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Abstract
Introduction: The Hemophilia Joint Health Score (HJHS) was developed to detect 
early changes in joint health in children and adolescents with haemophilia. The HJHS 
is considered by some to be too time consuming for clinical use and this may limit 
broad adoption.
Aim: This study was a first step to develop a shorter and/or more convenient version 
of the HJHS for the measurement of joint function in children and young adults with 
haemophilia, by combining real-life data and expert opinion.
Methods: A cross-sectional multicenter secondary analysis on pooled data of pub-
lished studies using the HJHS (0-124, optimum score 0) in persons with haemophilia 
A/B aged 4-30 was performed. Least informative items, scoring options and/or joints 
were identified. An expert group of 19 international multidisciplinary experts evalu-
ated the results and voted on suggestions for adaptations in a structured meeting 
(consensus set at ≥ 80%).
Results: Original data on 499 persons with haemophilia from 7 studies were evalu-
ated. Median age was 15.0 years [range 4.0-29.9], 83.2% had severe haemophilia and 
61.5% received prophylaxis. Median (IQR) HJHS total was 6.0 (1.0-17.0). The items 
'duration swelling' and 'crepitus' were identified as clinically less informative and ap-
pointed as candidates for reduction.
Conclusion: Analysis of 499 children and young adults with haemophilia showed that 
the HJHS is able to discriminate between children and adults and different treat-
ment regimens. Reduction of the items 'duration swelling' and 'crepitus' resulted in 
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1  | INTRODUC TION

Musculoskeletal assessment is an important component of the 
comprehensive care program for persons with haemophilia 
(PWH).1 The Hemophilia Joint Health Score (HJHS) is recom-
mended to evaluate joint health in clinical care and research.2 The 
HJHS 1.0 was developed in 2003 and further developed in ver-
sions 2.0 and 2.1 by the International Prophylaxis Study Group 
(IPSG) Musculoskeletal Health Expert Working Group (EWG) for 
detection of early joint changes in children and youth with hae-
mophilia.3,4 Also in adolescents, the HJHS is a feasible and reliable 
tool.5

HJHS assessment including scoring takes approximately 
45-60 minutes per patient, which has been felt, by some, to be 
impractical and infeasible, especially in a busy clinical setting. 
Therefore, there is a demand for a shorter version of the HJHS for 
clinical practice and time limited settings. With more studies using 
the HJHS being conducted internationally over the last 15 years, 
there is an opportunity to determine which items, scoring op-
tions and joints are universally important for different patient 
populations.

This study was a first step to develop a shorter and/or more con-
venient version of the HJHS for the measurement of joint function 
in children and young adults (aged 4-30 years) with haemophilia, by 
combining real-life data and expert opinion.

2  | MATERIAL S AND METHODS

This study was a multicenter secondary analysis of pooled data 
of published studies using the HJHS. After statistical analyses of 
the pooled data, results of this study were discussed and sugges-
tions for adaptations were formally voted on, in an international 
expert meeting on 3 October 2019 in Utrecht (The Netherlands). 
This blended methodology was chosen since no criterion standard 
for the construct ‘joint health’ is available. In addition, consensus 
between HJHS developers, users and investigators is needed for 
adaptations of the HJHS, as well as implementation of recom-
mended adaptations.
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the HJHSshort, which had the same discriminative ability. Additional steps are needed 
to achieve a substantially shorter HJHS assessment.
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Key points

• The Hemophilia Joint Health Score (HJHS) is considered 
to be too time consuming.

• Real-life HJHS data and expert opinion were combined 
to develop a shorter HJHS.

• The items 'duration swelling' and 'crepitus' were identi-
fied as candidates for item reduction.

• Additional steps are needed to achieve a substantially 
more time efficient HJHS assessment.
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The Medical Research Ethical Committee (MREC) of the 
University Medical Center Utrecht reviewed and approved the study 
(17-499/C).

2.1 | Pooling of published HJHS data

A literature search identified 48 studies published between 2006 
and 2019, which used either the HJHS 1.0, HJHS 2.0 or HJHS 2.1 in 
PWH. Forty-three of these studies had unique data. Inclusion criteria 
were PWH A (FVIII) or B (FIX) of all severities, aged 4-30 years. PWH 
were excluded if there were fewer than 5 complete items or fewer 
than 4 complete joints on the HJHS assessment. First, studies with 
<20 eligible PWH (n = 9), without full text papers (n = 1) or with-
out HJHS data for all joints (n = 5) were excluded. The first valida-
tion study of the HJHS was also excluded.4 Second, of the remaining 
27 studies, the authors (IK, JN, BF, KF) selected studies to create a 
heterogeneous mix of PWH from different countries and treatment 
regimens, taking into account existing collaborations with authors of 
the studies like the IPSG Musculoskeletal Health EWG members. A 
sample size of 500 has been recommended for this sort of work.6

Authors of 16 papers were invited to share the original HJHS 
data (with scores on the item level) and patient characteristics. 
Two authors declined the invitation because HJHS item scores 
were unavailable. Seven authors did not reply to our request to 
share the data. Eventually, data of all children (4-17 years) and 
young adults (18-30 years) from seven remaining studies were in-
cluded in the analysis.7-13 One study used HJHS version 1.0,8 one 
study used HJHS version 2.07 and the other studies used HJHS 
version 2.1.9-13

2.2 | Measurements

Patient characteristics collected for the included datasets were 
age at HJHS assessment, type of haemophilia (A or B), severity of 
the disease (mild [factor 0.06 IU/mL-0.40 IU/mL], moderate [factor 
0.01 IU/mL- 0.05 IU/mL] or severe [factor <0.01 IU/mL]), clotting 
factor regimens (prophylaxis yes/no and start prophylaxis before 
age of 3 years yes/no) and current inhibitor status for each indi-
vidual patient.

2.2.1 | HJHS

The HJHS 2.1 is the most recent version and consists of assess-
ments of swelling (0-3), duration of swelling (0-1), muscle atrophy 
(0-2), crepitus on motion (0-2), flexion loss (0-3), extension loss (0-3), 
joint pain (0-2) and strength (0-4) for elbows, knees and ankles and 
a global gait score (0-4). Scores range from 0 to 20 per joint and the 
global gait score ranges from 0 to 4, resulting in a total HJHS score 
from 0 to 124 points.14 A higher score indicates worse joint health. 
Scores of version HJHS 1.0 were converted to HJHS 2.1 by recoding 

of the original data for the items flexion loss, extension loss and gait 
(per joint) and deleting of the items axial alignment and instability. 
For datasets of version HJHS 2.0 and HJHS 2.1, scores on ‘flexion 
loss’ and ‘extension loss’ were copied.

2.3 | Statistical analyses

Patient characteristics were presented as proportions or medians 
(interquartile ranges [IQR:P25-P75]). Descriptive analyses (median 
[IQR], proportions of score categories) were performed for the HJHS 
total scores and joint scores. HJHS scores were compared for two 
age groups (children [4-17years] vs. adults [18-30 years]) and two 
different treatment regimens, defined as less intensive treatment 
(Romania, Pakistan, Lithuania, Brazil, USA) vs. intensive treatment 
(the Netherlands, UK, Canada) according to access to (early) prophy-
laxis (see Table 1).

To identify redundant items the following aspects were 
evaluated.

1. Inter-item correlations were evaluated. Inter-item correlations 
calculated with Spearman's rho <0.2 indicated items, which 

TA B L E  1   Patient characteristics

Intensive 
treatment 
(n=220)

Less intensive 
treatment 
(n=279)

Children 
(n = 275)

n=183 n=142

Age (years), 
median (IQR)

11.6 (8.9-14.7) 11.8 (9.0-15.0)

Haemophilia 
severity, %

Mild 0 2.8

Moderate 8.2 19.0

Severe 91.8 78.2

Prophylaxis, % 92.3 33.1

Early prophylaxis 
(<3 y) / 
prophylaxis, %

67.8a  26.1b 

Adults 
(n = 174)

n=37 n=137

Age (years), 
median (IQR)

24.6 
(20.9-27.2)

23.8 
(20.9-26.8)

Haemophilia 
severity, %

Mild 0 7.3

Moderate 0 20.4

Severe 100 72.3

Prophylaxis, % 81.1 44.5

Early prophylaxis 
(<3 y) / 
prophylaxis, %

14.3 0

aMissing n=20. 
bMissing n=1. 
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do not correlate with any of the others and >0.9 indicated 
item redundancy.15

2. Component loadings on exploratory factor analyses were evalu-
ated. Factor loadings <0.5 were considered indicators of item re-
dundancy.15 Model fit was evaluated with the Root Mean Square 
Error of Approximation [RMSEA].

3. Internal consistency calculated with Cronbach's α and internal 
consistency after item deletion were evaluated on joint level. 
Cronbach's α should be between 0.7 and 0.9; a higher Cronbach's 
α after item deletion was considered a reason to eliminate an 
item.15 Global gait was included for the knees and ankles.

4. Item-total correlations for total joint scores were evaluated. Item-
total correlations calculated with Spearman's rho <0.3 were indi-
cators for an item that did not contribute to measurement of the 
construct.15

5. Proportions of zero and maximum scores on HJHS items were ana-
lysed for each joint (elbow, knee, ankle) to detect floor- and ceiling 
effects (≥85% zero or maximum scores on items),4,15 in two age 
groups (children vs. adults) and two different treatment regimens, 
defined as less intensive treatment (Romania, Pakistan, Lithuania, 
Brazil, USA) vs. intensive treatment (the Netherlands, UK, Canada).

After item deletion a shortened HJHS total score (HJHSshort) was 
calculated. To evaluate the ability to discriminate between various pa-
tient groups, median HJHS total scores (HJHSfull and HJHSshort) were 
calculated for children vs. adults and PWH receiving less intensive 
treatment vs. intensive treatment. In addition, proportions of PWH 
with affected joints were calculated with a cut-off point of ≥4 score for 
HJHSfull and ≥3 score for HJHSshort, as HJHS scores up to 3 were shown 
in healthy subjects based on the items crepitus and flexion loss.16

For the comparison of the HJHSfull and HJHSshort, scores were 
normalized from 0 to 100. Spearman's correlations, two-way mixed 
consistency Intraclass Correlation Coefficient (ICC) and Limits of 
Agreement (LoA) were calculated with the normalized scores.

To identify which scoring options were scored, endorsement for 
all scoring options for each item (% of options) was evaluated. To 
identify which joints were affected, descriptive analyses on joint 
level were performed.

2.4 | Expert meeting

Nineteen international experts participated in the 1-day expert meet-
ing. A purposive sample of members of the IPSG Musculoskeletal 
Health EWG, experienced users of the HJHS and investigators of the 
included studies was selected. The expert group included eight phy-
sicians and eleven physical therapists. The expert meeting started 
with a presentation of the analysis of the pooled data and pub-
lished literature on the HJHS scoring system,17 crepitus in healthy 
subjects16,18 and HJHS use for monitoring joint changes.19 This was 
followed by three structured discussion sessions about the topics: 
item reduction, scoring options and number of joints assessed in the 
HJHS. Each discussion included five steps: presentation of results of 

the pooled data and statements for voting; questions for clarifica-
tion of the results; first voting; discussion; and final voting. Experts 
voted anonymously with the online tool Mentimeter.com. Results of 
each vote were shown to the experts when all experts completed 
the vote on a statement. If at least 80% of the experts agreed, con-
sensus was reached about a statement. BF moderated the discussion 
sessions.

3  | RESULTS

3.1 | Patient characteristics

In the seven studies, 499 PWH A or B (children [n = 325]; young 
adults [n = 174]) were included. Four PWH were excluded because 
they had <5 completed items or <4 completed joints assessed on the 
HJHS. The data are from Romania, the Netherlands, United Kingdom, 
Pakistan, Lithuania, Brazil, Canada and the United States. Patient 
characteristics according to age and treatment intensity are shown in 
Table 1. Median age at the time of HJHS assessment was 15.0 years 
(IQR 10.4-21.3, range 4.0-29.9). Most PWH had severe haemophilia 
(n = 415, 83.2%). More than half of the PWH (n = 307, 61.5%) used 
prophylaxis and 38.1% of these PWH had received early prophylaxis. 
Seventeen PWH (3%) had an inhibitor at HJHS assessment.

For the data from Pakistan about treatment regimen and from the 
United States about start of prophylaxis, assumptions were made, 
after contact with the authors and published patient characteristics.

3.2 | HJHS total and joint scores

The median (IQR) HJHS total score was 6.0 (1.0-17.0), with a range of 
0-63. Twenty-one per cent of the PWH had a total score of 0 (chil-
dren 26%;young adults 10%). Young adults had higher HJHS scores 
(11.5 [4.0-23.0]) than children (5.0 [0.0-12.0]). PWH receiving less 
intensive treatment showed higher HJHS scores (12.0 [5.0-26.0]) 
than PWH receiving intensive treatment (2.0 [0.0-7.0]). The ankles 
were the most affected joints, followed by the knees and elbows 
(see Figure 1).

3.3 | Discussion session 1: HJHS items

Figure 2 shows the process of discussion session 1 from the statisti-
cal analyses of the pooled data up to the validation of the HJHSshort.

3.3.1 | Selection of items eligible for item reduction

Reduction in item number was the first technique explored to re-
duce the time needed for HJHS assessment.

Inter-item correlations suggested no items were eligible for 
item reduction, since items did not show correlations >0.9 or <0.2. 
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Swelling’ and ‘duration swelling’ showed the strongest correlation 
(r = 0.78-0.80) for elbows, knees and ankles.

The exploratory factor analyses suggested no items were eligible 
for item reduction. A 3-factor model was selected which included all 
HJHS items of the elbows, knees and ankles. Three factors were iden-
tified, namely elbows, knees and ankles. The model fit of the 3-factor 
model was good (RMSEA = 0.05). The highest factor loading for each 
item was >0.5. In addition, each joint was analysed separately using 
1-factor models. The model fits of the 1-factor models were moder-
ate (RMSEA = 0.07-0.08). For all items, the factor loadings were >0.5.

The internal consistency analyses suggested no items were eligi-
ble for item reduction. HJHS items were strongly related (Cronbach's 

α = 0.78-0.87) without a distinct increase in Cronbach's α after item 
deletion of separate items, except from item deletion of global gait 
in the knee joint.

In addition, item-total correlations showed high correlations 
(r = 0.37-0.69), thus identifying no candidates for item reduction.

Proportions of zero scores on HJHS items were analysed in four 
groups stratified by age and treatment intensity. The proportions of 
zero scores were highest for ‘duration swelling’ (varying from 78% to 
98% for the different joints) and lowest for ‘global gait’ (35%-64%). The 
other items had proportions of zero scores of 63%-99%. Proportions 
of zero scores were higher in children and more intensively treated 
PWH.

F I G U R E  1   HJHS joint scores for all 
PWH (n = 499). HJHS joint scores > 10:2% 
for the elbow, 1% for the ankle [Colour 
figure can be viewed at wileyonlinelibrary.
com]

65 62
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40
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86

0%

20%

40%
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>10
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0

F I G U R E  2   Flow chart of discussion session 1. Criteria for item reduction were: 1 Factor loadings < 0.5; 2 Cronbach's alpha < 0.7 or > 0.9; 
3 correlations < 0.3 [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
www.wileyonlinelibrary.com


     |  1077KUIJLAARS et AL

Proportions of zero scores are shown in Table 2. Detailed data 
of the 3-factor exploratory factor analysis and 1-factor exploratory 
analyses are shown in the Supporting information.

3.3.2 | Expert voting 1

The results of the voting are shown in Table 3. The experts reached 
consensus that ‘duration swelling’ (95%) and ‘crepitus’ (95%) are re-
dundant items. Experts discussed the reliability of the item ‘dura-
tion swelling’ and the potential impact of recall bias on reliability, 
considering this is part of the clinical history rather than physical 
examination of the joint. For ‘crepitus’, an important argument for 
dropping it was that crepitus is also reported frequently in healthy 
people.16,18 The items considered as most important were swelling 
(100%: important), extension loss (100%), strength (95%) and global 
gait (84%). In addition, the experts discussed the item ‘global gait’: 
whether it should be part of the HJHS as a tool assessing structure 
and function, or whether ‘global gait’ should be scored separately.

3.3.3 | Validation of HJHSshort

An HJHSshort was created by deletion of the items ‘duration swell-
ing’ and ‘crepitus’ (0-106). Abnormal HJHS joint scores based on 

‘crepitus’ only were observed infrequently (elbows 1.0%; knees 
3.6%; ankles 5.5%). Abnormal HJHS joint scores based on ‘dura-
tion swelling’ only were not observed. HJHS total scores for the 
HJHSfull and the HJHSshort and proportions of affected joints are 
shown in Table 4. The proportions of affected joints (HJHSfull ≥ 4; 
HJHSshort ≥ 3) were slightly higher for the HJHSshort. HJHSshort was 
still able to discriminate between children vs. adults and PWH with 
less intensive treatment vs. intensive treatment. The normalized 
HJHSfull and HJHSshort correlated strongly in children and adults 
(r = 0.98) and in PWH with less (r = 0.99) and more intensive treat-
ment (r = 0.97), with an ICC of 0.99 and LoA of −3.1 to 3.3 for the 
normalized scores.

3.4 | Discussion session 2: scoring options

3.4.1 | Frequency of endorsement for 
scoring options

Reduction of the number of scoring options for each item  
may be another way to reduce the time needed for HJHS as-
sessment. Frequencies of endorsement for all scoring options 
are shown in Table 5. All items except ‘duration swelling’ and ‘ 
global gait’ had scoring options, which were scored in ≤ 5% of 
the PWH.

TA B L E  2   Proportions of zero scores in PWH with intensive treatment vs. less intensive treatment and children vs. adults.

Intensive treatment (n=220) Less intensive treatment (n=279)

Elbow Knee Ankle Elbow Knee Ankle

Children (n=275) % zero scores n=183 n=142

Swelling 97 98 86 79 74 83

Duration swelling 98 98 92 87 85 91

Atrophy 97 95 90 79 66 75

Crepitus 98 92 85 88 78 87

Flexion loss 95 96 93 72 74 80

Extension loss 94 97 88 84 84 88

Pain 98 97 97 78 74 90

Strength 98 98 92 70 67 75

Global gait 64 35

Adults (n=174) % zero scores n=37 n=137

Swelling 99 95 92 86 77 72

Duration swelling 99 95 92 91 86 78

Atrophy 89 89 78 86 71 73

Crepitus 91 92 78 80 69 70

Flexion loss 66 89 74 74 73 72

Extension loss 68 93 70 75 86 76

Pain 97 99 97 80 77 78

Strength 93 95 81 82 71 74

Global gait 57 40

In grey: <85% zero scores.



1078  |     KUIJLAARS et AL

3.4.2 | Expert voting 2

The results of the voting on scoring options are shown in the 
Supporting information. For ‘pain’, 79% of the experts voted that 
the scoring options could be reduced from three categories (no pain 
through active range of motion/no pain through active range; only pain 
on gentle overpressure or palpation/pain through active range) to a 
binominal scoring. An important argument against reduction of scor-
ing options was that reducing the scoring options would only result 
in a minor reduction of the duration of HJHS assessment. It was de-
cided that reduction of scoring options was not a feasible suggestion 
for shortening HJHS assessment.

3.5 | Discussion session 3: joints

3.5.1 | Joints

Reduction of the number of joints which needs assessment may be 
another way to reduce the time needed for HJHS assessment. The 
ankles were the most frequently affected joints, followed by the 
knees and elbows (see Figure 1). Ankles were most frequently af-
fected in PWH on intensive treatment, while knees were most fre-
quently affected in PWH on less intensive treatment.

3.5.2 | Expert voting 3

The results of the voting on joints are shown in the Supporting in-
formation, which proposed measuring a reduced number of joints. 
During the discussion, experts suggested that screening of joints 
instead of a full HJHS assessment could be a way to reduce time of 
HJHS assessment: ‘assess all joints that fail a screening examination 
of medical/bleeding history and a physical examination’. However, 
a decision regarding which items to screen and how was consid-
ered beyond the scope of this meeting. Another topic discussed by 
the experts was that the most affected joint is not always the joint 
which needs the most attention. The experts reached consensus 
(94%) that for clinical practice a way to reduce assessment time is 
that only joints that fail a screening examination should be assessed 
with the full HJHS. The experts did not reach consensus (74%) about 

TA B L E  3   Results of discussion session 1 aimed at identifying 
redundant HJHS items

Item

Voting 1 Voting 2

Redundant, n (%) Redundant, n (%)

Swelling 0 (0) 0 (0)

Duration swelling 11 (58) 18 (95)

Atrophy 7 (37) 8 (42)

Crepitus 13 (68) 18 (95)

Flexion loss 2 (11) 7 (37)

Extension loss 0 (0) 0 (0)

Pain 8 (42) 12 (63)

Strength 6 (33)a  1 (5)

Global gait 4 (21) 3 (16)

Note: Question to experts: Is this item important or redundant? Answer 
options: important/redundant.
 a18 voters during first voting. 

TA B L E  4   Comparison of the HJHSfull total score vs. the 
HJHSshort total score, after item deletion of 'duration swelling' and 
'crepitus'

HJHSfull (0-124) HJHSshort (0-106)

median (IQR)
% affected 
(≥4) median (IQR)

% affected 
(≥3)

Intensive 
treatment 
(n = 220)

2.0 (0.0-7.0) 43.2 2.0 (0.0-5.0) 44.5

Less 
intensive 
treatment 
(n = 279)

12.0 (5.0-26.0) 78.5 10.0 (4.0-22.0) 80.3

Children 
(n = 325)

5.0 (0.0-12.0) 55.7 4.0 (0.0-10.0) 57.8

Adults 
(n = 174)

11.5 (4.0-23.0) 76.4 9.0 (3.0-20.0) 77.0

Note: Proportions of PWH with affected joint were calculated with a 
cut-off point ≥ 4 for HJHSfull and ≥ 3 for HJHSshort, according HJHS 
scores from 0-3 shown in healthy subjects with scores on crepitus and 
flexion loss.16

TA B L E  5   Distribution (%) of the scoring options of all HJHS items, for all PWH (n = 499)

Scoring 
option Swelling

Duration 
swelling Atrophy Crepitus

Flexion 
loss

Extension 
loss Pain Strength

Global 
gait

0 85.4 90.5 82.8 84.1 81.9 85.8 87.5 82.8 48.9

1 9.4 9.5 14.3 12.5 9.5 7.7 9.8 11.4 15.4

2 4.7 2.9 3.4 4.5 3.4 2.7 2.9 13.7

3 0.4 4.0 3.0 1.8 8.7

4 1.1 13.3

Note: In bold/italics: proportions < 5%.
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the statements for a research setting, which proposed measuring a 
reduced number of joints.

4  | DISCUSSION

This study describes real-life HJHS data of 499 children and young 
adults with different treatment regimens combined with interna-
tional expert opinion as a first step to develop a more convenient 
version of HJHS. The items 'duration swelling' and 'crepitus' were 
identified as candidates for item reduction. The resulting HJHSshort 
was still able to discriminate between different ages and treatment 
regimens. Another way of shortening HJHS assessment for clinical 
practice suggested by the experts was a screening examination to 
select joints which need full HJHS assessment.

4.1 | Internal and external validity

This is the first study presenting HJHS data of 499 PWH from het-
erogeneous populations. The results showed different patterns of 
HJHS scoring in children vs. young adults and PWH with less inten-
sive treatment vs. intensive treatment. We observed a wide variety 
of scores (range HJHS total: 0-63) with only 21% of the persons 
achieving a HJHS total score of 0 in this relatively young PWH with 
a wide range in treatment intensity. The real-life data in the present 
study were representative for clinical use and research purposes, 
while variation between raters was unavoidable in this study design. 
Some items show more variability in scoring between raters, which is 
a limitation of the HJHS, despite the good overall interobserver reli-
ability.20,21 In absence of a cut-off score for affected joints according 
the HJHS, a cut-off score was chosen above scores (0-3) shown in 
healthy adults which was established in a single observer study.16

In addition to the use of real-life data, international expert opin-
ion of HJHS developers, clinical HJHS users and investigators using 
the HJHS increased the clinical value of the results. The experts who 
participated in the discussion sessions are representative of HJHS 
developers, users and researchers. This blended approach was used 
to compensate for the absence of a gold standard.

4.2 | Comparison with other studies

According to the analyses of the pooled data, ‘crepitus’ was not a 
candidate for item reduction. However, the experts voted that ‘crep-
itus’ could be regarded redundant because crepitus is a sign, which is 
also reported frequently (13%-14%) for the knees in healthy children 
and young adults.16,18 Despite ‘flexion loss’ being reported in ankles 
of healthy young adults (12%)16 and ROM assessment is time con-
suming, only 37% of the experts voted that this item was redundant 
and should be eliminated.

Furthermore, the experts voted that ‘duration swelling’ was re-
dundant. According to the analyses of the pooled data, ‘duration 

swelling’ was indeed a candidate for item reduction based on the 
floor effects. An additional argument of the experts was potential 
recall bias, which could lower the reliability of this item. Although 
interobserver and test-retest reliability of this item were reported in 
two studies (ICC = 0.44-0.90),20,21 these findings do not support the 
experts’ argument of recall bias since these studies did not address 
the risk on recall bias over six months.

4.3 | Clinical implications and future research

The items 'duration swelling' and 'crepitus' were identified as can-
didates for item reduction. Dropping these two items will not lead 
to a substantial gain in time. Therefore, it is relevant to search for 
further ways to achieve shorter joint assessment in clinical practice. 
As suggested by the experts, a next step to explore is joint screening 
to select the joints which need full assessment.

Besides shortening the HJHS to make joint assessment more fea-
sible in routine clinical practice, additional focus on standardization 
of items is needed.

5  | CONCLUSION

This study in 499 PWH showed that the HJHS is able to discrimi-
nate between children and adults and different treatment regimens. 
Based on expert (n = 19) consensus, reduction of the items 'duration 
swelling' and 'crepitus' resulted in the HJHSshort, which had the same 
discriminative ability. To achieve a shorter joint assessment in clinical 
practice, joint screening to select the joints which need full assess-
ment was suggested.
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