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Abstract
Background: Juvenile idiopathic arthritis (JIA) can cause reduced exercise capacity, deterioration in functional
activities, and poor health-related quality of life. This study aims to objectively reveal lower extremity involvement in
the peripheral predominant forms of juvenile idiopathic arthritis through qualitative evaluations and to determine
the effects of these involvements on exercise, function, and quality of life.
Methods: Thirty-two patients with a history of peripheral arthritis and aged between 7 and 16 years participated in
the study. Demographics, JIA subtype, disease duration, arthritis and deformities of the lower extremity, disease
activity score, 6-min walk test (6MWT), cycling exercise test (CYC-E), childhood health assessment questionnaire
(CHAQ), and pediatric quality of life inventory (PedsQoL) scores were recorded. In case of clinical suspicion of
arthritis, an ultrasonographic examination was performed for a definitive diagnosis. Regression analyses were
performed to explore the most associated lower extremity involvement and patient characteristics for each of the
dependent variables including 6MWT, CYC-E, CHAQ, and PedsQoL.
Results: Of the total number of patients, with a mean age of 12.91 (SD 2.37) years, 28.1% had knee arthritis, 15.6%
foot arthritis, 12.5% hip arthritis, and 37.5% lower extremity deformity. The parameters that were most associated
with CHAQ and PedsQoL were hip and knee arthritis, whereas CYC-E was found to be most associated with knee
arthritis and height, and 6MWT was found to be most associated with hip arthritis, knee arthritis, and demographic
characteristics.
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Conclusion: This study emphasizes the importance of hip and knee arthritis, which are among the determinants of
walking endurance, function, and quality of life; and knee arthritis, which is among the determinants of cycling
performance in JIA with lower extremity involvement.
Keywords: Juvenile idiopathic arthritis, Lower extremity, Deformity, Exercise, Function, Quality of life, Arthritis,
Cycling, 6MWT

Background
Juvenile idiopathic arthritis (JIA) is the most common
pediatric rheumatologic disease. Subluxation, fusion, and
permanent joint deformities occur with damage to the
joint surfaces and their adjacent structures. In addition
to joint involvement, muscle strength, atrophy, weak endurance, gait disturbances, decreased exercise capacity,
and decreased function and quality of life can be seen
[1–4]. The hip, knee, and ankle are the most frequently
affected lower extremity joints in JIA, with a prevalence
rate of 30–50% [5]. It is also known that the most common joints requiring surgical intervention in adult JIA
are the hip, knee, and ankle [6].
Children with JIA have poor function and exercise
scores than healthy children [3, 4, 7–11]. When investigating the factors affecting these results, quantitative assessment methods, such as the number of swollen joints
and tender joints, are generally used. Ultimately, it is
recommended to reduce the number of tender/swollen
joints (or decrease the disease activity scale scores) [12,
13]. However, the joint which mostly affects daily activities and quality of life in childhood, including exercise,
is still a matter of curiosity.
Foot/ankle and hips can be affected in JIA, but these
symptoms are more difficult to diagnose than knee arthritis. The impact of their subclinical involvement of
them on daily life may sometimes be neglected [14]. Further, treatments may not necessarily cause complete remission of active arthritis in these joints [5]. Physical
examination can easily diagnose knee arthritis; however,
conditions such as arthritis, bursitis, or tenosynovitis of
the ankle and hip are more difficult than knee to distinguish by physical examination [5, 15, 16]. In recent
years, the introduction of ultrasonography (USG) in clinical use has enabled clinicians to easily differentiate these
conditions. USG can demonstrate ongoing active disease
in locations that are difficult to examine in JIA. It is reported to be more sensitive and reliable than physical
examination and correlates better with disease activity
indices as well as the progression of structural damage
[17, 18]. Hence, a more objective examination is required in cases where physical examination is insufficient for evaluating the results affected by joint
involvement.
The involvement and deformities of the lower extremity and the need for orthosis in JIA begin to appear in

childhood; however, there is insufficient data in the literature regarding the comprehensive assessment of deformities [5]. To our knowledge, there is one validated
damage scale, Juvenile Arthritis Damage Index - Articular (JADI-A), which includes assessment of the contracture of the hip, knee, ankle, and metatarsal joints and
valgus knee deformity [19]. Nevertheless, it is unclear
whether deformities are risk factors (independent from
arthritis) for the poor exercise results.
In light of the aforementioned data, there is no study
conducted with both qualitative, comprehensive, and objective evaluation methods that have revealed lower extremity impairments affecting exercise and daily life
outcomes in JIA. We believe that investigating the qualitative effect (based on the location) rather than the number of joints swollen, objectively diagnosing arthritis
with the use of USG, and including deformity in the analysis can increase the scope and provide more reliable
results.
This study aims to objectively reveal lower extremity
involvement in peripheral predominant forms of juvenile
idiopathic arthritis through qualitative evaluations and
to determine the effects of these involvements on two
different exercise performances, function, and quality of
life.

Methods
Patients

We included patients aged between 7 and 16 years and
diagnosed with JIA according to the International
League of Associations for Rheumatology criteria in
Ankara Dışkapı Yıldırım Beyazıt Training and Research
Hospital [20]. The diagnosis of JIA was made by a
pediatric rheumatologist. Patients with axial involvement, systemic JIA (to minimize the systemic effects of
disease), active infections, and patients who were newly
diagnosed were excluded. Informed consent was obtained from the participants and their parents. Demographic characteristics, disease duration, disease
subtypes, medications, Disease Activity Score28 (DAS28) results, and the data below were recorded.
DAS28 was calculated with ESR (mm/h), tender and
swollen joint count among 28 joints, and the patient’s
global assessment of disease activity on a visual analog
scale. It predominantly evaluates the activity of the
upper extremities.
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Arthritis

Physical examination of the knee, hip, ankle, and foot
joints was performed by the same physician. Patients
with apparent arthritis were noted. Patients with suspicious arthritis (at least one of the following symptoms
such as pain, tenderness, redness, warmth, or loss of
function) were subjected to USG examination performed
by an experienced specialist who was unaware of the
clinical findings. For this purpose, General Electric Logiq
5 (frequency: 7–13 MHz) ultrasound device, linear
probe, and gray scale were used. Definite arthritis on
physical examination or at least grade 1 synovial fluid
and/or grade 1 synovial hypertrophy on USG were considered arthritis positive [20].
Deformity

The patients’ physical examination and goniometric
measurements were performed by a physical medicine
and rehabilitation specialist. The deformity status was
determined according to the JADI-A [19] in which joint
contracture and other deformities were only be scored
when they are not due to active arthritis and present for
at least six months. In addition, we distinguished the patients according to the lower extremity deformity (LED)
presence. Since there was no standardization for the deformity assessment, we considered LED positive if a patient had any of the followings: hip internal rotation < 10
degrees, hip ankylosis/prosthesis, knee valgus > 15 degrees, knee flexion contracture, knee prosthesis, fixed
valgus of the ankle, ankle ankylosis/arthrodesis/prosthesis, visible deformity of the metatarsophalangeals due
to arthritis, or arthroplasty of the forefoot (measurements are from JADI-A) [19].
Primary outcome measurements (in order of application)

1. Function. The childhood health assessment
questionnaire (CHAQ) was used for the assessment
of functional ability. The ratings of the scale were
determined by the physician with face-to-face encounters with the patients and their parents. For
each item of CHAQ, the patient’s difficulty level experienced while performing a relevant activity is
questioned. The scoring was done using a fourpoint scale ranging from 0 (without any difficulty),
1 (with some difficulty), 2 (with much difficulty), 3
(unable to do). If assistance was required of a person or device, the scoring was increased to 2 if 0 or
1 points whereas ratings of 2 and 3 points remained
unaffected. The CHAQ score was calculated as the
sum of the scores of all the eight sections divided
by 8, which is in the range 0–3. The Turkish validity and reliability study of this score has been performed [21].
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2. Quality of life. The PedsQL 3.0 Arthritis Module
(PedsQL-3A), which evaluates the QoL based on
patient-reported outcomes, was used. There were 3
forms of the questionnaire, classified according to
the following age groups: 5–7, 8–12, and 13–18
years. It consisted of 5 sub-items including pain/
ache, activities of daily living, treatment, anxiety,
and communication. The total score of Likert-type
questions was between 0 and 100 and the best score
was 100. It has been validated in Turkish [22]. The
physician conducted the questionnaires face-to-face
with patients.
3. Cycling exercise performance. The cycling exercises
(CYC-E) were applied on the CareFusion Type
MasterScreen-CPX device to simulate home cycling. Since there was not a standardized and validated cycling protocol for home exercise in JIA, a
cycling protocol was created for this study [13, 23].
The protocol should be partially achievable for
healthy and active children, with no floor and ceiling effect for children with JIA [23]. Therefore, pilot
tests were performed on 11 JIA and 11 agematched healthy children to decide on the protocol.
The final cycling protocol was developed where the
results of the healthy subjects exhibited a ceiling effect in a 20-min exercise without observing floor or
ceiling effect in patients (no more than 15% of respondents having the lowest and highest possible
response) and close to submaximal difficulty: After
warming up at 90–100 rpm without any load for 3
min, the participants continued the test with a load
equivalent to half of their weight at 90–100 rpm,
then a 20-min exercise was performed with a 1watt load increase every 3 min. Participants were informed about 3 h of fasting, maximal effort, degree
of strain, and possible symptoms before cycling.
Simultaneously, the heart rate was measured with a
probe. The age-predicted maximum heart rate
(HRmax) was calculated for each participant and
the peak heart rate (HRpeak) reached during the
test was measured [23, 24]. The exercise test was
terminated prematurely if the patient stated that he
could not continue the exercise for any reason or
when indications for termination of the exercise test
occurred [25]. Cycling exercise duration (CYC-ED)
was recorded as an outcome.
4. Walking endurance. The 6-min walk test (6MWT)
was used for this purpose. Unlike all other evaluations, the 6MWT was performed on the next day so
that the cycling test would not affect the 6MWT results. It was conducted in a straight 8-m corridor.
Patients were instructed to walk the longest possible
distance within 6 min at their normal walking pace
with turning points at both ends of the 8-m
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distance. The patient was motivated at each turn.
The distance covered at the end of the exercise was
recorded. The 6MWT is a reliable method for
evaluating exercise capacity in JIA [26, 27].
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Table 1 Demographic and clinical characteristics of the patients
Characteristic

Mean (or Median) or Percentage

Gender, male rate

40%

Age, years

12.91 (SD 2.37)

2

All exercise tests were performed during noontime
and under the control of a physical medicine and rehabilitation
specialist
experienced
in
cardiac
rehabilitation.
Statistics

Statistical analysis was done using the SPSS V.20. Descriptive statistics were presented as percentages for categorical variables, as mean (with SD) for normally
distributed continuous data, and as median (with IQR)
for non-normal distributed continuous data. To determine relationships with potential independent variables
(age, gender, height, weight, BMI, disease duration, hip
arthritis, knee arthritis, foot/ankle arthritis, JADI-A, and
LED score) that may affect primary outcome measurements (CHAQ, PedsQL-3A, CYC-ED, 6MWT), Pearson
test for normally distributed continuous quantitative
data, Spearman test for non-normally distributed continuous quantitative data, Student T-test for normally
distributed categorical variables, and Mann–Whitney U
test for non-normally distributed categorical variables
were performed. Backward multivariate linear regression
analysis was used to determine the best predictors of
CHAQ, PedsQl-3A, CYC-E, and 6MWT. In addition to
hip, knee, and foot/ankle arthritis, the parameters that
were found to be significant in the tests mentioned
above were included in the models. P < 0.05 was considered significant.

Results
Thirty-two patients with a diagnosis of JIA (13 boys, 19
girls) were included in the study. 6MWT data of 2 patients (1 boy, 1 girl) were missing. There was no other
missing data. Data regarding demographics, clinical, and
exercise tests of the patients with a diagnosis of JIA are
shown in Table 1. Bilateral knee arthritis was found in
one patient and unilateral or no lower extremity arthritis
in all other patients.
During CYC-E, the heart rate increased to an average
of 83% (95% CI 0.80–0.87) of maximal heart rate and
stabilized after 3–6 min. A significant correlation was
found between the 6MWT and CYC-E results of the patients (Pearson’s correlation coefficient 0.534, p: 0.002).
Associations between the dependent and independent
variables are shown in Table 2. Several individual and
disease-related characteristics were associated with various outcome measures.
For each primary outcome measure, foot/ankle, knee,
and hip arthritis that were likely to clinically affect the

BMI, kg/m

20.23 (SD 3.87)

JIA subtype
Oligoarticular

75%

Polyarticular

16%

Undifferentiated

9%

Pharmacological treatment
Follow-up without medication

19%

NSAID only

19%

DMARD (with or without NSAID)

62%

Disease duration, months

41.00 (SD 38.05)

DAS28

2.85 (SD 1.23)

Hip arthritis

12.5%

Knee arthritis

28.1%

Foot/ankle arthritis

15.6%

JADI-A

0 (IQR 1) (min 0, max 8)

LED positivity rate

37.5%

6MWT, m (n: 30)

427.76 (SD 107.47)

CYC-E test duration, min

10.46 (SD 4.22)

CHAQ

0.13 (IQR 0, 0.69)

PedsQL-3A

84.37 (SD 13.45)

NSAID non-steroid anti-inflammatory drug, DMARD biologic or conventional
disease-modifying anti-rheumatic drug, DAS28 disease activity score 28, JADI-A
Juvenile Arthritis Damage Index – Articular, LED lower extremity deformity,
6MWT 6-min walk test, CYC-E cycling exercise, CHAQ Childhood Health
Assessment Questionnaire, PedsQL-3A PedsQL 3.0 Arthritis Module

outcomes were included in each regression model. In
addition, the independent variables shown in italics in
Table 2 were included in the relevant model, except
JADI-A. The JADI-A was not included as it showed collinearity with the presence of lower limb deformity. The
final models of the backward multivariate linear regression analysis for each primary outcome measure are
shown in Table 3.

Discussion
This study is the first to investigate the contribution of
lower limb arthritis, particularly hip and knee arthritis,
in poor outcomes in walking, cycling, function, and
quality of life in children with JIA with peripheral arthritis. In JIA with lower extremity involvement, the most
important determinants of walking endurance, function,
and quality of life are hip and knee arthritis, whereas
knee arthritis is crucial in cycling performance. The literature search showed us when investigating factors affecting poor outcomes in children with JIA, quantitative
assessment methods, such as the number of swollen
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Table 2 Associations between the dependent and independent variables
Independent variables

Dependent variables

Age*, years
†

CHAQ
(n:32)

PedsQL-3A
(n:32)

CYC-ED
(n:32)

6DYT
(n:30)

0.186

0.647

0.366

0.044 (0.371)

Gender

0.563

0.803

0.340

0.126

Height*, cm

0.106

0.629

0.033 (0.390)

0.019 (0.425)

Weight*, kg

0.067

0.883

0.276

0.033 (0.390)

BMI*, kg/m2

0.111

0.551

0.907

0.222

Disease duration , months

0.635

0.782

0.720

0.379

Hip arthritis†

0.002

0.003

0.602

0.044

*

†

Knee arthritis

0.009

0.059

0.002

0.010

Ankle/foot arthritis†

0.033

0.253

0.001

0.082

LED positive†

0.613

0.459

0.572

0.022

JADI-A*

0.204

0.224

0.895

0.016 (−0.437)

*p value for Pearson or Spearman’s correlation test, correlation coefficients were given in parentheses in case of significance
†
p value for Student T or Mann Whitney U test
CHAQ Childhood Health Assessment Questionnaire, PedsQL-3A PedsQL 3.0 Arthritis Module, CYC-ED cycling exercise duration, 6MWT 6-min walk test, LED lower
extremity deformity, JADI-A Juvenile Arthritis Damage Index – Articular

Table 3 Predictors of CHAQ, PedsQL-3A, CYC-E, and 6MWT
found in backward regression analysis*
Primary
outcome

Independent
variable
(explaining
variance)

Beta

95% Cl for B
Lower

p

Upper

CHAQa
Hip arthritis

0.755

0.755

1.377

< 0.001

Knee arthritis

0.559

0.351

0.809

< 0.001

Hip arthritis

−0.741

−40.624

−19.783

< 0.001

Knee arthritis

−0.405

−19.819

− 4.484

0.003

Knee arthritis

−0.408

−6.719

− 835

0.014

Height

0.368

0.016

0.217

0.025

Hip arthritis

−0.628

− 272.608

− 118.109

< 0.001

Knee arthritis

−0.524

− 176.551

−65.090

< 0.001

Gender

−0.239

−104.092

−0.952

0.046

Age

0.293

−0.972

28.040

0.066

Weight

0.268

−0.350

4.270

0.093

PedsQL-3Ab

CYC-EDc

d

6MWT

*Final models for regression analysis
a
2nd model for CHAQ (Childhood Health Assessment Questionnaire); Model
p < 0.001, R2: 0.683, F: 31.213
b
2nd model for PedsQL-3A (PedsQL 3.0 Arthritis Module); Model p < 0.001, R2:
0.572, F: 19.365
c
3rd model for CYC-ED (cycling exercise duration); Model p: 0.006, R2: 0.299,
F: 6.196
d
4th model for 6MWT (6-min walk test); Model p < 0.001, R2: 0.701, F: 11.738

joints and tender joints, have often been used. It has
been proposed to ultimately reduce the number of tender/swollen joints (or lower disease activity scale scores)
[12, 13, 28]. On the other hand, the present study indicates that different joints affect the result differently with
the qualitative assessment.
In this study, knee arthritis was observed at a rate
of 28.1%, foot/ankle 15.6%, and hip 12.5% when clinical and subclinical arthritis were evaluated together.
These rates correspond with the findings in the literature. In a study conducted in patients under one year
of treatment, the prevalence of knee, ankle, foot, and
hip synovitis was 8–20%, 6–12%, 5, and < 5%, respectively, and walking difficulty was observed at rates of
25–30% [29]. The joint involvement that would best
explain this difficulty in walking seen in the majority
of the patients is not specified, and the diagnosis of
arthritis is based solely on physical examination.
However, it is important to distinguish subclinical
synovitis in children, especially in feet and hip joints,
and not to omit them while investigating the causes
associated with the result. Each patient should be specifically evaluated for these joints by clinical and, if
necessary, subclinical examination [15, 16].
It is well known that children with JIA have a decreased functional competence and quality of life than
healthy children [4]. In a previous large sample study,
predictors of disability assessed by HAQ were female
gender, symmetrical arthritis, hip joint involvement,
long-term high ESR, and rheumatoid factor [11]. Regarding the quality of life, the effect of the number of swollen
joints was highlighted in another study [30]. It is noteworthy that in the current study, a significant part of the
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variance in both functional loss and quality of life was
explained by hip and knee arthritis.
The average of 6MWT in our study was at expected
levels when compared with the previous study [31] and
was lower than healthy Turkish children [32]. The findings of our study highlight that out of all the factors, hip
arthritis may have the greatest impact on this low score
of 6MWT. In addition to hip arthritis, knee arthritis,
gender, age, and weight explain 70.1% of the variance in
6MWT. This result suggests that walking endurance can
be widely affected by active hip and knee arthritis. However, 6MWT is a widely used method to assess cardiovascular exercise capacity, and it has also been included
in home exercise programs given to children with JIA in
clinical trials [27, 33–35]. Hence, we also investigated a
different exercise performance that was less likely to be
affected by the effect of active arthritis in assessing actual cardiovascular performance. Although respiratory
and metabolic requirements differ during cycling and
walking exercise [36], we hypothesized that the effect of
arthritis on cycling performance would not be as great
as that on walking endurance.
In our study, a protocol that can provide a cycling exercise result with a wide variance was applied. CYC-E
correlated moderately with 6MWT and remained at the
submaximal exercise level determined by heart rate
measurement. Ultimately, as intended, an intense home
exercise cycling performance was provided [23]. When
we investigated the contribution of lower extremity involvement to cycling performance, it was seen that
29.9% of the variance was explained by the presence of
knee arthritis and height. Although this data is similar to
the effect of height determined in the study of Paap
et al. [27], our study is unique in that it also includes the
contributing joints. In conclusion, this study contributes
to the literature by indicating that walking and cycling
endurances are affected by different factors in these patients and hip arthritis has a greater influence on walking than cycling.
Although lower extremity deformity examined in this
study is not found as an independent risk factor for poor
outcome, it can be assumed that there is a questionable
effect on walking endurance. On the other hand, it was
not associated with CHAQ, unlike a previous study [37].
The failure to identify lower extremity deformities as an
independent factor may be since it is indeed not so or
may be because our sample did not include a great sample size. Future studies are required to investigate the effect of the presence of deformity on adverse outcomes
with larger samples and established disease. Apart from
arthritis and deformity, one of the conditions most likely
to be associated with reduced physical activity in children with inflammatory diseases is pain [10]. However,
the pain was not included in independent factors in this
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study, because it is a subjective complaint and our outcome variables could be influenced by any pain in children [38]. Hence, a definite diagnosis of arthritis has
provided more reliable observations in understanding
the contribution of lower extremity arthritis to the results. In addition to all, there is a need to design and validate tools assessing optimal LED (especially other
deformities of the foot) and home exercise performances
[5]. The pilot study that we conducted because of a lack
of protocol that can be considered as a home program
for cycling exercise in the literature, has ensured that
this issue is relatively tolerated [23].
The results might have been different if the majority
had been diagnosed with polyarticular or systemic JIA.
The variances in the primer outcome measures might
have probably not been explained that well. However,
the main purpose of this study was to find out the value
of lower extremity involvement type in itself. The results
should not be generalized to all JIAs. Future research is
needed to explain the variance of disability or QoL in
the general JIA population.

Conclusions
This study highlights that hip and knee arthritis are the
most important determinants of poor outcome in walking, function, and quality of life in children with JIA with
peripheral arthritis alone; in addition, considering the
cycling performance, the hip arthritis factor is relatively
eliminated. Each patient should be evaluated especially
in terms of these joints with clinical and, if necessary,
subclinical examination.
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