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1 | INTRODUCTION

The haemophilia joint health score (HJHS) is a formally validated
scoring system to assess changes in joint health in persons with

haemophilia (PwH) over time by trained specialists of various dis-
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Abstract

Introduction: The haemophilia joint health score (HJHS) is a tool used to assess joint
changes in patients with haemophilia. There is lack of consensus on the interpretation
of HJHS scores and their clinical relevance.

Aim: To evaluate available literature reporting HJHS changes over time and assess a
possible cut-off value for clinically relevant outcomes and the ideal follow-up for a
meaningful score change.

Methods: We conducted a literature search of studies published between 2011 and
2023 where the HJHS version 2.1 had been adopted to detect changes in joint health
in patients with haemophilia. We focused on studies that assessed clinical relevance of
HJHS changes, evaluated the use of cut-off values and reported a follow-up over time.
Results: Our search identified 213 publications of which 53 (25%) were deemed rel-
evant for this review. Of these, 33 (62%) publications reported the total HJHS score
and 20 (38%) reported a single joint HJHS score, while the way of reporting HJHS
scores/change was highly variable. Ten publications (19%) assessed clinical relevance,
but their methods of calculation differed (defining a cut-off score, measuring standard-
ised response mean or minimal detectable change). The follow-up duration varied from
2 weeks to 8 years in these 10 studies.

Conclusions: High variability in assessing HJHS change over time is the primary con-
sequence of its low sensitivity, and the lack of consensus on interpretation and clinical
relevance of the score. Therefore, more sensitive tools should be used alongside HJHS

to better define the joint health status of patients with haemophilia.
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ciplines involved in haemophilia care, such as physiotherapists or
qualified musculoskeletal health professionals.%?2 HJHS is a stan-
dardised and common outcome measurement method, which was
originally reported extensively in paediatric patients and young
adults.?
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Version 2.1 of the HJHS has been formally validated in juveniles (4-
18 years) and adults.» 2% It comprises scoring the ankle, knee and elbow
joints as well as global gait, with a maximum score of 20 for individual
joints and 124 for the total score, with a higher score indicating worse
joint condition.»2° To calculate the total score, first, each of the six indi-
vidual joints is scored for eight items (swelling 0- 3, duration of swelling
0-1, muscle atrophy 0-2, crepitus on motion 0-2, flexion/extension
loss 0-3 each, joint pain 0-2, strength 0-4). The total scores are
then added, and together with the gait score (0-4), the total HJHS
score is calculated.2 However, information on the usefulness of scor-
ing the gait is limited and it can be challenging to perform in a clinical
setting. Consequently, some studies chose to not include it.>” In addi-
tion, the single joint scores can also be used to assess individual joint
health.

While it is considered as one of the top five most important outcome
measures for children and adults,® the HJHS has also been criticised
for being too time-consuming to be performed during routine clinical
practice. It may also be less reliable when correlating the score to the
severity of haemophilia in patients aged >40 years, as demonstrated in
a recent study in adults with moderate and mild haemophilia (median
HJHS = 13 and 11 for mild and moderate haemophilia in patients aged
41-50 years, respectively).?

There is currently no uniform definition of what could be considered
a clinically relevant change in HJHS, nor the length of follow-up period
needed to detect such changes. A frequently applied concept is that
of minimal clinically important difference (MCID), which describes the
smallest change in a clinical outcome that is perceived as beneficial by
the patient. Thisis animportant distinction from statistical significance,
which does not necessarily imply clinical relevance.”1° In addition,
HJHS includes a mixture of reversible/modifiable and irreversible fea-
tures (in the absence of surgical intervention, e.g., synovectomy, total
knee replacement). In this context, clinical interpretation of change
versus no-change in the total score can be misleading and should take
the individual items into account.

There is no standardised method to estimate the MCID, but dif-
ferent studies use different methods, thereby leading to difficulties
with interpreting treatment effect.!! One previous study’? defined
a cut-off score of >4 for a clinically relevant change in total HJHS
based on expert opinion and on a previous assessment of HJHS in a
group of healthy young men, showing that total HJHS scores ranged
between 0 and 3.3 Only few other studies have adapted this cut-off
score. Others have used different definitions, such as calculating a mini-
mum detectable change (MDC). MDC estimates the smallest amount of
change that can be considered a real change and is calculated from the
standard error of measurement. In the present article, we reviewed the
available literature assessing a change in HJHS over time in PwH, focus-
ing on those that defined clinical relevance. Our aim was to provide an
overview of the range of HJHS changes observed in clinical practice,
the utilisation of cut-off values to detect a clinically relevant change
in HJHS, and the length of follow-up that may be required to record a

meaningful difference.
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2 | METHODS

2.1 | Database search and screening strategy

A PubMed search was conducted in June 2023 using the search
string “((“Haemophilia Joint Health Score”[all] OR “Hemophilia Joint
Health Score”[all] OR “HJHS”[all]) AND ((“2011”[Date - Publica-
tion]: “3000"[Date-Publication]))) AND (“English” [Language])”. Peer-
reviewed publications published between January 2011 (when HJHS
version 2.1 was developed) and June 2023 were screened for eligibil-
ity. Publications in English using HJHS to detect changes in joint score
over time (i.e., providing two or more measurements or a delta value)
were included. Publications published before 2011 or reporting use
of the HJHS outside of the indication of haemophilia were excluded.
Titles and abstracts were first screened for initial eligibility, followed

by assessing the full text of publications.

2.2 | Data extraction

One reviewer performed the screening and data extraction, with
questions and unclarities discussed with two other reviewers when
necessary. Data extracted from each publication included: informa-
tion on publication details, haemophilia severity, number and age of
patients, number of patients on prophylaxis, study intervention or
assessment, HJHS scores at baseline and post-trial as well as any
reported change, study power, study time interval and any cut-offs or
factors influencing the score.

3 | RESULTS

3.1 | Screening result

Our search identified 213 potentially relevant publications and the
authors added one additional reference to be screened for inclusion.
The reason for this reference not having been identified in the original
search is most likely that the search term “HJHS” was not mentioned
neither in the title nor in the abstract. After removal of one duplicate
and other non-relevant references based on screening of the titles and
abstracts, the full text of the remaining publications was screened for
inclusion, and data extraction was subsequently performed on 62 pub-
lications. Nine further publications were removed after data extraction
due to incomplete reporting or the publications being deemed out of
scope, leaving 53 (25%) publications for the review (Figure 1). Of these,
33 (62%) reported the total HJHS score and 20 (38%) reported the
HJHS scores for single joints only. From those publications reporting
the HJHS score of all six joints, two excluded the gait score.®” An addi-
tional study did not specify its use (implying its exclusion).1* The full
list of publications, including full data extraction results can be found in
Table S1.
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1 duplicate record

removed

143 records excluded

n =122 HJHS not measured over time
n =6 HJHS not measured

n = 4 case reports

n = 4 letters/commentary/corrigendum
n = 3 review articles

n = 2 study protocol

n = 1 secondary analysis

n = 1 out of scope

8 references excluded

» n =5 HJHS not measured over
time or not reported
n = 3 incomplete data reported

9 further references excluded
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PRISMA flow diagram of the literature search performed for this review. A literature search was conducted on papers published

between 2011 and 2023 that used the Haemophilia Joint Health Score (HJHS) in the context of haemophilia.

The majority of studies reported results from a mixed age group,
including children and adults (the total age range was 0.8-83 years).
Changes in HJHS over time were calculated and reported in 24 pub-
lications; the largest decrease in scores reported was —6.14 and the
largest increase was +3.77.116 Other publications reported only the
HJHS scores pre- and post-intervention (e.g., physiotherapy, factor
treatment, fascial therapy) rather than a delta value. In addition, the
reporting of averages for pre- and post-study HJHS and HJHS change,
for example, by mean or median, standard deviation (SD), interquartile
range (IQR) or 95% confidence interval (Cl), was highly variable among
the included studies.

3.2 | Clinical significance

Ten out of 53 publications (19%) defined clinical relevance when
reporting their results; these studies are listed in Table 1.Three stud-
ies defined a clinically meaningful change as >4 for total HJHS or >2
for individual joint score.’21718 One study calculated the MCID by
multiplying the baseline SD scores by 0.2,1? and another study used
the standardised response mean (SRM) to estimate clinically relevant
changes.?° Five further studies calculated the MDC in their data to

assess clinical relevance.21-25

Out of those publications that calculated clinical relevance based on
a cut-off score, Kuijlaars et al. found clinically relevant joint deteriora-
tion in 37.1% of participants receiving standard of care after a median
follow-up of 8 years,'2 while two other studies with shorter follow-
up times of up to ~2 years had mixed results.'”-18 Wall et al. reported
that while HJHS total scores significantly improved in patients who
switched to emicizumab from conventional treatment, this did not
reach clinical significance.’” Another study by Kiialainen et al. evaluat-
ing emicizumab prophylaxis found clinically significant improvements
after 48 weeks, but only in joint-specific HJHS in younger patients or
those with target joints.'®

Calatayud et al. reported a clinically relevant improvement in total
HJHS after an 8-week long strength training programme, as well as sig-
nificant reduction in pain and improved muscle strength.2? Groen et al.
calculated the SRM (the mean change divided by the SD) to estimate
a clinically relevant change in total HJHS.2° They reported a SRM of
—0.9, corresponding to a —3.3 mean reduction in total HJHS after a 2-
week long physical rehabilitation. Since SRM values of 0.8 represent a
large response to therapy,2® these results suggest a high response to
the rehabilitation programme.

The studies that assessed an MDC measured HJHS in single joints
rather than total HJHS. Of these studies, only one reported that most

(57.1%) patients in the experimental group had a clinically relevant
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TABLE 1 Studies published between 2011 and 2023 that assessed the clinical relevance of change in HJHS scores.
HIHS score Clinically Change time
Treatment Pre-treatment Post-treatment HJHS change relevant? interval Reference
Emicizumab CG:4(0;13) CG:3(0;19) CG:0(-2;3.3) No 25 months Wall et al.”
EG: 16 (4; 34)? EG:11(2;31)? EG: -2(-9;1.5)? (HJHS >4)
Emicizumab With TJ: 25.6 - All participants: YesP 49 weeks Kiialainen
(20.9)¢ —1.86 (-3.53; —0.20) (HJHS >4) etal.®
With TJ: -2.28,
(-4.15; -0.42)°
No 8.5(3.8;14.8)2 11.0(4.0; 19.0)? Not reported No 8 years Kuijlaars et al.’?
intervention/SoC (HJHS >4) (median FU)
Elastic resistance - - EG: -2.89 (-5.85; Yes 8 weeks Calatayud
training 0.07) (baseline etal.’?
CG:.99 (-1.97; 3.95)° SD x0.2)
Rehabilitation 11.0(3.0; 19.0)? 6.0(2.0;11.0)2 —-3.3(3.6)° Yes 2 weeks Groen et al.?®
(SRM) (median FU)
Fascial therapy? EG: EG: EG: Yes 3 weeks Pérez-Llanes
Left 9 (10) Left 8 (9) Left 1.00 (1.56) (MDC) etal.2!
Right 5 (4) Right 4 (5) Right: 1.14 (1.22)
CG: CG: CG:
Left 5 (7) Left 5 (10) Left —0.14 (2.34)
Right 11 (7)? Right 8 (7)? Right: 0.43 (1.27)°
Self-induced 5.42 (4.4)° 4.04(3.1)° 1.38(0.94; 1.81)° No 8 weeks Pérez-Llanes
myofascial release? (MDC) etal.25
Immersive VR? 12.07 (2.65)° 10.87 (2.28)¢ 1.20(0.82; 1.57)¢ No 4 weeks Ucero-Lozano
(MDC) etal.??
Immersive VRY 10.77 (3.4)¢ 9.92(3.1)° —0.84 (-1.16; -0.52)° No 4 weeks Ucero-Lozano
(MDC) etal.2*
Myofascial release EG: 9.67(3.87) EG:8.14(3.75) 0.66(0.45; 0.86)° No 3 weeks Cuesta-Barriuso
CG: 8.01(4.2)° CG: 8.22 (4.29)° (MDC) etal.?®

Note: Ten papers assessed clinical relevance with varying assessment intervals.

Abbreviations: CG, control group; Cl, confidence interval; EG, experimental group; FU, follow up; HJHS, Haemophilia Joint Health Score; IQR, interquartile
range; MDC, minimum detectable change; PedHAL, paediatric haemophilia activities list; SD, standard deviation; SRM, standardised response mean; TJ, target

joint; VR, virtual reality.

aThe HJHS scores or the change were reported as median (IQR) in these studies.

bA clinically relevant improvement in HJHS was only found in the joint specific domains.
“The HJHS scores or the change were reported as mean (SD) or mean (95% Cl) in these studies.
d0nly single joint HJHS scores (e.g., elbow or knee joints) were measured in these studies.

improvement in their elbow joint after a 3-week long fascial therapy
directed to the elbows.?! In the other four studies using short interven-
tions of myofascial release or immersive virtual reality (VR), the change
in single joint HJHS did not reach the calculated MDC in most patients
despite a statistically significant change in the score in some of these

studies.?2-25

4 | DISCUSSION

We have identified 53 references that assessed changes in HJHS over
time in patients with haemophilia in the past 12 years. There was a
high variability among these studies in terms of reporting standards,
and only a small fraction (n = 10, 18.8%) included an assessment of
the potential clinical relevance of their findings. There is currently no
uniform definition of what could be considered a clinically relevant
change in HJHS.

Some studies in the past calculated an MDC from their results and
compared the average change to the MDC, this is however based on
measurement error and varies between studies. Some studies used
cut-off points based on available data from healthy patients to assess
clinical relevance. Most studies to date, however, did not discuss
clinical relevance in relation to their results.

The HJHS has demonstrated very good to excellent reliability
(intra-rate interclass correlation coefficient [ICC] = 0.89, inter-rate
ICC = 0.83),* and moderate to strong construct validity.2 Although
the HJHS is the most psychometrically studied instrument for assess-
ing joint health among patients with haemophilia,® there is a lack of
guidance for interpreting total HJHS scores. Specifically, total scores
on the HJHS cannot be used for the interpretation and prediction of
long-term outcomes for people living with haemophilia.

Two approaches for assessing clinical relevance may be to either
define a cut-off score (e.g., post-treatment HJHS score < X) that implies

preservation of joint function, or to define a specific change in score
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(e.g., AHJHS > X) that reveals an improvement in joint health. Three
studies in the current review defined total HJHS score of >4 as a cut-
off value based on data from healthy patients. However, it should be
noted that HJHS values can be as high as 12 or 19 in healthy adults
below or above 50 years, respectively.? In addition, the same score
might have a significantly different clinical weight and meaning in dif-
ferent patient populations (e.g., children vs. adults; patients who did
not receive long-term prophylaxis vs. those who did). Likewise, a high
total score consisting of low scores in each of the assessed joints may
imply impaired functional ability in individuals that are actually very
able physically. Therefore, besides reporting the total score, studies
should also provide the context for the changes in score. For example,
after a therapy switch, pain may be the main contributor in the short
term, while on the long term, atrophy and/or flexion/extension loss may
become more important (this also depends on whether physiotherapy
is added to the treatment).

There is some evidence suggesting that severity of haemophilia,*?
prophylaxis, recent joint bleeds, and presence of inhibitors can have an
effect on HJHS scores.2” Some of the publications in this study included
only patients on prophylaxis, while others had mixed populations in
terms of treatment. Due to the heterogeneity of the publications, it
is very difficult to draw any general conclusion on the impact of pro-
phylaxis on HJHS scores. To confirm previously established factors
associated with HJHS scores, as well as exploring additional factors
(e.g., number of clinic visits, proximity to haemophilia treatment cen-
tres, number of surgical interventions, etc.), more research is needed.
Additionally, there is presently no evidence supporting the use of total
HJHS scores to predict adverse haemophilia-related outcomes such
as annual bleed rate, number of target joints, and number of surgical
interventions.

Regarding the observation period needed to capture a relevant
change in the joint scores after a shift in therapy, the results in this
review were mixed, as some studies reported a significant change
after only a few weeks of intervention, while others found compa-
rable scores or smaller changes after several years. The length of
follow-up period required to measure clinically relevant changes is
likely to be highly dependent on the type of intervention (e.g., physi-
cal interventions such as exercise or fascial therapy vs. pharmacological
interventions), and the timing of the assessment following acute inter-
ventions (e.g., surgery). Several studies identified age, bleeding rates
and haemophilia severity to correlate with changes in the HJHS scores,
while the follow-up duration did not, and severe joint damage can be
irreversible regardless of treatment duration.®121828 The effect of a
longer treatment duration may also be influenced by adherence, which
correlates with changes in joint scores.2? Additionally, it is unknown
whether a minimum observation period is required to capture relevant
changes in specific age groups, such as children.

There are several limitations that should be considered for the use
of the HJHS. Firstly, due to the duration of the assessment (normally
45-60 min) it can be difficult to integrate it into a busy clinic schedule,
and there is currently a lack of physiotherapists or qualified muscu-

loskeletal health professionals trained to complete the assessment. In
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light of this, it has been already proposed to shorten its assessment to
include only the most relevant items; however, this approach has not
been validated yet.?

As detailed above, the HJHS achieved high inter-rater reliabil-
ity scores in an initial reliability study by Hilliard et al.* However,
Nijdam et al. reported discrepancies in routine HJHS assessment
between physiotherapists.3* This may hamper comparison of scores,
particularly in long-term and/or multicentre studies.

Based on the currently available evidence, change in HJHS should
not be used as a unique outcome for joint health in the current treat-
ment landscape and it should ideally be accompanied by more sensitive
approaches.?2 In addition, more focus should be given to the very early
signs of joint damage. While HJHS is a valid and reliable tool to follow
patient joint health over time, its usefulness may be limited for describ-
ing the correlation between joint involvement, functional impairment,
and the potential impact on quality of life. For example, a lower score
on the scale due to low ratings of certain items for a specific joint might
imply good overall joint health, while functionally it might be a more
significant problem for the patient.

There is still a need to clarify questions such as what a clinically
relevant change means in this context, the length of follow-up period
sufficient to detect these changes, and what can be considered as
evidence of joint health being sustained. Future studies, such as the
currently ongoing pathfinderReal study designed to assess whether
joint health is maintained in patients with haemophilia A after switch-
ing to an extended half-life prophylactic treatment, could help evaluate
these questions.33

Importantly, a holistic approach should be considered when eval-
uating patients’ joint health as the HJHS alone gives little to no
information on patients’ ability to perform everyday activities. There-
fore, measures such as the HJHS should be used in conjunction with
performance-based measures of physical functioning.®*

5 | CONCLUSION

In conclusion, the available data on changes in HJHS are highly het-
erogenous and changes in joint scores over time are influenced by
several factors, which should be considered when planning follow-up
duration for a given treatment. Based on the available literature, a cut-
off score of 4 for change in total HJHS and 2 for individual joints could
be accepted to assess clinical relevance, but the real relevance of these

cut-off scores should be further evaluated in future studies.
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