


Anthropomorphism



Pragmamorphism (thanks to Emmanuel Derman)



3. We should move away from pragmamorphism



• CHAQ based on the adult 
Stanford HAQ


• For childhood arthritis ➧ 
most widely used patient-
reported measure


• Valid, reliable, and 
responsive in childhood 
arthritis


• Parents can report for 
children

Function (Activity Limitation) - CHAQ



The CHAQ is an "additive, ordinal" scale



What does this equal…?

Some SomeUnableSomeA lot None = ?+ ++++



We’re physicians, not mathematicians



Weird scoring for ordinal scales

SOME difficulty in 
cutting fingernails, 
opening a cereal 

box & writing 

UNABLE to walk

eq
ua

l



The CHAQ is really 30 separate ordinal (categorical) scales

430 = 1.152 x 1018  

unique possible answers

Each with a different value?

Multi-attribute utility theory

Rasch models / IRT



 
Item Level Current 

HJHS ScoreHJHS Item 

Swelling

Severe - very swollen, no bony landmarks are visible 3

Moderate - swollen, bony landmarks obscured to some degree 2
Mild - swelling looks slightly "puffy", all bony landmarks are 
visible  1

No swelling 0

Strength

Holds test position with minimal resistance 2

Holds test position against gravity with moderate resistance  1

Holds test position against gravity with maximum resistance  0

Joint Pain

Pain through active range 2
No pain through active range; only pain on gentle overpressure 
or palpation 1

No pain through active range of motion  0

Flexion Loss (Normal - Contralateral side)

Loss of > 20º  3

Loss of 11º - 20º 2

Loss of 5 - 10º 1

Loss of < 5º 0
Extension Loss (Normal - Contralateral 

side) Loss of > 20º  3

The Hemophilia Joint Health Score (selected items)
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comparisons of 2 scenarios, the preference weight for each item 
and each level was calculated by regression analysis.12 The model 
contains	9	criteria	with	between	2	and	5	 levels.	This	estimates	an	
average total of 86 400 hypothetical individual simulations, resulting 
in approximately 93 decisions to be completed by each participant.

The mean, median, and standard deviation of the relative impor-
tance of each item was reported as a percentage; the sum of each 
item's relative importance (weight) is therefore 100%. As opposed 
to the original HJHS, higher scores in the weighted system indicate 
healthier joints.

The 1000Minds program performed random consistency 
checks whereby the survey participants were asked to explicitly 
rank a specific pairwise comparison they previously completed. 
Four consistency checks were performed for each respondent 
throughout the survey to assess responder reliability. Respondents 
with	≥2	valid	consistency	checks	were	included	in	an	additional	sub-
group analysis.

To compare the relative efficiency of the original HJHS to the 
weighted HJHS, we applied the new weighted scoring system to the 
HJHS total scores from published data included in a study by Carneiro 
et al,13 comparing patients with hemophilia from both resource-con-
strained and -unconstrained countries. Independent samples t-tests 
were completed using both the original and weighted HJHS total scores.

3  | RESULTS AND DISCUSSION

A total of 64 individuals were contacted to participate in our survey 
with 41 (64%) participants completing the entire survey. The remain-
ing	19	participants	completed	an	average	of	5.8%	of	the	required	de-
cisions but declined to participate further. Consistency check results 
are found in Table 1. Subgroup analysis removed 3 respondents who 
showed inconsistency. This did not affect the overall results, leading 
to greater confidence in our total sample.

The order of the single levels within each item of the HJHS were 
predetermined in accordance with the HJHS scoring system; the 
item level representing a healthy joint was given a score of 100, and 
the worst possible level was given a score of 0. Regression analysis 
was used to provide the relative preference values for the 9 items of 
the HJHS as reported in Table 2. Normalized HJHS item weights sum 
to 1.0, and the mean scores for each single item level within each 
HJHS item are reported in Table 3. The HJHS item with the highest 
weight was extension loss (normal–contralateral side) (0.139), fol-
lowed by swelling (0.121). The HJHS item with the lowest weight 
was	duration	of	swelling	(0.057),	followed	by	muscle	atrophy	(0.08).	
The range in weights for different HJHS items demonstrate the large 
variability in the perceived impact these items have on determining 
joint health. This further strengthens the need for a more descriptive 
tool that accounts for the perceived impact these clinical indicators 
have on joint health.

Figure 2 illustrates the comparison of the original HJHS to the 
newly developed weighted HJHS. Results from the independent 
samples t-test indicated that the weighted HJHS, t(98) = 7.748; 
P = 8.723e -12 had a significantly larger T value and a smaller P 
value than the original HJHS, t(98) = 3.333; P = 0.001 (relative effi-
ciency	=	5.4).	The	weighted	HJHS	has	superior	descriptive	qualities,	

F I G U R E  1   Example of a decision 
scenario used in the 1000Minds Survey

TA B L E  1   Summary of consistency checks performed in the 41 
survey participants

Number of identical answers per repeated 
question (maximum = 4)

Number of 
participants 
(total = 41)

1 3

2 21

3 11

4 6

Res Pract Thromb Haemost. 2019;00:1–7.	 		 	 | 	1wileyonlinelibrary.com/journal/rth2

Essentials
• The Hemophilia Joint Health Score (HJHS) is an ordinal validated joint outcome assessment tool.
• A system using a discrete choice experiment may provide improvements to remove the current limitations of the HJHS score.
• An integrated approach may improve the HJHS for the assessment of joint health in clinical management and provide a robust research 

tool.

 

Received:	6	March	2018  |  Accepted:	15	April	2019
DOI: 10.1002/rth2.12212  

B R I E F  R E P O R T

Developing a new scoring scheme for the Hemophilia Joint 
Health Score 2.1

Tiago Ribeiro MD candidate1 |   Audrey Abad BSc2 |   Brian M. Feldman MD, MSc, FRCPC3,4

This is an open access article under the terms of the Creat ive Commo ns Attri butio n-NonCo mmerc ial-NoDerivs License, which permits use and distribution in 
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
© 2019 The Authors. Research and Practice in Thrombosis and Haemostasis published by Wiley Periodicals, Inc on behalf of International Society on Thrombosis 
and Haemostasis.

1Schulich School of Medicine & 
Dentistry, Western University, London, 
Ontario, Canada
2Child Health Evaluative Sciences Program, 
Research Insititute, The Hospital for Sick 
Children, Toronto, Ontario, Canada
3Department of Pediatrics, Faculty of 
Medicine and the Institute of Health Policy 
Management & Evaluation, Dalla Lana 
School of Public Health, University of 
Toronto, Toronto, Ontario, Canada
4Division of Rheumatology, The Hospital for 
Sick Children, Toronto, Ontario, Canada

Correspondence
Brian Feldman, Department Pediatrics, 
Division of Rheumatology, The Hospital for 
Sick	Children,	555	University	Ave.,	Toronto,	
ON	M5G	1X8	Canada.
Email: brian.feldman@sickkids.ca

Abstract
Background: The Hemophilia Joint Health Score (HJHS) is a validated outcome tool 
developed for the assessment of joint health in people with hemophilia. The ordinal 
joint score assesses 9 items in 6 index joints. It is recognized as an optimal measure-
ment of arthropathy in children and young adults. The aim of this study was to de-
velop an updated scoring system for the HJHS that may overcome the limitations of 
its current ordinal scoring structure.
Methods: A survey was developed using 1000Minds decision-making software. 
Respondents were provided with discrete choice tasks of ranking alternatives to de-
termine the preference weight, or relative importance, placed on different criteria 
for each HJHS item. The survey was distributed to an anonymous sample of health 
care professionals with extensive experience in the physical examination of joints in 
people with hemophilia.
Results: A total of 64 musculoskeletal health care professionals participated; with a 
64% survey completion rate. The HJHS item weights provide a sum to 1.0; the high-
est-ranked item was extension loss (0.139) followed by swelling (0.121), whereas the 
lowest	was	duration	of	swelling	(0.057)	followed	by	muscle	atrophy	(0.08).	Compared	
to	the	original,	the	relative	efficiency	of	the	new	score	was	5.4.
Conclusions: Observed differences in preference weights for HJHS items highlight 
the potential under- or overestimation of true joint health using the current ordi-
nal scoring system. An updated scoring system using weighted items may improve 
the precision of HJHS assessment, leading to improved clinical management of joint 
health, while providing a robust research tool.
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which may allow for smaller sample sizes in future studies. This up-
dated system may not only result in a more efficient research tool 
but may also improve its use clinically.

The method of conjoint analysis using 1000Minds software was 
successfully implemented in rheumatology to determine prefer-
ences for outcome domains in gout14 and remission and response 
criteria development.15 Additionally, it has been used in preferences 
toward treatment,16,17 and inhibitor care in hemophilia patients.18 In 
all examples, the weights were determined by the preferences of the 

health care professionals or patients/parents, supporting its applica-
bility to this area.

Our sample was a random, representative group of hemophilia 
musculoskeletal experts, predominantly physiotherapists. We be-
lieve the groups we selected have the most valuable perspective 
given their daily use and application of musculoskeletal examination 
for people with hemophilia. However, perspectives of other mem-
bers of the health care team and people with hemophilia will be im-
portant for future work. We recognize the importance of including 

TA B L E  3   Normalized HJHS item weights and item level scores (means)

HJHS item
Item weight 
(sum to 1) Item levels

Item‐level 
score (0‐100)

Swelling 0.121 Severe—very swollen, no bony landmarks are visible 0

Moderate—swollen, bony landmarks obscured to some degree 36.8

Mild—swelling looks slightly “puffy”; all bony landmarks are visible 65

No swelling 100

Duration of swelling 0.057 ≥6	months 0

No swelling or <6 months 100

Muscle atrophy 0.08 Severe—flattening of muscle belly is noted 0

Mild—mild flattening of muscle belly is noted 60.5

None 100

Crepitus of motion 0.109 Severe—audible and/or palpable grinding and crunching during joint motion 0

Mild—slightly audible and/or palpable grinding and crunching during joint motion 59.9

None 100

Strength 0.13 Trace or no muscle contraction 0

Able to partially complete range of motion against gravity 36.2

Holds test position with minimal resistance 60.5

Holds test position against gravity with moderate resistance 79.3

Holds test position against gravity with maximum resistance 100

Joint pain 0.11 Pain through active range 0

No pain through active range; pain only on gentle overpressure or palpation 68.7

No pain through active range of motion 100

Global	gait	(walking,	
stairs, running, hopping 
on 1 leg)

0.138 No skills are within normal limits 0

3 skills are not within normal limits 26.6

2 skills are not within normal limits 50.6

1 skill is not within normal limits 73.3

All skills are within normal limits 100

Flexion loss (normal–
contralateral side)

0.115 Loss of >20° 0

Loss of 11°-20° 35.2

Loss	of	5°‐10° 71.4

Loss	of	<5° 100

Extension loss (normal–
contralateral side)

0.139 Loss of >20° 0

Loss of 11°-20° 38.3

Loss	of	5°‐10° 72

Loss	of	<5° 100

Total 1.00   

Note: Item weights indicate how important each item is relative to other items when identifying a healthy joint (N = 41). Attributes for each item level 
are ranked highest (eg, healthiest) to lowest.



 
Item 
weight 
(sum to 1)

Item Level
Single 
Level 
(0-100)

Current 
HJHS 
ScoreHJHS 

Item 

Muscle 
Atrophy 0.08

Severe - flattening of 
muscle belly is noted 0 2

Mild - mild flattening of 
muscle belly is noted 60.5 1

None 100 0



The weighted scale has much better properties

relative efficiency = 5.4
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patient preferences and plan to implement this information in a sub-
sequent step toward its future development.

Due to the nature of conjoint analyses, some limitations were 
identified. Responder fatigue played a strong role in limiting the 
completion rate. Although the survey was adaptive, reducing the 
number of explicit comparisons made, the high number of possible 
pairwise comparisons led to an average of 73 decisions per com-
pleted survey. Our completion rate was adequate, but future work 
should consider methods to reduce respondent burden.

This activity is a preliminary step toward the development of an 
updated scoring system for the HJHS. As demonstrated by our anal-
ysis, a weighted HJHS scoring system should increase its value and 
utility. Moving forward, optimization of the HJHS should include the 
integration of patient and clinician preferences, leading to improved 
clinical assessment and management of joint health, while providing 
a more robust tool for research.
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4. We must scale measures better



Many of our health concepts are "multi-dimensional"





5 a
nhe

don
ia U

12 sadness U

37 early awakening U 3 appetite loss U

Depression as a 
hypergeometric volume?



5. We must treat multi-dimensionality more carefully



International Myositis Assessment and Clinical Studies Group core set

• Physician Global Assessment of Disease Activity (VAS/Likert)


• Patient / Parent Global Assessment of Activity (VAS/Likert)


• Manual Muscle Strength Testing


• Functional Assessment Tool (e.g. CHAQ)


• Muscle Enzymes


• Extra-muscular Assessment (Myositis Disease Activity Assessment Tool)

Miller FW, et. al.; Rheumatology (Oxford). 2001 Nov;40(11):1262-73



IMACS definition of improvement

• 3 of any 6 core set measures


• improved by 20% or more


• No more than 2 worse by 25% or more


• Cannot get worse with MMT

Sensitivity Specificity PPV NPV
0.83 0.98 0.87 0.82

Rider LG, et. al.; Arthritis Rheum. 2004 Jul;50(7):2281-90.



Percent (relative) change (for non-ratio measures)

10C—20C 

100% increase

50ºF—68ºF 

36% increase
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6. We need to learn how to value change better



You can’t manage what you don’t measure

Not everything that 
can be counted counts, and 
not everything that counts can 

be counted.

Count what is 
countable, measure what 

is measurable. What is not 
measurable, make 
measurable.



1. You can’t manage what you don’t measure


2. Measurement tools must give us the truth


3. We should move away from pragmamorphism


4. We must scale our measures better


5. We must treat multi-dimensionality more 

carefully


6. We need to learn how to value change better 




