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Abstract

Background: Patients with haemophilic arthropathy suffer chronic pain that affects

and restricts their quality of life. Visualization of movement through immersive virtual

reality is used for painmanagement.

Aim: To evaluate the efficacy of 180-degree immersive VR motion visualization

therapy in patients with haemophilic ankle arthropathy.

Methods: Prospective, multicentre pilot study. Fifteen adult patients with bilateral

haemophilic ankle arthropathy were recruited (mean age: 42.73 ± 12.36 years). The

intervention lasted4weeks,with daily home sessions of 180-degree immersivemotion

visualization. The patients were given virtual reality glasses to use with their smart-

phones. From the YouTube mobile app® they accessed the recorded video with

access from the He-Mirror App®. The study variables were joint state (Haemophilia

Joint Health Score), pressure pain threshold (pressure algometer), muscle strength

(dynamometry) and range of motion (goniometry). Three evaluations were performed:

at baseline (T0), after the intervention (T1) and at the end of a 16-week follow-up

period (T2).

Results: No patient developed ankle hemarthrosis during the experimental phase. In

the repeated measures analysis we found statistically significant differences in joint

state (F= 51.38; η2p = .63), pressure pain threshold of the lateral malleolus (F= 12.34;

η2p = .29) and range of motion (F= 11.7; η2p = .28).

Conclusions:Therapyusing immersivemotion visualizationdoesnot causehemarthro-

sis. This intervention can improve joint condition, pressure pain threshold and range

of motion in patients with ankle arthropathy. Changes greater than the MDC were

reported in more than 40% of patients for the variables pressure pain thresh-

old, anterior tibialis strength and range of motion, which were considered clinically

relevant.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.
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1 INTRODUCTION

The recurrence of haemarthrosis in the same joint causes joint degen-

eration inpatientswithhaemophilia.1 Oneof the jointswith thehighest

prevalence of haemophilic arthropathy is the ankle,2 leading to chronic

pain and a deteriorated quality of life.3

Chronic pain in patients with haemophilic arthropathy is highly

prevalent. Pain intensity is usuallymoderate, sometimes reachingmax-

imum peaks of severe pain.4 Haemophilia patients suffering from

chronic pain present catastrophism and kinesiophobia values compa-

rable to those found in other chronicmusculoskeletal pain populations.

These values, in turn, reflect a poorer perception of quality of life.4

A recent study5 discusses pain memory as a new concept to be

considered in the treatment of haemophilia patients. As noted by

Ucero-Lozano et al.,4 painful experience is a possible modulator of

the cognitive behavioural response in patients with haemophilia and

chronic pain. However, this concept is not new in the physiother-

apy approach to patients with chronic pain. More than 20 years ago,

authors such as Gifford,6 Moseley7 or Hampton,8 had already stud-

ied this concept in the physiotherapeutic treatment of chronic pain

within a biopsychosocial approach. The concept, “Pain is in the Brain”,

and the entire biopsychosocial model, is the basis of many of the treat-

ments using cognitive behavioural approaches developed in patients

with chronic pain. An example of these interventions are Vlaeyen’s

fear-avoidance model of pain,9 the use of gradual exposure such as

graduatedmotor imaging,10 or theuseof immersive visual reality in the

treatment of pain.11–13

Chronic pain treatment in patients with haemophilia is based on

the administration of analgesic or anti-inflammatory drugs.14,15 The

physiotherapy approach has focused on treating the tissue3,14 through

manual therapy and therapeutic exercise, or the use of ultrasound or

pulsedmagnetic field therapy.

Therapy using movement observation is a technique which is neu-

rophysiologically based on mirror neurons and their activation when

viewing the performance of a given action or one that is similar .16,17

By observingmovement, themotor system is activated in a similar way

to the active execution of the observed action.17 This phenomenon can

be used to elicit neuroplastic changes. Movement observation is more

effective when the video to be viewed is recorded from a first-person

perspective and immersively.18,19

Treatment using immersive virtual reality (VR) with motion visual-

ization has shown its effectiveness in reducing the perceived pain and

pressure pain threshold in healthy subjects due to the action of the

endogenous descending inhibitory systems.20

A recent review21 has pointed out the possible effect of VR-based

interventions on pain management, range of motion and propriocep-

tion in patients with knee and hip osteoarthritis. This effect is due to

the neuroplastic changes in the brain caused by VR.21

The aim of the study was to evaluate the changes in joint con-

dition, pressure pain threshold, strength and range of motion, after

an immersive virtual reality intervention in patients with haemophilic

ankle arthropathy.

2 METHODS

2.1 Study design

Prospective, multicentre pilot study.

2.2 Patient recruitment and selection

Patients with haemophilia were recruited from the Spanish Federation

of Haemophilia between September 2021 and January 2022.

The inclusion criteria of the study were (i) patients with a diagno-

sis of haemophilia A and B; (ii) with severe haemophilia phenotype

(< 1% of FVIII/FIX); (iii) over 18 years of age; (iv) with haemophilic

ankle arthropathy (more than 3 points on the Haemophilia Joint

Health Score)22; and (v) having signed the informed consent docu-

ment. Patients excluded from the study were those who (i) developed

hemarthrosis during the study period; (ii) had neurological or cogni-

tive disorders that impaired the understanding of the questionnaires

and assessment tests; (iii) patients without pain in the ankle joint; (iv)

amputee patients, with epilepsy or severe vision problems that pre-

vent propermovement viewing on themobile application; and (v) those

patients receiving physical therapy treatment at the time of the study.

The development of antibodies to FVIII concentrates or the type

of pharmacological treatment (prophylactic or on demand) were not

included in the selection criteria.

2.3 Ethical considerations

The main researcher informed the participants verbally and with an

information sheet, about the possible risks and benefits of the study.

All participants signed the InformedConsentDocument. The studywas

conducted in accordance with the Declaration of Helsinki. The study

was approved by the Clinical Research Ethics Committee of the Vir-

gen de la Arrixaca University Hospital (ID: 2020-2-9-HCUVA). Prior

to the recruitment of patients, the research project was registered

(www.clinicaltrials.gov; ID: NCT04549402).

http://www.clinicaltrials.gov


284 UCERO-LOZANO ET AL.

2.4 Measurement instruments

Before the experimental session, the main clinical variables (type

of treatment, ankle joint condition, development of inhibitors) and

anthropometric variables (weight and height) of the patients recruited

in the study were collected.

All assessments were performed by a physiotherapist blinded to

the study objectives. Three evaluations were performed: at baseline

or pre-treatment (T0), at the end of the intervention (T1) and after

the 16-week follow-up period (T2). The primary variable was the joint

state of the ankle. The pressure pain threshold, gastrocnemius and tib-

ialis anterior muscle strength, and range ofmotionwere the secondary

variables.

The joint conditionwas evaluated using theHaemophilia Joint Health

Score.23 This scale, specific for use in patients with haemophilia, eval-

uates eight items: swelling and duration of swelling, pain, atrophy and

muscle strength, crepitus, and loss of flexion and extension. It is used in

the evaluation of knees, ankles and elbows. The use of theHaemophilia

Joint Health Score in clinical practice for the evaluation of paediatric

and young adult patientswith haemophilia has beenwidely analyzed.24

Recently, a multicentre study has evidenced that this instrument pro-

vides high internal reliability in the assessment of arthropathy in adult

patients with haemophilia (Cronbach’s α = .88).25 The score ranges

from0 (no joint damage) to20points (maximum joint damage) per joint.

In this study, only the ankle joint conditionwas evaluated (range 0–20).

By means of a pressure algometer (Wagner FDIX model, Wagner

Instruments, CT, USA) the pressure pain threshold was assessed.26

Bilateral and caudal pressure was exerted on the lateral malleolus and

themedialmalleolus27 Thepressure exertedby theevaluator gradually

increasedat an approximate speedof 50kPa/s until thepatient felt that

the sensation was beginning to be painful.28 The pressure algometer

to assess the pressure pain threshold (PPT) is considered as a reli-

able and valid instrument to assess pain threshold (ICC = .91)29 and,

therefore, the subject’s sensitivity to a nociceptive stimulus. The unit

of measurement was Newton/cm2.

Muscle strength was measured with a pressure dynamometer

(LafayetteManualMuscle Tester 01165).30 The patientwas placed in a

supine position with his foot at 90◦ dorsal flexion.31,32 The patient was

asked to conduct two 5-s maximum isometric contractions, with a 30-s

break in between, against the dynamometer held by the evaluator.31,32

For the evaluation of the gastrocnemius strength, the dynamometer

was placed proximal to the metatarsophalangeal joints on the plantar

side. To assess the strength of the tibialis anterior, the dynamome-

ter was placed proximal to the metatarsophalangeal joints on the

dorsal side. The measurement of the strength of all the muscles evalu-

ated uses the average value of both measurements as the measure.28

Strength assessment with a pressure dynamometer has shown high

interobserver reliability (ICC: .93–.98).32 The higher the value, the

greater themuscle strength. The unit of measurement was Newton.

To measure the ankle joint range of movement, a goniometric mea-

surement was taken. The patient was placed in a supine position and

with his knees slightly flexed, and his foot off the stretcher. The axis of

the goniometer was placed on the lateral side of the lateral malleolus,

the fixed arm aligned with the fibula and the mobile arm parallel to the

fifth metatarsal.31 Goniometric assessment of ankle range of motion

has shown high interobserver reliability (ICC: .85–.96).33 The unit of

measurement employed is the degree,whereby the higher the degrees,

the greater the range of motion.

Before beginning the study, an intraobserver reliability pilot test

of the study variables was carried out. Reliability was evaluated for

all study variables. Six patients with haemophilia, not included in

the study, were evaluated on two consecutive days. There was high

intraobserver reliability for joint state (intraclass correlation coeffi-

cient [ICC] = .981), range of motion (ICC = .96) and gastrocnemius

strength (ICC = .945). Measurement of the tibialis anterior strength

(ICC= .834) and the pressure pain threshold in the lateral (ICC= .882)

and medial malleolus (ICC = .894), showed a moderate-high intraob-

server reliability.

2.5 Intervention

The intervention consisted of viewing the dorsal and plantar flexion

movement of the ankle. A 180-degree immersive video in first-person

perspective was used. The video was hosted on YouTube® with access

from the He-Mirror App®, designed for this study by the research

group. Patients viewed on their smartphones, regardless of the oper-

ating system, the immersive video while wearing virtual reality glasses

(3D virtual reality glasses with remote control; model Q-MAX).19 The

patients had to be seated in a chair, with their feet relaxed and only

resting on their heels. The intervention was performed at home on

28 consecutive days. Each session was 15 min long. During each ses-

sion, patients had to watch the movement of both ankles on the video,

without imagining the movement or performing it. Figure 1 shows the

intervention as performed by one of the patients included in the study.

2.6 Sample size

The sample size was calculated using the statistical package G *

Power (version 3.1.9.2; Heinrich-Heine-Universität Düsseldorf, Ger-

many). Assuming a large effect size (d= .80), with an alpha level (type I

error) of .05 and a statistical power of 80% (1-β = .80), a sample size

of 12 patients was estimated. Due to the forecast of dropouts dur-

ing the experimental phase and the follow-up period, 15 patients with

haemophilia and ankle arthropathy were recruited. The mean age of

the patientswas 42.73 (SD: 12.36) years. Themajority of patientswere

diagnosed with haemophilia A (80%) and were undergoing on-demand

treatment (53.3%). All patients had a severe disease phenotype (< 1%

FVIII/FIX) and only three patients had antibodies to clotting factor

concentrates (inhibitors).

During the study period, none of the patients included in the

study developed hemarthrosis as a result of the intervention. One

of the study patients was excluded due to failure to adhere to the
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F IGURE 1 Patient performing the intervention of 180-degree
immersive VRmotion visualization

TABLE 1 Descriptive characteristics of patients with haemophilic
ankle arthropathy at baseline

Variables Mean (standard deviations)

Age (years) 42.73 (12.36)

Weight (kg) 81.07 (10.77)

Height (cm) 173.27 (7.52)

BodyMass Index (Kg/m2) 27.01 (3.27)

n (%)

Type of haemophilia

A 12 (80)

B 3 (20)

Treatment

Prophylactic 7 (46.7)

On demand 8 (53.3)

Inhibitors

Yes 3 (20)

No 12 (80)

intervention (64% of the sessions), although this patient was included

in the intention-to-treat analysis. Another patient dropped out of

the study due to eye problems following trauma. The descriptive

characteristics of the patients included in the study are shown in

Table 1.

2.7 Statistical analysis

Data analyses were performed using the statistical package SPSS for

Windows, version 19.0, (IBM Company, Armonk, NY, USA). Intraob-

server reliabilitywas calculated using the intra-class correlation coeffi-

cient. Statistics of central tendency and dispersion (mean and standard

deviation) of the study variables were calculated. The within-subject

effect was calculated using the repeated measures ANOVA. The par-

tial eta-squared value (η2p) was calculated as an indicator of the effect
size, classified as small (.01), medium (.06) or large (.14).34

The minimum detectable change (MDC) was calculated by estimat-

ing the standard error ofmeasurement (SEM). The SEMwas calculated

with the formula: SEM = SDpre ∗ √1-intraclass correlation coefficient

(ICC).35 Based on SEM, theMDCwas obtained (MDC=Z-score ∗ √2 ∗

SEM). The confidence level was set at 95% (Z score= 1.96).36 The pro-

portion of patients whose change exceeded the MDC was calculated.

An intent-to-treat analysis was performed to analyse the results. The

selected significance level was .025 (α= .05 / 2).

3 RESULTS

At the end of the intervention and the follow-up period, we found

within-subject differences (p < .025) in the variables joint status

(F(1.45; 42.14) = 51.38), pressure pain threshold in the lateral malle-

olus (F(2;58) = 12.34) and range of motion (F(2;58) = 11.7). High

effect size was noted for the variables joint health (η2p = .63), external

malleolus pressure pain threshold (η2p = .29), tibialis anterior strength

(η2p = .12) and range of motion (η2p = .28). Table 2 shows the central

tendencyanddispersion statistics, and the repeatedmeasures analysis.

After the intervention there were significant changes in the vari-

ables joint health (p< .001), externalmalleolus pressure pain threshold

(p = .001), tibialis anterior strength (p = .007) and range of motion

(p< .001).When comparing the initial and follow-up evaluations, there

were statistically significant differences in the variables joint health

(p < .001), external malleolus pressure pain threshold (p = .004), and

range of motion (p = .009). Table 3 shows the pairwise comparison

analysis.

At the end of the study period, 46% of the patients showed an

improvement greater than theminimum detectable change (6035) cal-

culated for the lateral malleolus pain threshold (from 39.39 to 46.38

after the intervention). The improvement in range of motion (from

33.20 to 36.47) was greater than the minimum detectable change

(3.921) in 40% of the patients. With regard to joint condition, 36.66%

of the patients showed changes (from12.07 to 10.87) beyond themini-

mum detectable change calculated (1.829). Table 4 shows the analyses

of theminimum detectable change.

4 DISCUSSION

The aim of the study was to evaluate the changes in joint condition,

pressure pain threshold, joint strength and range of motion, after an
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TABLE 2 Means (and standard deviations) andwithin-subject results in each one of the dependent variables of the study for the study groups

Variables T0 T1 T2 W F η2p
Joint health (0–20) 12.07 (2.65) 10.87 (2.28) 11.10 (2.35) .62† 51.37** .63

External malleolus pressure pain threshold

(Kg/cm2)

39.39 (14.23) 46.38 (14.12) 45.04 (14.02) .89 12.34** .29

Internal malleolus pressure pain threshold

(Kg/cm2)

43.64 (13.75) 45.87 (13.04) 45.87 (12.46) .93 3.51 .10

Gastrocnemius strength (N) 283.81 (70.27) 288.20 (70.75) 284.30 (70.21) .91 3.08 .09

Tibialis anterior strength (N) 216.88 (55.69) 224.95 (58.28) 220.32 (52.51) .70† 4.31 .12

Range of motion (degrees) 33.20 (15.82) 36.47 (15.79) 35.20 (15.59) .96 11.70* .28

Outcome measures at baseline (T0), after the 4-week period of interventions (T1) and after 16-week period of follow-up; W: Mauchly’s Sphericity Test; η2p:
partial Eta-squared.

†The df corresponds to Greenhouse–Geisser test.

*Significant difference between assessments (p< .025).

**Significant difference between assessments (p< .001).

TABLE 3 Pairwise comparison analysis, mean difference (and 95% confidence interval), between the assessments

Variables

T0 – T1 T0 – T2

MD 95%CI MD 95%CI

Joint health 1,20** .82 – 1.57 .96** .61 – 1.32

External malleolus pressure pain threshold −6.98* −11.14 –−2.83 −5.65* −9.67 –−1.62

Internal malleolus pressure pain threshold −2.23 −4.41 –−.06 −2.23 −4.96 – .50

Gastrocnemius strength −4.39 −5.91 – 4.93 −.49 −5.91 – 4.93

Tibialis anterior strength −8.07* −14.25 –−1.88 −3.43 −9.22 – 2.35

Range of motion −3.26** −5.12 –−1.40 −2.00* −3.56 –−.44

T0 – T1: outcome measures for baseline to posttreatment assessments; T0 – T2: outcome measures for baseline to follow-up assessments; MD: mean

differences; 95%CI: 95% confidence interval.

*Significant difference between assessments (p< .025).

**Significant difference between assessments (p< .001).

TABLE 4 Minimal detectable change of joint status, joint pain, range of motion and hamstring flexibility evaluated in the different assessments

Variables ICC SEM MDC (MDCp)

Joint health .973 .435 1.829 (36.66)

External malleolus pressure pain threshold .889 4.740 6.035 (46.66)

Internal maleolus pressure pain threshold .968 2.459 4.347 (30.0)

Gastrocnemius strength .994 5.444 6.46 (33.33)

Tibialis anterior strength .986 6.589 7.115 (53.33)

Range of motion .984 2.001 3.921 (40.0)

Abbreviation: ICC, intra-rater intraclass correlation coefficient; SEM, standard error of measurement; MDC, minimal detectable change; MDCp, proportion

of minimal detectable change.

immersive virtual reality intervention in patients with haemophilic

ankle arthropathy. At the end of the intervention improvements were

found in joint condition, pressure pain threshold of the lateral malleo-

lus and range of motion. The treatment using immersive reality did not

cause ankle hemarthrosis during the intervention period.

Treatment using movement observation can improve joint condi-

tion in patients with ankle arthropathy. The Haemophilia Joint Health

Score evaluates the joint condition in patients with haemophilia based

on items which greatly improved in our study. The increase in pressure

pain threshold and range of motion are the main causes of such joint
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improvement. Davari et al37 noted how the change in the joint health

score is related to a better perception of quality of life in patients with

haemophilia. Although our study did not evaluate the quality of life of

our patients, the significant change with a high effect size observed

may represent a future line of work in the management of these

patients.

Krüger et al.38 noted how the pain profile in patients with

haemophilia does not change over time. However, changes observed in

the pressure pain threshold in our study may be mediated by descend-

ing inhibitory pathways. This may be due to the fact that the same

cortical areas activated during movement execution are also acti-

vated when observing the movement. In this way, cortical excitability

increases, which is associated with a decrease in pain perception39

The changes reported in our study are consistent with those observed

by Morales Tejera et al.39 when applying observation of movement in

asymptomatic adult subjectswithout cervical pain. The increased pres-

sure pain threshold during movement visualization is consistent with

the results of a recent study where a 8-week self-induced myofascial

release intervention rendered changes in the pain threshold of patients

with knee arthropathy.40

Physiotherapy techniques in which a mechanical effect is applied,

such as self-induced myofascial release with a Foam Roller40 and man-

ual therapy,41 have shown to be effective in improving the range of

motion in patients with haemophilic knee and elbow arthropathy. The

increased ankle range ofmotion reported in our study using immersive

virtual reality may be due to the neurophysiological effect associated

with the activation of cortical areas.17 The reduction in fear-avoidance

behaviours as described by Vlaeyen et al.9 could be due to the creation

of an illusory image of a healthy limb while observing the action.21 A

study on patients with total knee arthroplasty disclosed an improve-

ment in range of motion of the knee after a 10-day intervention using

motion visualization.42

Visualization of movement can improve quadriceps muscle acti-

vation in patients with knee arthropathy.43 However, none of the

studies have disclosed significant changes in muscle strength after a

motion observation intervention. The improvement inmuscle strength

depends on the generation of changes in the load or in the maximum

speed of movement execution.44

More than 40% of patients in our study reported an improve-

ment exceeding the MDC in pressure pain threshold on the external

malleolus, tibialis anterior muscle strength and range of motion.

These values, although lower than those observed in other studies45

should be interpreted from a clinical perspective. This interven-

tion based on visualization of movement causes changes due to

brain modulation. Similarly, the high effect size values observed for

the variables external malleolus pressure pain threshold, range of

motion and joint health should be highlighted. Despite the small

sample size, these values may indicate the clinical relevance of this

technique in the management of patients with haemophilic ankle

arthropathy.

4.1 Limitations of the study

This study presents several limitations to be accounted for. The study

design as a cohort study limits the interpretation of the results. This

study has not registered the intake of analgesic drugs that could bias

the results, especially with regard to the pressure pain threshold. The

absence of an evaluation of functionality prevents us from establishing

the real impact of immersivemovement visualization.

4.2 Recommendations for future research

Future studies should confirm the results reported for an intervention

using immersivemotion visualization. Randomized,multicentre clinical

studies are essential to implement the effectiveness of this interven-

tion. The inclusion of functionality and psychosocial variables would

allow us to establish the global impact of immersive movement visu-

alization for patients with haemophilic arthropathy. Pain assessment

with different measuring instruments would make it possible to dis-

tinguish between the changes in pain intensity, pain threshold and

inhibitory control.

5 CONCLUSIONS

Therapy using 180-degree immersive VRmotion visualization is safe in

patients with haemophilia. This intervention can improve joint condi-

tion, pressure pain threshold andmobility in patients with haemophilic

ankle arthropathy. Changes greater than the MDC obtained in exter-

nal malleolus pressure pain threshold, tibialis anterior strength, and

range of motion could be considered clinically relevant and used to

evaluate the effect ofmotion visualization in patientswith haemophilic

arthropathy. Randomized clinical studies are needed to confirm the

findings of this study and the efficacy of immersive movement visual-

ization.
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