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Abstract

Background: The Colorado Adult Joint Assessment Scale (CAJAS) is designed to as-
sess joint health in adults with hemophilia. The CAJAS comprises nine items (swelling,
muscle atrophy, axial deformity, crepitus, range of motion, contracture, instability,
strength, gait) and assesses six joints.

Objective: To assess CAJAS content validity and psychometric properties.
Patients/Methods: Data were obtained from the Trial to Evaluate the Effect of Secondary
Prophylaxis With rFVIIl Therapy in Severe Hemophilia A Adult and/or Adolescent
Subjects Compared to That of Episodic Treatment (SPINART) study and a separate CAJAS
validation study. CAJAS assessments in SPINART were performed by physical therapists
(PTs) from the United States, Romania, Bulgaria, and Argentina. In the validation study,
content validity was assessed from interviews with six PTs at three US hemophilia cent-
ers; cultural equivalence was assessed with seven non-US PTs from SPINART. Reliability
data were collected from 30 subjects at four US centers. Test-retest reliability was evalu-
ated by having the same PT perform CAJAS examinations at two visits, 7-10 days apart.
Inter-rater reliability was assessed by comparing CAJAS scores of two different PTs per-
forming separate examinations of the same patient several hours apart at the same visit.
Psychometric properties were assessed using SPINART and validation study data.
Results: The CAJAS demonstrated good content validity. Test-retest reliability was
high (intraclass correlation coefficient, 0.98), as was inter-rater reliability (intraclass
correlation coefficient, 0.88). Internal consistency reliability was strong (a = .90). The
CAJAS demonstrated good convergent/divergent validity, known-groups validity,
and ability to detect change.

Conclusions: The CAJAS is a valid and reliable measure of joint health in adults with

moderate-severe hemophilia and is appropriate for use in clinical practice.
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1 | INTRODUCTION

Hemophilia is a congenital bleeding disorder resulting from a deficiency
of clotting factor (factor VIII in hemophilia A; factor IX in hemophilia
B).! Patients with severe hemophilia have factor levels <1% of normal®
and are at risk for spontaneous bleeding episodes, most commonly
into joints and muscles.! Repeated joint bleeding can lead to irrevers-
ible hemophilic arthropathy and consequent disability.>* Joint bleeding
and hemarthropathy can be minimized or prevented with prophylactic
factor infusions.! The efficacy of prophylaxis for preventing bleeding
episodes and joint damage in pediatric patients is well-established.”
Prophylaxis can prevent bleeding episodes in adults.®” Whether it can
also prevent progression of hemarthropathy is less well studied.

Validated assessment measures are needed to gauge the natural
progression of hemophilic joint disease and the effects of prophy-
laxis on joint structure and function in adults with hemophilia. The
Hemophilia Joint Health Score (HJHS), based on the Gilbert score,
was developed to identify the earliest signs of joint degeneration,
but has only been validated in children. Currently, the Gilbert score
(or World Federation of Hemophilia physical examination score) is
the only available hemophilia-specific measure for physical assess-
ment of joint impairment in adults.®

Joint health varies considerably in adults with hemophilia,c”'11
many of whom are treated on-demand or are not currently receiving
prophylaxis.’? The Colorado Adult Joint Assessment Scale (CAJAS)
is a clinician-reported outcome measure of joint structure and func-
tion developed specifically to assess the range of joint health in
adults with hemophilia. Based on physical examination of six joints
(knees, elbows, ankles), the CAJAS evolved from the Colorado
Physical Examination full-point and half-point scales (Colorado
PE-1 and PE-0.5),"® both modifications of the Gilbert score.®!® The
CAJAS includes all seven domains of the Gilbert score, with axial
deformity, contracture, and instability specifically included because
these domains are consistent with the greater progression of joint
disease typically seen in adults. Six of the domains preserved from
the Gilbert score (swelling, muscle atrophy, axial deformity, crep-
itus, range of motion and contracture) were modified to allow as-
sessment of subtle changes in joint structure and function seen in
early stages of joint arthropathy. Two additional domains, strength
and gait, were added to complete the scale.

The CAJAS was initially developed as an 11-domain instru-
ment to measure joint health in adults with hemophilia. This
version was used in Trial to Evaluate the Effect of Secondary
Prophylaxis With rFVIII Therapy in Severe Hemophilia A Adult
and/or Adolescent Subjects Compared to That of Episodic
Treatment (SPINART; clinicaltrials.gov identifier NCT00623480),
a phase 3 randomized, controlled, parallel group clinical trial de-

signed to compare prophylaxis versus on-demand treatment in

Essentials

e Colorado Adult Joint Assessment Scale (CAJAS) as-
sesses joint health in adults with hemophilia.

o CAJAS validity and reliability were assessed in two sep-
arate multinational studies.

e CAJAS demonstrated good validity and reliability.

e CAJAS is appropriate for clinical use by hemophilia clini-
cians trained in hemophilia musculoskeletal examination
and CAJAS evaluation.

adolescents and adults with severe hemophilia A. The HJHS was
not considered as an outcome measure for this study because it
had not been validated in adults and differed more substantively
from the Gilbert score. Following use of the CAJAS in SPINART,
two domains (pain and splint/orthotic) were removed based on
US Food and Drug Administration guidelines regarding outcome
measures for pain evaluation and statistical analysis of the splint/
orthotic domain. Splint/orthotic demonstrated low ability to
discriminate between healthy and unhealthy joints and physical
therapists (PTs) had difficulty scoring it. The pain item included
both subjective and objective pain assessments (e.g., stiffness,
activity level, use of pain medications), which could be better
evaluated using a patient-reported outcome (PRO) measure.

The CAJAS is designed for evaluation of knees, elbows, and an-
kles in adults with hemophilia, by trained PTs (CAJAS Worksheet
and Instruction Guidelines; Appendix S1, Appendix S2). The scale
comprises nine domains for assessing joint status: swelling, muscle
atrophy, axial deformity, crepitus, range of motion, contracture, in-
stability, strength, and gait (Figure 1). Each item is assessed using a
Likert-type scale and scored from O to 2 (for axial deformity, insta-
bility, and gait), O to 3 (for swelling, muscle atrophy, crepitus, range
of motion, and contracture), or O to 4 (for strength). Higher scores
indicate more severe joint dysfunction. The CAJAS score for each
joint consists of a single unweighted summary score across the nine
domains. The maximum scores for knees and ankles (combined) and
elbows are 25 and 21, respectively. The total six-joint score is 142.

The goal of this study was to assess the content validity and
psychometric properties of the CAJAS in adults with moderate or
severe hemophilia A.

2 | METHODS

The CAJAS was administered in SPINART® at baseline, year 1, year
2, and year 3. The CAJAS psychometric analyses included data
from patients aged 217 years who had completed all PRO and
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FIGURE 1 Conceptual framework of the Colorado Adult Joint Assessment Scale. All items are measured for the left and right elbows, knees,
and ankles with the exception of Axial Deformity and Gait, which are measured for the left and right knees and ankles only. ROM, range of motion

clinician-reported outcome assessments. Patients with very poor
joint status, defined as routine need for a wheelchair or inability to
walk without assistance of a brace, cane, or crutches or having three
or more ankylosed joints, were excluded from SPINART.

In addition to the SPINART data, a separate validation study
using the nine-item CAJAS was conducted to assess the scale's
content validity, inter-rater and test-retest reliability. Male pa-
tients aged 18 to 50 years from four United States treatment
centers were eligible if they had moderate or severe hemophilia
A (factor VIII:C, <1%-2%), could read and understand English, and
did not routinely need a wheelchair, two crutches, or canes. For
the psychometric analyses, the CAJAS total score was calculated

as the average of the mean scores for each joint type (elbows,

knees, ankles). For the reliability analyses, the summed CAJAS by
joint and total scores were used.

For the validation study, eight PTs (two per site) were trained to
administer and score the CAJAS in a live training session and received a
training manual and video demonstrating a CAJAS patient evaluation.

2.1 | Content validity

Content validity was assessed using standard qualitative research meth-
ods.** Cognitive debriefing interviews were conducted with six PTs
who evaluated 12 patients from three US clinical sites. Interviews were
audio-recorded and transcribed; transcripts were qualitatively analyzed
on an item-by-item basis using MAXQDA software (Verbi GmbH).
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2.2 | Cultural validity

In SPINART, the CAJAS was administered in the United States,
Romania, Bulgaria, and Argentina. The CAJAS was not translated
into other languages; all PTs used the English-language version
and were trained on the measure in English. To determine whether
PTs in Romania, Bulgaria, and Argentina correctly interpreted the
CAJAS items and found the concepts relevant, a cultural equiva-
lence study was conducted with seven PTs at seven sites located
outside the United States (two in Romania, three in Bulgaria,
two in Argentina). Each of the PTs had participated in SPINART
and were interviewed about their experience administering the
CAJAS. PTs were interviewed in their native language regarding
the meaning of terms used in the CAJAS and their ability to under-
stand and score CAJAS items. To assess any differences in joint-
related symptoms between US and non-US patients that could
affect CAJAS results, both US and non-US PTs were asked about
each CAJAS domain with respect to how common it was among
their patients and how it affected patients' daily lives. Interviews
were audio recorded and transcribed into English; transcripts were
analyzed in comparison with results from the US content validity

study to assess the cultural equivalence of the CAJAS.

2.3 | Psychometric properties

Psychometric properties assessed included instrument reliability
(e.g., internal consistency, test-retest, inter-rater), construct validity
(e.g., convergent/divergent, known-groups validity), and ability to
detect change.

Reliability analyses were conducted using data from the valida-
tion study previously described. Test-retest reliability was evaluated
by having the same PT perform the same examination on two patient
visits 7 to 10 days apart. Before the second assessment, the PT con-
firmed that no muscle or joint-bleeding episodes had occurred since
the last evaluation, using information documented in the patient's
journal combined with a musculoskeletal health assessment form
completed immediately before each evaluation (noting bleeding his-
tory, increases in pain and swelling, and need for additional adaptive
equipment). Inter-rater reliability was assessed by comparing the
CAJAS scores of two PTs performing separate examinations of the
same patient, at the same visit, 4 hours apart. A total of 30 patients
were evaluated.

Baseline and final study assessment data from SPINART were
used to assess internal consistency reliability (using Cronbach a),
construct validity, ability to detect change (including calculation of
effect size), minimally important difference (MID; clinically mean-
ingful change at the group level), and responder definition (clinically
meaningful change for an individual patient). To evaluate construct
validity, the relationships between the CAJAS and other instruments
administered in SPINART were assessed. These included the Haemo-
QoL-A Physical Functioning subscale (a subscale of a PRO measure
used to assess health-related quality of life [HRQol] in adults with
hemophilia), the EQ-5D-3L visual analog scale (EQ-5D VAS; a PRO

of current health state), the Short-Form McGill Pain Questionnaire
(SF-MPQ; a PRO assessment of pain severity), the Activity List (a
PRO to assess changes in physical activity over time), the Extended
Magnetic Resonance Imaging (MRI) Scale (used by experienced ra-
diologists to determine the extent of joint damage in adults), and the
International Prophylaxis Study Group MRI 17 (IPSG MRI 17) scale.
The MID was estimated as the mean CAJAS change scores for joints
deteriorating in each outcome measure.

Ability to detect change was examined by correlating change in
the CAJAS total score from baseline to final evaluation 3 years later
with changes during the same timeframe in Haemo-QolL-A Physical
Functioning; EQ-5D VAS; current, recent, and overall pain (SF-MPQ);
current activity level; and Extended MRI scores. One-way analyses of
variance were used to assess ability of change in the CAJAS total score
to differentiate between patients classified into three change groups
(e.g., improvement, no change, deterioration) by the degree (at the ter-
tiles) and direction of change from baseline in Haemo-QoL-A Physical
Functioning, current activity level, and Extended MRI scores.

Receiver operating characteristic curves were used to estimate
responder definitions for the CAJAS total score in terms of moving
from one change category to another (from no change/improve-
ment to deterioration) in Haemo-QolL-A Physical Functioning and
Extended MRI scores. The best cut-off point was the value of the
change in the CAJAS score that best differentiated (e.g., gave the
best balance between sensitivity and specificity) between patients

deteriorating or not deteriorating on each measure.

2.4 | Statistical analysis

Statistical analyses were performed using SAS 9.3.

3 | RESULTS

Data from 80 of the 84 patients enrolled in SPINART were in-
cluded in the analyses. Two patients were excluded because they
did not complete the Haemo-QoL-A. Two other patients were
evaluated by a non-US clinician who did not demonstrate suffi-
cient understanding of the CAJAS; their data were excluded from
psychometric analyses, but the clinician's responses in the cultural
validity study were included to document these challenges. The
patients enrolled in the validation study (n = 30) were somewhat
more ethnically diverse but otherwise demographically similar to
those in SPINART (Table 1).

3.1 | Content validity

Overall, the six US PTs interviewed understood the terms and as-
sessment methods used for each of the nine CAJAS domains and
had minimal difficulty performing and scoring the joint assessments.
The CAJAS methods for assessing muscle atrophy, axial deformity,
crepitus, instability, and strength were considered similar to those
used in clinical practice. Two items, swelling and gait, presented



FUNK ET AL.

TABLE 1 Demographics and treatment regimen of the SPINART
and validation study patient populations

SPINART? Validation study
(n =80) (n=30)
Age,y
Mean 31.0 30.9
Range 17-50 18-47
Race, n (%)
White 73(91.2) 20(66.7)
Black 0 1(3.3)
Asian 2(2.5) 2(6.7)
Mixed” 0 3(10.0)
Ethnicity/Hispanic n (%) 5(6.2) 4(13.3)
Treatment regimen, n (%)
On-demand 41 (51.3)° 2(6.7)
Prophylaxis 39 (48.8)° 22 (73.3)¢
Other 0 6(20.0)

2SPINART, Trial to Evaluate the Effect of Secondary Prophylaxis

With rFVIII Therapy in Severe Hemophilia A Adult and/or Adolescent
Subjects Compared to That of Episodic Treatment. 2°

bWhite/Hispanic, Native American/Hispanic, White/Hawaiian.
‘Patients were randomized 1:1 to prophylaxis (3x/week) or on-demand
treatment regimens.

dProphylaxis dosing regimens included 1x/week, 2x/week, 3x/week, or
every other day.

challenges for the US PTs. The CAJAS emphasis on identification of
very minimal swelling was a change from what some PTs previously
considered to be swelling, initially causing confusion in identifying
mild versus moderate swelling. Definitions of mild, moderate, and
severe swelling were clarified during training sessions. Questions
arose regarding potential confounding with joint surgery and swell-
ing for reasons unrelated to bleeding. However, no consensus was
reached on how to improve assessment of this domain. Issues in
scoring the gait domain (e.g., lack of means to account for other
body parts that could affect gait, such as the hip) were reported, but
overall the PTs understood the concepts in the domain and could

appropriately score each joint (knee and ankle), on each side.

3.2 | Cultural validity

Seven non-US clinicians were interviewed to assess the cultural equiva-
lence of the CAJAS concepts, terms, and clarity of instructions. Results
were compared with cognitive interview results from US PTs to ensure
common knowledge and comprehension across all clinicians. Overall,
the US and non-US PTs demonstrated a common understanding of
CAJAS domains and items as well as the instructions for assessment
and scoring. They perceived the constructs included in the CAJAS to
be common problems for adult hemophilia patients with important
consequences in terms of patients' ability to perform usual activities of
daily living and to lead full, productive lives. For the most part, all PTs
could perform the CAJAS evaluations using the procedures outlined
in the training manual. Both US and non-US PTs generally agreed that
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the signs of arthropathy measured in the CAJAS were relevant, com-
mon, and affected patients' daily lives. Instability was considered less
common by most US PTs (five of six), whereas five of the seven non-
US therapists indicated it was a common problem for adult patients
with hemophilia. True ligamentous instability, resulting from repeated
hemarthroses, is observed in very severe end-stage joint disease.
Although still observed in older patients with hemophilia in the United
States, it is much less common in younger adult patients because of
access to more effective treatment regimens at younger ages. This is
likely not the case in the non-US study patients, where even on-de-
mand treatment was delayed compared with US standards. Swelling
was reported to be more common by the US (six of six) than the non-US
PTs (four of seven). US PTs have been evaluating earliest signs of swell-
ing in patients for more than 20 years as part of prophylaxis monitor-
ing. Because non-US patients had limited access to prophylaxis or even
early aggressive on-demand treatment, it is likely that early identifica-
tion of subtle swelling may not have been recognized in these countries.
Although there were some differences in the degree to which various
signs of arthropathy affected patient functioning, these differences did
not appear culturally related but rather geographically related. Most
PTs reported that swelling, muscle atrophy, range of motion, and con-
tractures had a major effect on patients' functioning. Crepitus was con-
sidered the least likely to disrupt everyday activities.

3.3 | Psychometric properties

By-joint and total CAJAS summary statistics for the CAJAS valida-
tion and SPINART (entry and exit) studies are provided (Table 2).
Results for psychometric properties are reported for evaluations of
the CAJAS total score, a secondary efficacy endpoint in SPINART.®

3.3.1 | Reliability

Individual by-joint and total CAJAS intraclass correlation coeffi-
cients for inter-rater reliability and test-retest reliability all indicated
good (>0.75) to excellent (>0.90) reliability (Table 3).X° Internal con-

sistency reliability was strong (Cronbach a = .90).

3.3.2 | Construct validity

Convergent/divergent validity was shown by correlating the CAJAS
total score and other outcome measures used in SPINART (Table 4).
The negative correlations of the CAJAS total score with Haemo-
QoL-A scores demonstrated convergent validity, given that higher
CAJAS scores indicate worse joint health and higher Haemo-QolL-A
scores indicate better functioning. The CAJAS total score also cor-
related significantly with the EQ-5D VAS (P < .001). The CAJAS total
score was moderately positively correlated with pain within the
past 4 weeks on the SF-MPQ, and with current activity level (both
P < .05), and strongly correlated with Extended MRI Scale scores
(P < .001). All correlations were in the expected direction, with
higher CAJAS total scores associated with worse physical function-
ing and HRQoL, more pain, and greater activity and joint impairment.
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TABLE 2 By-joint and total CAJAS summary statistics for the
validation and SPINART (entry and exit) study populations

N Mean + SD Median (range)
CAJAS validation study
CAJAS total 30 36.87 +20.68 35 (3-98)
Left ankle total 30 8.80 + 3.60 9 (1-18)
Right ankle total 30 8.80+4.46 9 (1-18)
Left elbow total 30 5.07+4.96 4(0-15)
Right elbow total 30 4.30 +4.60 2 (0-14)
Left knee total 30 5.07 +4.98 3(0-18)
Right knee total 30 4.83+4.55 4(0-17)
SPINART study entry
CAJAS total 80 45.66 +19.41 47 (7-97)
Left ankle 80 8.36 £4.12 8(0-18)
Right ankle 80 7.65 + 4.29 7(0-17)
Left elbow 79 715+4.41 7 (0-18)
Right elbow 78 6.01 £4.06 6 (0-16)
Left knee 80 8.11+5.92 8(0-22)
Right knee 80 8.61+5.97 7(0-21)
SPINART study exit
CAJAS total 70 46.67 £ 21.62 49 (7-114)
Left ankle 70 8.26 +4.12 8(0-18)
Right ankle 70 8.11+4.45 8(0-19)
Left elbow 70 6.93+4.66 7(0-18)
Right elbow 70 6.11 +4.37 6(0-18)
Left knee 70 8.71+6.14 9 (0-24)
Right knee 70 8.54 +5.33 9 (0-21)

Note: Elbow scores do not contain “Axial Deformity” and “Gait” sub-
scores and thus cannot have as high a range of values as the knees and
ankles.

Abbreviations: CAJAS, Colorado Adult Joint Assessment Scale; SD,
standard deviation; SPINART, Trial to Evaluate the Effect of Secondary
Prophylaxis With rFVIIl Therapy in Severe Hemophilia A Adult and/or
Adolescent Subjects Compared to That of Episodic Treatment.

Divergent validity was demonstrated by the smaller, nonsignificant
correlations between the CAJAS total score and more distal con-
cepts (e.g., worry, consequences of bleeding).

For known-groups validity, significant differences in CAJAS
total scores at baseline were observed between patients aged 35 to
50 years and 17 to 26 years (mean difference, 4.01 [95% confidence
interval, 1.90-6.12]; P < .001), with older patients having higher
CAJAS scores, indicating worse joint status. The CAJAS total scores
at baseline were also higher for patients with moderate or severe
joint damage (defined as an IPSG MRI 17 score >4) versus patients
with little or no joint damage (defined as an IPSG MRI 17 <4; mean
difference, 4.37 [95% confidence interval, 2.93-5.81]; P < .001).

3.3.3 | Ability to detect change

Changes in CAJAS total scores were significantly, moderately cor-

related with changes in Haemo-QolL-A Physical Functioning, EQ-5D

TABLE 3 |Intraclass correlation coefficients of inter-rater and
test-retest reliability by the summed total six joint CAJAS score and
individual joint scores

Inter-rater Test-retest
1CC (95% Cl) ICC (95% Cl)
CAJAS total 0.88(0.77-0.94) 0.98 (0.95-0.99)
Left ankle total 0.76 (0.56-0.88) 0.92 (0.84-0.96)
Right ankle total 0.86(0.73-0.93) 0.93(0.86-0.97)
Left elbow total 0.84 (0.69-0.92) 0.97 (0.94-0.99)
Right elbow total 0.91(0.82-0.96) 0.98 (0.97-0.99)

Left knee total 0.84 (0.69-0.92)

0.82(0.66-0.91)

0.93(0.85-0.96)

Right knee total 0.95 (0.89-0.97)

Note: Inter-rater reliability was analyzed by a two-way random-effects
model of consistency; test-retest reliability was analyzed by a two-way
mixed-effects model of absolute agreement.

Abbreviations: CAJAS, Colorado Adult Joint Assessment Scale; Cl,
confidence interval; ICC, intraclass correlation coefficients.

VAS, current activity level, and the SF-MPQ pain summary score and
pain in the past 4 weeks, but not the Extended MRI Scale scores or
SF-MPQ current pain score. All changes were in the expected direc-
tion; decreasing CAJAS total scores were associated with improved
physical functioning and HRQolL, decreased pain over the past 4
weeks, and decreased activity impairment.

Table 5 presents the relationship between changes in CAJAS
total score and changes in Haemo-QoL-A physical functioning,
current activity level, and Extended MRI Scale scores. CAJAS total
score changes generally were small; effect sizes within each change
group (improvement, no change, deterioration) were all <0.5 points,
the cut-off for a medium-sized effect.'® Overall effect sizes (nz) for
change in CAJAS total score by change in Haemo-QolL-A physical
functioning and current activity level indicated a moderate to large
effect. Correlations between the CAJAS total score and these mea-
sures were statistically significant (P < .05; Table 5).

3.3.4 | MID and responder definition

The Haemo-Qol-A and Activity List current activity level produced
the most consistent MID estimates, resulting in a recommended
MID of 0.78 points for the CAJAS total score, and 0.30, 0.62, and
1.29 for elbows, knees, and ankles, respectively (Table 6). For the
responder definition, a 1.0- or 1.5-point difference for the CAJAS
total score is estimated to be indicative of a true individual change
that is beyond the measurement error of the instrument; responder

definitions for individual joints are slightly higher (Table 7).

4 | DISCUSSION

Using data from SPINART and a separate content validation study, the
CAJAS was shown to be a reliable and valid measure of joint struc-
ture and function in adults with moderate-severe hemophilia A. The
CAJAS showed excellent test-retest reliability and very good inter-rater
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TABLE 4 Correlation between CAJAS total score and SPINART
outcome measures

Haemo-QolL-A
Physical functioning -0.51°
Role functioning -0.23¢
Worry -0.24¢
Consequences of bleeding -0.20
Emotional impact -0.06
Treatment concern -0.31°
Haemo-QoL-A total -0.34°
EQ-5D
Visual analog scale -0.43%
Short-Form McGill Pain Questionnaire
Pain summary score 0.19
Pain (past 4 wk) 0.28°¢
Pain (current) 0.07
Activity List
Change in physical activities or lifestyle 0.10
Current activity level 0.25°¢
Extended MRI Scale
Total score 0.78?
Ankle 0.53%
Elbow 0.60"
Knee 0.65°

Note: All coefficients were calculated using Pearson correlations except
for the Extended MRI Scale, which was calculated using Spearman
correlations.

Abbreviations: CAJAS, Colorado Adult Joint Assessment Scale; MR,
magnetic resonance imaging.

4P <.001.

bp < 01.

‘P <.05.

reliability, internal consistency reliability, construct validity, and ability to
detect change. Content and cultural validation showed a common under-
standing of CAJAS instructions and scoring among US and non-US PTs.

Evaluating the effects of prophylaxis on joint health in adults with
hemophilia requires an assessment measure developed with sen-
sitivity and specificity over a wide range of joint findings, given the
wide range in manifestation of joint damage seen between older and
younger patients and relative to the effectiveness of early therapy.
Before the CAJAS, the only direct measure of joint health in adults
was the Gilbert score.® Although widely used, the Gilbert score was
developed before the widespread availability of prophylaxis, espe-
cially in adults, and may be a better measure of joint health in patients
with severe arthropathy than in those with mild joint damage.’” The
validity, reliability, and ability of the Gilbert score to detect change
have not been confirmed.'® The HIJHS was developed to address the
limitations of the Gilbert score and is more sensitive for detecting the
earliest signs of joint damage. It has demonstrated reliability and valid-
ity in pediatric populations. Validation in adult populations over a wide

range of joint pathologies has not been established.”*?
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The CAJAS, which preserves domains of the Gilbert frequently
seen in more advanced joint arthropathy (i.e., axial deformity, contrac-
ture, and instability), also focuses on the earliest signs of joint change
(i.e., swelling and gait changes), addressing the continuum of progres-
sive joint degeneration. The HJHS did not retain axial deformity and
instability, although contracture is recognized through the Extension
Loss domain. The CAJAS is currently the only validated measure for
physical assessment of joint structure and function designed specifi-
cally for adults with moderate to severe hemophilia. It has the poten-
tial to provide accurate, reliable assessment of joint function across a
wide spectrum of joint disease. The CAJAS was successfully used in
SPINART to assess joint health over a 3-year period in adolescent and
adult patients with severe hemophilia A, demonstrating improvement

in joint structure and function associated with prophylaxis.?°

4.1 | Limitations

A limitation of the validation study is that CAJAS assessments were
conducted by a small number of PTs. However, the construct va-
lidity and cultural validation performed with PTs from three conti-
nents highlights the ability of the CAJAS to be applied to diverse
populations, provided that PTs have adequate CAJAS training and
understanding of English. Patients with very poor joint status were
excluded from SPINART and the separate validation study. It is likely
the CAJAS would be an appropriate measure in such patients but
requires further testing.

Further validation of the CAJAS is needed for patients with
hemophilia B and mild hemophilia A because the SPINART and val-
idation studies included only patients with moderate-severe he-
mophilia A. However, joint bleeding, the underlying cause of the
joint disease measured by the CAJAS, occurs at all levels of sever-
ity in patients with hemophilia A, hemophilia B, or other bleeding
disorders. The progression of joint disease in patients with mild
hemophilia, and in children who have been treated with prophy-
laxis or aggressive on-demand treatment protocols, differs with a
smaller number of affected joints but not by qualitative changes
in arthropathy. Evidence from in vitro animal and clinical studies
indicates that very few hemarthroses into the same joint, an annu-
alized joint bleed rate of 2 to 3, may cause irreversible, progressive
structural joint changes.* Joint damage noted in these populations
indicates that some bleeding has occurred.® The CAJAS domains
of axial deformity, contracture, and instability reflect the joint
changes seen in adults. For this reason, they were retained in the
CAJAS. The CAJAS focus on identifying early joint degeneration
suggests that it would be expected to perform similarly in mild
patients and children who have only experienced minimal joint
bleeding, although additional psychometric testing is needed.

In the assessment of the CAJAS ability to detect change, the
lack of association between change in CAJAS total scores and
change in Extended MRI Scale scores possibly resulted from the
small changes seen in the Extended MRI Scale score over the 3-
year observation period. Although prophylaxis can prevent joint
bleeding and potentially slow hemarthropathy progression, it



292 | jﬂ‘l FUNK ET AL.

TABLE 5 Changes from baseline
CAJAS total score change

Score difference from baseline, defined at to final V.i5it in .CAJAS total scores by
the tertiles N Mean change Effect size changes in patient health status

Haemo-QolL-A - physical functioning

Improvement 24 -0.75 -0.20
No change 23 -0.13 -0.04
Deterioration 28 0.76 0.25
P value (linear trend) .002 (.004)
n? 0.176
r (P value) -.39 (<.001)

Activity List - current activity level
Improvement 22 -0.52 -0.21
No change 31 -0.20 -0.06
Deterioration 16 0.79 0.20
P value (linear trend) .020 (.009)
n? 0.111
re (P value) .26 (.028)

Extended MRI Scale
Improvement 20 -0.26 -0.06
No change 21 -0.30 -0.12
Deterioration 18 0.11 0.03
P value (linear trend) .652 (.790)
n? 0.015
re (P value) .06 (.639)

Note: Effect size thresholds: small, 20.2; medium, 20.5; large, >0.8.1¢
Abbreviations: CAJAS, Colorado Adult Joint Assessment Scale; MRI, magnetic resonance imaging.

TABLE 6 Minimally important

Haerfm-QoL-A L. Haenjo-(')oL-A PRl . difference estimated for CAJAS total and
physical Current activity functioning & current activity Extended ioint subscal
functioning level level, mean MRI score Joint subscale scores

Total 0.76 0.79 0.775 0.11

Ankle 1.18 1.39 1.285 0.10

Elbow 0.22 0.38 0.300 0.11

Knee 0.79 0.45 0.620 0.38

Abbreviations: CAJAS, Colorado Adult Joint Assessment Scale; MRI, magnetic resonance imaging.

TABLE 7 Distribution-based measures
of responder definitions for the CAJAS
total and joint subscale scores

RD 1° RD 22
Baseline SD a coefficient 0.5SD SEM MDC,, (Lower) (Higher)

Total 3.57 0.91 1.79 1.07 241 1.0 1.5
Ankle BIGE 0.85 1.92 1.48 2.84 1.5 2.0
Elbow  3.61 0.82 1.81 1.53 2.89 1.5 2.0
Knee 5.10 0.89 2.55 1.69 3.03 1.5 2.0

Abbreviations: CAJAS, Colorado Adults Joint Assessment Scale; MDC,,,, minimal detectable
change based on 90% confidence level; RD, responder definition; SD, standard deviation; SEM,
standard error of mean.

2RD 1 obtained with reference to SEM; RD 2 with reference to 0.5 SD.

likely cannot reverse established bone and cartilage damage, structural attributes measured by the CAJAS, including swelling,
as reflected in the minimal change seen in Extended MRI Scale range of motion, muscle atrophy, and strength, all of which can
scores.?® Prophylaxis, however, can improve some physical/ affect the functional item of gait. This may be the cause of the
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discrepancy between the change scores of these two outcome
measures.

Data on how the CAJAS could model joint change over longer
periods (>3 years) are lacking. The strong association of changes in
CAJAS with changes in other relevant hemophilia outcomes, including
HRQol, pain, and daily activities, supports the usefulness of CAJAS
in assessing joint health and function in adults with hemophilia.

An additional limitation is the small sample size used to calcu-
late the MID and responder definitions for the CAJAS total and joint
scores. These calculations provide guidance for clinicians in deter-
mining whether treatment resulted in a clinically meaningful change
in joint status. Although the results were fairly consistent, further
analysis with a larger sample would provide additional support for

the robustness of these estimates.

4.2 | Use of the CAJAS in clinical practice

To simplify the psychometric analyses, a single total score was cal-
culated as the average of the mean scores for each joint type. This
represents a potential study limitation, considering that in clinical
practice, clinicians score each joint separately, so individual CAJAS
joint scores can be compared over time. This allows clinicians to
determine whether changes in the CAJAS total score result from
substantial impairment in a single joint or from milder impairment
in several joints. The calculation of a single total score was neces-
sary for the purpose of CAJAS validation given that inclusion of
multiple joint scores from single individuals would bias the statisti-
cal analysis.

Evaluating joint health in patients with hemophilia is a special-
ized area of physiotherapy. Use of the CAJAS by non-PT hemo-
philia clinicians or therapists with a general PT background does
not guarantee the ability to properly conduct a CAJAS assessment
and highlights the need for training in proper administration of this

evaluation tool.

4.3 | Conclusion

Analysis of CAJAS data from SPINART and a separate content
validation study demonstrated that CAJAS is a valid and reliable
measure that can be used by trained PTs for assessing joint struc-
ture and function in adults with moderate-severe hemophilia.
With increasing use of prophylaxis in adults with hemophilia,
CAJAS can provide a useful means of assessing changes in joint

health over time.
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APPENDIX

The SPINART CAJAS evaluators were: Dr Zakarija (United States)
and Drs Nachevska and Todorov (Bulgaria); A. lliescu and O. Surau
(Romania); J. Carlos Lopez and D. Magliaro (Argentina); and S. Akins,
K. Baumann, M. Braun, T Casey, A. Clark, L. Doring, K. Dusek, S.
Funk, J. Gibbs Hinkle, G. Hernandez, E. Hockey, A. Janich, J. Koop,
J. Lee, D. Maloney, J. Musick, D. Oldfield, L. Slovensky, D. Voss, and
R. Young (United States). The CAJAS validation study investigators
were: S. Funk, L. Fox, D. Oleson, N. Durben, G. Hernandez, S. Leedy,
S. Akins, and T. Kaltenmark (United States).


https://orcid.org/0000-0001-5215-1482
https://orcid.org/0000-0001-5215-1482
https://doi.org/10.1111/jth.14651
https://doi.org/10.1111/jth.14651

