

ity exercises, choices were made based on baseline functional ability

and personal goals. All prescribed exercises are listed in Appendix 1.

3.1 Repeated measures

3.1.1 Physical activity

A total of four participants had no missing PA data, four other partici-

pants had between 2% and 16% missing data. For one participant (p2)

PA data of the baseline phase was completely missing due to malfunc-

tion of the Activ8 and could therefore not be analysed. Randomisation

tests confirm a significant increase in PA in p3 and p10. The other

participants showed no change in PA. Plots of a participantwithout sig-

nificant change in PA (p1) and a participant with a significant increase

in PA (p10) are shown respectively in Figure 2. A complete overview of

PA plots of all participants is presented in Appendix 2.

3.1.2 Pain

A total of four participants had no missing pain scores, two other par-

ticipants had 22% and 23%missing data in the intervention phase and

had >3 data points in the baseline phase available and were therefore

included in the analysis. For three participants pain scores could not be

analysed since they had >50% missing data in the intervention phase

(P5 and P8) or had less than 3 data points in the baseline phase (p9).

Visual inspection of the plots presenting pain intensity shows a slight

decrease in pain in 2 participants (p6 and p10). Randomisation tests

confirm only a significant difference in p10 (p = .03). Visual plots of

pain scores are shown in Figure 3 for p1 and p10, respectively. A com-

plete overview of visual plots of the pain scores of all participants is

presented in Appendix 3.

3.1.3 Patient specific activity limitations

Missing data for patient-specific activity limitations were the same as

for pain scores, as they were assessed on the same electronic form.

Visual inspection and randomisations tests did not showany changes in

patient specific limitations. A visual plot of patient-specific limitations

of participant 10 is presented in Figure 4.

3.2 Pre- and post-test measures

Pre- and post-measures of perceived limitations in activities and per-

ceived effect of the intervention are presented in Table 2. At baseline

participants scoredamedianof 33points (quartiles 25–50) on theHAL.
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F IGURE 2 Hours per day spend in the chosen activity (walking) for participant 1 and 10.
* Vertical lines present the transition from baseline phase to intervention phase, and intervention phase to post intervention phase.
* The black horizontal line represents themean of the baseline phase.
* The dotted red lines represent+/−2 SD from themean of the baseline phase.

F IGURE 3 Numerical Pain Scores per 3 days for participant 1 and 10.
* Vertical lines present the transition from baseline phase to intervention phase, and intervention phase to post intervention phase.
* The black horizontal line represents themean of the baseline phase.
* The dotted red lines represent+/−2 SD from themean of the baseline phase.

F IGURE 4 Patient specific activity limitations per 3 days for
participant 10.
* Vertical lines present the transition from baseline phase to
intervention phase, and intervention phase to post intervention phase.
* The black horizontal line represents themean of the baseline phase.
* The dotted red lines represent+/−2 SD from themean of the
baseline phase.

HAL scores increased between baseline and post intervention with a

mean of 15 points (SD 9; p = .001), indicating less limitations in activ-

ities. At 3 months post intervention HAL scores were mean 8 (SD 7;

p = .012) points higher compared to baseline. At both post interven-

tionmeasures8/9participants indicated an improvement (score>3) on

general perceived effect.

3.3 Feasibility

Participants attended median 5 (range 4–7) face-to-face sessions and

viewed median 8 out of 12 information modules. One elbow bleed,

unrelated to the intervention, was reported. Open ended questions

showed that participants appreciated the personalised approach of

the intervention, enabling more face-to-face sessions when needed

and less when not needed (all). The face-to-face sessions were a moti-

vation to adhere to the program or used to ask additional questions

(P8, P9, P10). Pop up messages with reminders to perform exercises

and activities improved adherence according to two participants, the
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TABLE 2 Pre- and post-measures of perceived limitations in activities and perceived effect

HAL lower basic GPE

PID T0 T1 T2

ΔHAL
T1-T0

p-value
T1-T0

ΔHAL
T2-T0

p-value
T2-T0 T1 T2

1 33 50 43 17 10 5 5

2 33 40 – 7 – 4 4

3 43 60 40 17 −3 4 4

4 20 53 40 33 20 2 5

5 73 77 83 4 10 5 5

6 30 53 36 23 6 5 5

7 Stop in BL – – – – – –

8 43 50 57 7 14 5 5

9 57 70 60 13 3 5 4

10 20 33 26 13 6 4 2a

Total 33 (25–50) 53 (45–65) 42 (37–59) 15 (9) .001 8 (7) .012

Total scores are presented asmedian (quartiles) or mean (SD); significance testing based onWilcoxson signed rank test.

Abbreviations: BL, baseline; GPE, Global perceived effect (0 = very much worse, 3 = no change, 6 = very much better); HAL, Haemophilia Activity List; T0,

start baseline; T1, end intervention; T2, 12weeks after ending the intervention.
aMeasurement 1week after hospital admission for not haemophilia related problem.

others turned them off as it annoyed them. Althoughmost participants

did already knowmost information from the informationmodules, they

still found it useful to refresh their memory (P3, P4, P5, P8, P9). The

graded activity approach surprised participants in their own ability to

increase walking or cycling distance when distance is increased grad-

ually (P5, P8), although discipline is needed in order to stick to the

program (P1, P4). Some participants found it very helpful to have the

smartphone application with their personalised program and video-

supported exercises (P1, P10), others did not use the application very

consistently. Improvements proposedby theparticipants are to include

abilities to track performance like step count, walking/cycling distance,

speed and routes (P8, P9, P10).

4 DISCUSSION

The current study shows a positive general perceived effect of e-

Exercise HA and a decrease in perceived limitation in basic activities

of the lower extremities. An increase in PA was only seen in two par-

ticipants and only one participant experienced a significant decrease

in pain. In contrast to the decrease in perceived limitations in basic

activities of the lower extremitiesmeasuredpre- andpost-intervention

using theHAL, repeatedmeasures of limitationswith the chosen activ-

ity (PSFS) did not change. As the intervention used a graded activity

approach, the increasing duration of the chosen activity could explain

why the perceived limitationswith the chosen activity did not decrease

during the intervention. The intervention can be considered safe, as

it did not result in any adverse events. Patients with HA considered

the blended intervention feasible and appreciated the personal and

blended approach.

4.1 Comparison with literature

The results of the current study, are in accordance with a previous

systematic review showing that exercise interventions for persons

with haemophilia are safe and feasible.5 Most included studies found

positive results concerning effectiveness of exercise interventions,

comparable to the current study. However, previous studies only used

outcomes on the level of body functions. Patient reported outcomes

and outcomes on the level of activities and participation are rarely

used. Only one previous study included a functional outcome (walk-

ing distance) and none used a patient reported outcome.28 Patient

reported outcomes on the level of activities and participation aremore

relevant for patients and it is known that they only slightly corre-

late with body functions.29 In addition, most previous interventions

include classic strength, coordination and/or flexibility exercises, in

contrast to self-management information modules, a graded activity

approach and functional exercises in the current study. One previous

study investigated functional treadmill training and found an increase

inmuscle strength.30 Only one online exercise intervention for persons

with haemophilia was previously developed, however, effectiveness

was not yet investigated.31 Similar to the current intervention, the

e-Exercise osteoarthritis intervention on which the current interven-

tion was based showed subject improvement on physical functioning

and no change in objectively measured physical activity. Results of the

e-Exercise osteoarthritis intervention were comparable to the usual

physiotherapy group. The lack of improvement in objectivelymeasured

physical activity is in accordance with a meta-analysis of behavioural

physical activity interventions in lower limbOA. This may indicate that

additional or adjusted components are needed to improve physical

activity.
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4.2 Strengths and limitations

Astrengthof this study is that the repeatedmeasuresdesignenablesus

to evaluate the course of and variation in outcome over time. Instead

of analysing an average effect, it facilitates the understanding of the

mechanisms of action. To evaluate the effect of the intervention on

PA, choices had to be made in how to operationalise PA (e.g., time

spend walking, step count, time spend in moderate to vigorous PA). In

a previous study we propose analysing movement behaviour patterns,

including the whole spectrum of movement behaviour. Movement

behaviour can be considered the combination of daytime sedentary

behaviour physical activity (with low, moderate and high intensity) and

sleep.However,within the repeatedmeasures design evaluatingmove-

ment behaviour patterns was not feasible. It was therefore decided

to analyse the activity closest to the activity chosen by the patient

within the graded activity approach. As only two participants show

an increase in time spend in the chosen activity, changes in other

parameters of PA are not expected.

Both the repeatedmeasures design and the pre-post design enabled

us to use the participant as its own control. During the baseline phase

patients were allowed to receive any kind of treatment, including pain

medication, orthotics and physiotherapy treatment at the patient’s

own initiative. This can therefore be considered usual care. We can

thus conclude that the intervention is more effective than usual care.

A second advantage of the chosen repeated measures design is that

it is particularly suitable for small samples. Power of the repeated

measures design is determined by the number of repeated measures

within a person. For the pre- post-intervention comparison, the sample

size was small. Nevertheless, differences were large enough to deter-

mine that they were significant. The sample size does however limit

generalisability. Younger patients and patients with less advanced HA

are relatively underrepresented in the current study, in addition all

patients had access to prophylactic clotting factor replacement ther-

apy. Generalising the results of this study to younger patients, with less

advanced HA or patients without access to prophylactic therapy must

therefore be donewith caution.

4.3 Clinical implication and future research

Physiotherapists could decide to use a blended exercise strategy, like

e-Exercise HA, to treat persons with haemophilia. It could be very suit-

able for patients who live far form a clinic, have a busy schedule and/or

have high self-management skills. Furthermore, it is recommended to

include a goal-oriented approach like graded activity in future exercise

interventions for persons with HA, as patients particularly valued this

part.

As the intervention did not improve PA in most patients, fur-

ther development of the intervention should focus on strategies to

improve PA. This is in accordance with the feedback from the partici-

pants, who propose to include abilities to track performance like step

count, walking/cycling distance, speed and routes. As in the current

study the intervention was performed by a physiotherapist experi-

enced with haemophilia, future studies should evaluate whether this

blended physiotherapy approach can support primary care physiother-

apists in the treatment of personswithHA. In future evaluative studies

outcomes like adherence and coping could be included as well.

5 CONCLUSION

A blended physiotherapy intervention including self-management

information modules, a graded activity approach and personalised

exercises (e-Exercise HA) is feasible for persons with HA. The current

study shows a first indication of effectiveness of the intervention in

decreasing limitation in activities. Future research should focus on the

development of elements that improve PA as well as evaluating the

intervention in primary care.
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APPENDIX 1
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APPENDIX 2

Participant 1

Participant 2 – not enough data available
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Participant 3

Participant 4
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Participant 5

Participant 6
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Participant 7 – stopped in baseline phase

Participant 8

Participant 9
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Participant 10
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APPENDIX 3

Participant 1

Participant 2
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Participant 3

Participant 4
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Participant 5 – no pain scores available

Participant 6

Participant 7 – Stopped in baseline phase

Participant 8 – not enough data available

Participant 9 – not enough data available
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Participant 10
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