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Three-dimensional analysis of gait in children
and adolescents with juvenile idiopathic arthritis
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Purpose: The paper aimed to assess the gait pattern in children and adolescents with juvenile idiopathic arthritis (JIA) treated at the
rehabilitation center and to assess changes in this pattern after the end of treatment and 9 months later. Methods: 50 children with JIA
were enrolled into the study. 35 healthy volunteers were enrolled into the study for a comparison. Spatiotemporal and kinematic gait
parameters were obtained using a movement analysis system. The Gait Deviation Index (GDI) was calculated. The assessment was
performed three times: on the day of admission to the rehabilitation center, after the end of a 4-week treatment period and 9 months
later. Results: With regard to the majority of spatiotemporal and kinematic parameters, differences in their distribution were highly sta-
tistically significant between the study group and the control group (p < 0.001). In two subsequent tests, differences were less signifi-
cant when compared to the control group (p < 0.01). In the study group, ranges of motion in the sagittal plane in the hip (p < 0.01),
knee (p < 0.001) and ankle joints (p < 0.01) increased significantly between tests 1 and 2, and 1 and 3. A significantly lower value of
GDI was observed in the study group (right limb; p = 0.036). Conclusions: The gait pattern of children with JIA is significantly different
from the one observed in healthy children. A rehabilitation program significantly improved gait in children with JIA, but differences
compared to healthy children were still observed, and it indicates that the abnormal gait pattern became permanent in this group of sub-

jects.
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1. Introduction

Juvenile idiopathic arthritis (JIA) is the most com-
mon chronic juvenile arthropathy and its etiology has not
been fully known. It is a group of diseases of a chronic
character, with symptoms appearing before the age of
16 [17]. Treatment is aimed to minimize or inhibit
inflammatory and immune activity of the disease and
to prevent from other complications. Rehabilitation
and appropriate physical activity are of vital signifi-
cance with regard to functioning of the motor system,
apart from routine and appropriately tailored pharma-
cotherapy. Taking into account new and more effec-
tive medicines and complex therapeutic management
in treatment of children with JIA, one should ask

about their efficacy in relation to maintaining motor
skills [2], [22].

The gait pattern in children and adolescents with
JIA may show subtle compensatory changes in re-
sponse to arthralgia and limb deformations. Regarding
more severe forms and periods of exacerbation com-
plex gait abnormalities may appear, and, in many cases,
they are difficult to be assessed clinically [6], [10],
[11], [17]. The general condition of a child with chronic
arthritis affects gait abnormalities. Patients tend to
walk on the lateral foot border with limited loading of
the medial metatarsal heads, hallux, and lesser toes.
There are abnormalities with regard to kinematic, kinetic
and spatiotemporal parameters. Increased hip flexion,
limited knee extension at terminal stance and reduced
ankle plantar flexion are reported [10]. Fairbum et al.
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[10] concluded that even children with low disease
activity may have some gait abnormalities. Inflam-
mation of joints in the lower extremities may be as-
sociated with loss of muscle force, limited range of
motion in the joints, as well as with asymmetric dis-
tribution of the center of gravity [14]. Abnormal
motor development becomes more and more visible
with age when more and more complex motor skills
appear [27].

There are only few studies regarding a biome-
chanical analysis of gait in children with JIA [5],
[11], [12], [20]. Some authors focused on the analy-
sis of gait abnormalities resulting from disease ac-
tivity [7], [11], [12]. Three-dimensional gait analysis
(3DGA) was also used to assess abnormalities of
a foot position and functions, and it was possible
thanks to the use of the Oxford Foot Model protocol
[18], [19]. Moreover, efficacy of treatment for the
ankle joint with corticosteroid injections [9], [27] was
assessed, and the effects of shockwave therapy on
knee functions were studied [1]. In her work [9],
Esbjornsson assessed whether it was possible to use
Gait Deviation Index (GDI) in the analysis of gait in
children with JIA following corticosteroids injec-
tions into the ankle joint. Mayer et al. [20] used
3DGA in a 10-year-old girl in order to assess the
efficacy of neuromuscular training. There are also
reports regarding the efficacy of various types of
rehabilitation programs that evaluated gait efficacy
using 6-minute or 9-minute walking tests [16], [24]-
[26] but an assessment of the gait quality was not
considered. Currently, there are only results of one
study regarding a gait assessment in relation to
kinematic, spatiotemporal parameters and GDI in this
group of patients available [9], and, moreover, there are
no prospective studies assessing gait patterns and their
changes following a complex treatment program.
Therefore, this study aims to assess the gait pattern in
children and adolescents with JIA compared to healthy
individuals as well as to assess changes in the gait pat-
tern in relation to kinematic, spatiotemporal parameters
and GDI directly after the end of a rehabilitation pro-
gram and nine months later.

2. Materials and methods

2.1. Participants

The study included children with JIA who were
treated at Regional Centre for Rehabilitation and

Education for Children and Adolescents, Rzeszow,
Poland. JIA was diagnosed according to the 2004
ILAR classification criteria [21]. Inclusion criteria
for the study group were as follows: age between 6
and 18 years, confirmed diagnosis of JIA, disease
remission, ability to walk 5 meters at least six times
(independently or with elbow crutches), no intra-
articular injections into affected joints within the
preceding four weeks.

Study exclusion criteria were as follows: coex-
isting congenital or acquired (post-trauma) locomo-
tor organ deficits not associated with JIA, past surgi-
cal treatment of lower extremities, coexisting
neurological conditions or other problems potentially
affecting the gait pattern. 50 subjects were in the
study group after all criteria had been reviewed. The
mean time since the diagnosis of the condition was
2.9 + 2.35. The mean value of pain intensity based
on the Visual Analogue Scale (VAS) (0-100) was 34.6.
Pharmacotherapy included the following groups of
medicines: disease-modifying anti-rheumatic drugs
(80% of patients), steroidal anti-inflammatory drugs
(26% of patients), biologicals (12% of patients).
Patients were allowed to take more than one type of
medicines. The control group was added to the study
in order to compare results. The control group in-
cluded 35 healthy children without gait disorders,
who attended primary, secondary schools in south-
eastern Poland. The control group was appropriately
matched to the age (mean age 12.08 + 4.5 years) and
sex (25 girls, 10 boys) of the study group. Clinical
characteristics of the study and control groups are
presented in Table 1.

Oligoarthritis was observed the most frequently in
50% of children comprising the study group, and only
one patient had systemic arthritis. When children with
two the most common forms, such as polyarthritis and
oligoarthritis were compared, it was concluded that
there were no statistically significant differences be-
tween subjects regarding baseline characteristics. In
Table 1, characteristics of the study group taking into
account sub-types (polyarthritis and oligoarthritis) are
presented. The difference between the groups was not
statistically significant.

According to the Declaration of Helsinki all sub-
jects and their legal guardians were informed about
the purpose and course of the study and about their
rights to withdraw from the study. All of them gave
their written, informed and voluntary consent for
participation in the study. The study protocol was
approved by the local Bioethics Commission of the
Medical Faculty of the University of Rzeszow
(17/02/2013).
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Table 1. Characteristics of the study group (subtypes in study group: oligoarthritis, polyarthritis) and control group

Control Study Study oligoarthritis | Study polyarthritis
n=50 n=35 n=25 n=22
Age [years], mean + SD 13.2+£33 12.08 £4.5 13.2+3.5 13.0+3.2
Sex [girls/boys] 39/11 25/10 17/8 16/6
BMI [kg-m?], mean + SD 19.7+3.2 18.8 +£3.09 19.7+3.5 19.6 £3.1
Duration of disease [years] not applicable not applicable 26+1.8 32+£29
Number of tender joints not applicable not applicable 1.0£1.2 24+£3.0
Number of swollen joints not applicable not applicable 0.9+2.0 0.8+1.3
i;zrgosldal anti-inflammatory not applicable 13 not applicable not applicable
drugs ?;fﬁ?}i:;l?n(:tiil‘f}g?fgs not applicable 40 not applicable not applicable
Biologicals not applicable 6 not applicable not applicable

BMI — Body Mass Index, n — number of subjects, SD — standard deviation.

2.2. Procedure and measures

Three assessments were scheduled in the study
group: baseline tests at the beginning of rehabilita-
tion at the center (Test 1), on the day when rehabili-
tation was completed at the center (Test 2) — reha-
bilitation duration was 4 weeks — and 9 months after
test 2 (Test 3). There was one assessment in the con-
trol group.

Gait analysis was performed in the Biomechanics
Laboratory at the University of Rzeszow, Department
of Physiotherapy. The 3D analysis system applied was
based on BTS Smart with six infrared cameras re-
cording at 250 Hz (BTS SMART-DX 700, 250 Hz;
BTS Bioengineering, Milano, Italy) with software, in
SMART Capture, Tracker and Analyzer (BTS Bio-
engineering, Milano, Italy). Passive reflective mark-
ers were attached with double-sided adhesive tape to
19 anatomical reference points, following the protocol
proposed by Davis [8]. The markers were positioned
at the sacrum, anterior superior iliac spine, greater
trochanter, lateral femoral condyle, head of fibula,
lateral malleolus, head of the 5th metatarsal and heel.
Two tic bands with two markers were secured on the
lateral aspect of both thighs and lower legs. The posi-
tion of each marker was recorded 3-dimensionally at
250 Hz. The system was calibrated before each test.
After the subject of the study was assessed in the
standing position, they were instructed on how to
walk the specified distance of 5 metres. The subjects
walked barefoot, at a comfortable speed. Consecutive
trips over the specified pathway were recorded until
6—-8 records with no artefacts were registered. The
spatiotemporal data from gait analysis were then
computed using BTS Smart software (Smart Tracker
and Smart Analyzer). Data processing with Smart
Tracker and Smart Analyzer software included defini-

tion of gait events, i.e., initial contact and heel off for
each leg; these were determined based on the signal
from force platforms and on video recording.

Spatiotemporal and kinematic parameters

The following parameters were included in the
analysis: 1) spatiotemporal: stance time [%], swing
time [%], double stance time [%], normalized step
length, cadency [steps/min], normalized mean veloc-
ity, and step width [m]. With regard to step length and
mean gait velocity adjustment was made in relation to
limb length to allow for comparisons of children of
various height (normalization of the step length was
performed according to Hof [13] — normalized step
length = step length/limb length, while normalized
gait velocity was calculated according to Bohannon
[3] — normalized velocity = gait velocity/limb length);
2) kinematic: pelvic tilt range of motion (ROM), pelvic
tilt — initial contact (IC), pelvic obliquity — IC, maxi-
mum pelvic obliquity (Pelvic Obliquity Max), hip
flexion/extension — IC (Hip Flex/Ext-IC), maximum
hip extension-pre swing (Hip Ext-PSw Max), maxi-
mum hip flexion — mid swing (Hip Flex-MSw Max),
hip flexion/extension ROM (Hip Flex/Ext ROM),
knee flexion/extension-IC, maximum knee flexion-
mid swing (Knee Flex-MSw Max), maximum knee
extension-terminal stance (Knee Ext-TSt Max), knee
flexion/extension ROM (Knee Flex/Ext ROM), ankle
dorsal flexion (Ankle Dors Flex), ankle plantar flexion
(Ankle Plant Flex), ankle dorsal/plantar ROM (Ankle
Dors/Plant ROM).

GDI calculations

The GDI was calculated based on kinematic data
obtained from 3DGA. The GDI is developed using
kinematic data from the pelvis, hip, knee, ankle and
foot, as an average value of several gait cycles. In the
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sagittal plane, the GDI incorporates kinematics from
the pelvis, hip, knee and ankle joint. In the frontal plane,
the GDI incorporates kinematics from the pelvis and
hip joint. In addition, the kinematics from pelvis, hip
and foot progression in the transversal plane are included
in the GDI. In total, the GDI includes 459 kinematic
data points (nine angular kinematic variables were
captured 51 times, i.e., every 2% of the gait cycle).
These 459 data points are then compressed, and 15 pa-
rameters retrieved. These parameters are used to
express an overall deviation of the subject’s gait,
compared to normal values of the 15 corresponding
parameters in the control group [23].

A healthy reference group was necessary to cal-
culate GDI. A separate numeric value is given for the
right and left limb. In order to obtain GDI values, we
used an Excel spreadsheet that was developed by
Schwartz and Rozumalski [23] was used. According
to these authors, the degree of gait pathology can be
determined by calculating the distance between the
subject’s gait vector and a mean vector obtained
from a healthy reference group (without gait disor-
ders). GDI > 100 represents gait which is at least
as close to the healthy reference group mean as that
of a randomly selected healthy individual. In other
words, a result of 100 or more indicates a normal
gait pattern, whereas each reduction by 10 points
indicates one standard deviation (SD) from the nor-
mal gait [23].

2.3. Statistical analysis

Distribution of values of performance measures
in the study group (in individual tests) was compared
to results obtained in the control group. The Mann—
Whitney U-test was used to assess whether differences
between groups were significant. The Wilcoxon test
was used to assess significance of therapeutic effects.
The findings also comprise results of the analyses
which tested the significance of the correlation co-
efficient (r). The level of significance was set at
p < 0.05. The level of statistical significance was
corrected using Bonferroni adjustment for multiple
comparisons (threefold evaluation). Statistical sig-
nificance was assumed at p < 0.017. The choice of
tests applied to examine the variables depended on
whether or not the basic assumptions were fulfilled
regarding the agreement between distributions of the
relevant variables and normal distribution. Parame-
ters of the characteristics distribution were assessed
with the use of Shapiro—Wilk U-test, which indicated
abnormal distribution.

The study and the control group were also divided
into four groups in relation to the normalized mean
gait velocity. The grouping was performed separately
for the study and control group, concerning the nor-
malized mean gait velocity quartiles values as a cut-
off points. Then the comparison of normalized mean
gait velocity between the study and control group, in
the first, second and third test was performed, within
the same range of normalized mean gait velocity
(quartiles). Statistical analyses were conducted with
the use of Statistica 10.0 program (StatSoft, Poland).

3. Results

The flow of the subjects through the study is shown
in Fig. 1. Test 1 included 72 subjects meeting inclusion
criteria, Test 2 — 67 subjects, and Test 3 — 50 subjects.
22 subjects were lost to follow-up due to the follow-
ing reasons: 5 subjects — completed rehabilitation at
the center earlier than after 4 weeks, 10 subjects — did
not come for the test after 9 months, 7 subjects — did
not consent for the test after 9 months.

Study group Control group
Test 1 n = 35 healthy children
n=72 children with JIA l
4-week n=5 completed single test
rehabilitation rehabilitation earlier

L 2
Test 2 (4 weeks later)

n= 67 children with JIA

n=10 lost to follow-up
n=7 did not consent for
participation in the study

Test 3 (9 months later)

n=50 children with JIA

Fig. 1. The flow of the subjects through the study

At the beginning, the performance status before
treatment was compared taking into account two the
most common types of JIA (oligoarthritis and polyar-
thritis). When spatiotemporal, kinematic parameters
and GDI were analyzed in the baseline test before
treatment, there were no significant differences be-



Three-dimensional analysis of gait in children and adolescents with juvenile idiopathic arthritis 39

tween variables studied except for normalized step
length for the left extremity. In patients with oligoar-
thritis, it was longer only for the left lower extremity
p =0.0279. Therefore, a decision was made to analyze
gait in the whole group of 50 children without stratifi-
cation based on JIA in further analyses.

3.1. Comparison of results
in the study group and control group
in Tests 1,2 and 3

Differences between groups were assessed with
regard to significance in order to answer the question
of whether there are any differences regarding parame-
ters assessed in a group of children with JIA com-
pared to a group of healthy children.

Spatiotemporal parameters

With regard to the majority of spatiotemporal pa-
rameters, differences between their distribution in the
study group in Test 1 compared to the control group
were highly statistically significant (p < 0.001) for
both right and left lower extremity (Table 2). Stance
time and swing time were within generally accepted

reference range of 60—40%; however, stance time was
longer compared to the control group. A similar situa-
tion was observed for double stance time. Children
with JIA walked more slowly (normalized mean veloc-
ity 1.4) and with smaller cadence (110.8 steps/minute)
— Table 2. Individual spatiotemporal parameters in
two subsequent tests were also compared to the con-
trol group. Differences in relation to the control group
were less visible (p < 0.01 or even only p < 0.05 for
normalized mean velocity). Although there was im-
provement visible in parameters studied, there were still
differences in Tests 2 and 3, namely after 9 months,
compared to the control group (Table 2).

Normalized mean gait velocity in the study and con-
trol group, in the first, second and third test, separately
for each of the 4 subgroups (regarding gait velocity) was
the subject of further statistical analysis. In the first
test (Test 1), in all four groups (Q1, Q2, Q3, Q4), the
normalized mean gait velocity was significantly lower
in the study group than in the control group. In the sec-
ond test (Test 2), significantly lower gait velocity were
observed in the Q2 group (p = 0.0011) and Q4 group
(p=0.0111) in the study group. In the third test (Test 3),
significantly lower gait velocity were only observed in
the Q2 group (p = 0.0071) of the study group, com-
pared to the healthy subjects (Table 3).

Table 2. List of spatiotemporal parameters in the study group compared to the control group in Tests 1, Test 2 and Test 3

Spatiotemporal Test 1 Test 2 Test 3
tu Tou ontrol grou tu TOU ontrol grou tu TOoUu] ontrol grou
parameters Study group | Control group | Study group | Control group | Study group | Control group
——
Stance phase rl [% gaiteyele] | ¢ 513 | 5894160 | 603413 | 5894 1.6% 604414 58.9+ 1.6®
mean+SD
; ——
Swing phase rl [% gait cycle] 395+13 | 41116 | 396=13 | 41.1+1.6% 396+15 41.1+1.6%
mean+SD
—
Double stance rl [% gait cycle] |, | 4 9.1+ 1.8 10314 | 9.1+180) 10.5+ 1.6 9.1+ 1.8
mean+SD
Normalized step length 1l [m] 0.64+0.09 | 0.71+0.08® | 0.66+0.09 | 0.71+0.08% | 0.65+0.09 | 0.71+0.08®
mean + SD
——
Stance phase Il [% gait cycle] 606+23 | 588+1.6" | 60622 | 588=1.6Y 603417 58.8+ 1.6°
mean = SD
; ——
Swing phase Il [% gait cycle] 394423 | 412+1.6® | 394+23 | 412+1.6® 397417 412+1.6
mean = SD
——
Double stance Il [% gait cycle] | 6 ¢ 5 87+16" | 104417 | 87+1.6® 104415 8.7+ 1.6
mean = SD
Normalized step length Il [m] 0.64+0.08 | 0.71+0.07® | 0.67+£0.09 | 0.71+£0.07% | 0.66+0.07 | 0.71+0.07%
mean = SD
Cadency [steps/min] mean + SD| 110.8 = 10.7 122 + 14® 113+10.8 122 + 14® 113.1+12.1 | 122.0+ 14.07
Normalized mean velocity [m/s]| o\ g5 | 15820310 | 1474027 | 1.58+031 1.48 +0.30 158+ 0.31
mean = SD
Step width [m] 0154003 | 0.15+0.03 | 0.14+£0.03 | 0.15+0.03 0.15+0.03 0.15+0.03

tl — right limb, 11 — left limb, SD — standard deviation; statistically significant changes (p < 0.05) are marked with asterisk *;

significant differences between the groups after Bonferroni correction ( p < 0.017) are marked with ®.




40

K. BAZARNIK-MUCHA et al.

Table 3. Comparisons of the interquartile range of gait velocity between the study and control group, in Tests 1, 2 and 3

Normalized mean gait velocity
Interquartile range
of gait Velocityg Test 1
Study group (mean + SD) Control group (mean + SD)
Q1 [mvs] 1.07 +£0.20 1.24+0.15(9
Q2 [m/s] 1.31+0.04 1.46 £ 0.03(")
Q3 [m/s] 1.48 £0.08 1.60 £ 0.08(")
Q4 [mvs] 1.74+0.16 2.00+0.19(%)
Test 2
Study group (mean + SD) Control group (mean + SD)
Q1 [m/s] 1.12+0.22 1.24+0.15
Q2 [m/s] 1.39+0.04 1.46 £ 0.03(")
Q3 [m/s] 1.55+0.06 1.60 +0.08
Q4 [mvs] 1.79 £ 0.11 2.00+0.19(%)
Test 3
Study group (mean + SD) Control group (mean + SD)
Q1 [m/s] 1.14+0.17 1.24+0.15
Q2 [mvs] 1.39 +0.05 1.46 +0.03(%)
Q3 [m/s] 1.55+0.05 1.60 +0.08
Q4 [m/s] 1.85+0.22 2.00+0.19

Test 1 — baseline tests at the beginning of rehabilitation, Test 2 — on the day when rehabilitation was completed,
Test 3 — follow up 9 months after test 2, SD — standard deviation, statistically significant changes (p < 0.05) are
marked with asterisk *), significant differences between the groups after Bonferroni correction (p < 0.017) are

marked with ®.

Kinematic parameters

groups for the majority of kinematic parameters
(Tables 5, 6). In the study group, Pelvic Tilt-IC (right

In the period before treatment, there was an ex- p = 0.0000, left p = 0.0002) and Hip Flex/Ext-IC
tremely statistically significant difference between were increased (left limb p = 0.0078). On the other
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Fig. 2. Comparisons of the pelvic tilt IC, Hip Flex/Ext ROM, Knee Flex/Ext ROM, Ankle Dors/Plant ROM
for the right and left size in the two groups and the three tests (mean, 95% confidence interval): R — right limb,
L — left limb, ROM — range of motion, IC — initial contact, Flex — flection, Ext — extension, Dors — dorsal, Plant — plantar
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Table 4. List of kinematic parameters in the study group compared to the control group in Test 1, Test 2 and Test 3

Test 1 Test 2 Test 3
Kinematic parameters Study group | Control group | Study group | Control group | Study group | Control group
mean+SD | mean+SD | mean+ SD mean + SD mean + SD mean = SD
Pelvic Tilt-IC ROM [°] 10.03 £4.33| 6.58+233® | 869+4.03 | 658+233® | 9.67+497 | 6.58+2.33®
o |Hip Flex/Ext-IC ROM [°] 378+7.0 | 351+£39® | 378+60 | 351+3.9® 38.4+6.9 35.1£3.9®
i Hip Ext-PSw Max ROM [°] 2.01+7.60 |10.66+3.73®( 357+7.17 | 10.66=3.73® | 3.61+7.27 | 10.66+3.73®
£, [Hip Flex/Ext ROM [°] 41.6+7.0 | 47448 | 430+7.7 | 474480 | 428+72 47.4+4.8®
& |Knee Flex/Ext-IC ROM [°] 147+56 | 10.1+22® | 158+56 | 10.1+22® 163+5.1 10.122.2®
Knee Flex-MSw Max ROM [°] 63.9+80 | 61.5+3.1® | 66.0+83 | 61.5+3.1® 66.5+ 7.4 61.543.1®
Pelvic Tilt-IC ROM [°] 9.63+437 | 6.71+2.86® [ 9.14+421 | 6.71+286® | 985+4.64 | 6.71+2.86®
Hip Flex/Ext-IC ROM [°] 382+64 | 352+46® | 385+64 | 352+46® 39.0+7.0 35.2+4.6®
Hip Ext-PSw Max ROM [°] 1.64+7.01 [11.23+3.51®]325+7.13 | 11.23+3.51® | 256+8.00 | 11.23+3.51®
2 [Hip Flex/Ext ROM [°] 420+64 | 477+49 | 436+68 | 47.7+49® | 43156 47.7+4.9®
== [Knee Flex/Ext-IC ROM [°] 149+48 | 89+24® | 165+55 89+240 17.1+6.1 8.942.4®
3 |Knee Flex-MSw Max ROM [°] 649+59 | 61.7+3.1® | 67.1+68 | 61.7+3.1® 66.9+7.8 61.743.1®
Knee Flex/Ext-TSt Max ROM [°] | 13.3+6.0 | 43+24® | 12.8+56 43+24® 129+7.1 43+2.4®
Knee Flex/Ext ROM [°] 533+66 | 57.8+3.5® | 554164 57.8+3.5 54.8 + 6.4 57.843.5®
Ankle Dors/Plant ROM [°] 298 7.6 | 329 390 | 314 71 322 35 317 7.1 319 3.7

ROM - range of motion, IC — initial contact, Flex — flection, Ext — extension, PSw — pre swing, MSw — mid stance, Dors — dorsal,
Plant — plantar, SD — standard deviation, statistically significant changes (p < 0.05) are marked with asterisk *, significant differences
between the groups after Bonferroni correction ( p < 0.017) are marked with ®.

hand, Hip Ext-PSw Max was significantly reduced
(mean for the right limb 2.01°, left limb 1.64°)
— p = 0.0000. In the whole gait cycle, Hip Flex/Ext
ROM was smaller for both right and left limb, with
significant statistical significance (p = 0.0000). Addi-
tionally, there was a significant difference regarding
kinematic parameters of the knee joint. In children in
the study group, the Knee Flex-MSw Max was in-
creased (right limb p = 0.0009; left limb p = 0.0008)
and Knee Flex/Ext ROM was reduced in the whole gait
cycle (right limb p = 0.0054; left limb p = 0.0004).
With regard to the ankle, reduced Ankle Dors/Plant
ROM on the left (p = 0.0128) were observed. The
selected, representative figures (statistically signifi-
cant results) of the kinematic variables (pelvis, hip,
knee and ankle) for the two groups and the three com-
parisons were shown in Fig. 2. Moreover, a compari-
son of selected kinematic parameters in Tests 2 and 3
in relation to the control group was also performed to
determine whether values of these angular parameters
were closer to normal values after treatment. It was
observed that in Tests 2 and 3 there were significant
differences between the study and control groups for
the majority of kinematic parameters; however, the
scale of these differences was slightly smaller for
some of these parameters when compared to values
before rehabilitation (p values (calculated probability)
increased) — Table 5 and Table 6. Table 4 presents
statistically significant results.

The Gait Deviation Index

Lower GDI scores were reported for the right limb
(Test 1: mean 94.9, SD 8.4; Test 2: mean 96.9, SD 9.2;
Test 3: mean 94.5, SD 7.0), and for the left limb (Test
1: mean 96.4, SD 10.6; Test 2: mean 96.1, SD 10.6;
Test 3: mean 93.2, SD 9.7) in the study group com-
pared to healthy subjects (mean 100.00, SD 10.0).
A comparison of GDI between the study and control
groups in subsequent tests indicated its significantly
lower value for both limbs in Test 3 (GDI left limb

GDI [points]

Test 1 Test 2 Test3  Control group

Fig. 3. Comparisons of the GDI values for the right/left limb
in the study and control group in Tests 1, 2 and 3

(mean, 95% confidence interval): GDI — Gait Deviation Index,
R —right limb, L — left limb
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p = 0.0036; GDI right limb p = 0.0095). It was possi-
ble to observe that the gait pattern in children with JIA
was comparable to that of healthy children immedi-
ately after the end of treatment. However, it worsened
after 9 months since rehabilitation at the ward (Fig. 3).

3.2. Comparison of results
in the study group in Test 1, Test 2
and Test 3

Spatiotemporal parameters

The normalized step length for the right and left limb
statistically significantly increased immediately after
treatment (p = 0.0078, p = 0.0031, respectively); how-
ever, improvement was not maintained during further

tests. Cadence increased after treatment (p = 0.0016),
and it was a permanent effect. A difference between
Test 1, Test 2 and Test 3 was on average 2.2-2.3 steps
per minute. Normalized mean gait velocity increased
as a result of treatment. This effect was statistically
significant (p = 0.0007). Within 9 subsequent months
its range changed, but a visible tendency for worsen-
ing or improvement was not visible. Consequently,
results after 9 months were significantly better com-
pared to the ones before rehabilitation (p = 0.0062).
In Table 5, statistically significant results are pre-
sented.

Kinematic parameters

In Table 6, changes in values of kinematic parame-
ters between subsequent tests are shown. ROM in the
sagittal plane in the hip joints, knee joints and ankle

Table 5. List of spatiotemporal parameters in the study group in subsequent tests

Mean change between tests
Spatiotemporal parameters (with p-value indicating statistical significance using the Wilcoxon test)
Test 1 vs. Test 2 Test 2 vs. Test 3 Test 1 vs. test 3
Stance phase rl [% of gait cycle] -0.2 0.0 -0.1
Swing phase rl [% of gait cycle] 0.1 0.1 0.1
Double stance 1 [% of gait cycle] —0.1 0.1 0.1
Normalized step length rl [m] 0.02 (® -0.01 0.01
Stance phase 1l [% of gait cycle] 0.0 -0.3 -0.2
Swing pfase 11 [% of gait cycle] 0.0 0.4 0.3
Double stance 11 [% of gait cycle] —0.2 0.0 -0.2
Normalized step length 11 [m] 0.02 () —-0.01 0.02
Cadency [steps/min] 220 0.1 2.3 (%)
Normalized mean velocity [m/s] 0.06 (%) 0.01 0.08 ()
Step width [m] 0.00 0.01 0.00 (0.2945)

rl — right limb, 1l — left limb, SD — standard deviation, statistically significant changes (p < 0.05) are marked with
asterisk ), significant differences between the groups after Bonferroni correction ( p < 0.017) are marked with (b).

Table 6. List of kinematic parameters in the study group in subsequent tests

Mean change between tests
Kinematic parameters (with p-value indicating statistical significance using the Wilcoxon test)
Test 1 vs. Test 2 Test 2 vs. Test 3 Test 1 vs. Test 3
Right limb
Hip Flex/Ext ROM [°] 1.4 -0.2 12
Knee Flex-MSw Max ROM [°] 21 0.5 2.6 (%)
Knee Flex/Ext ROM [°] 1.8 -0.2 1.6
Ankle Dors/Plant ROM [°] 1.7 -0.4 1.3
Left Limb
Hip Flex/Ext ROM [°] 150 -0.5 1.1
Knee Flex-MSw Max ROM [°] 22" -0.2 2.0
Knee Flex/Ext ROM [°] 210 0.6 1.4
Ankle Dors Flex ROM [°] 0.5 0.8 130

ROM - range of motion, IC — initial contact, Flex — flection, Ext — extension, PSw — pre swing, MSw — mid stance,
Dors — dorsal, Plant — plantar, SD — standard deviation, statistically significant changes (p < 0.05) are marked with as-
terisk **), significant differences between the groups after Bonferroni correction ( p < 0.017) are marked with ®.
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joints increased significantly between Test 1, Test 2 and
Test 3. In Table 6, statistically significant results are
presented.

GDI

The value of GDI for the right and left limb did not
change statistically significantly between tests (Test 1
vs. Test 2: p = 0.1463; Test 2 vs. Test 3: p = 0.1812;
Test 1 vs. Test 3: p = 0.7981). Individual changes
observed in individual patients were sometimes quite
significant, both positively and negatively, but aver-
aged results of treatment were close to 0.

4. Discussion

The study was designed to assess gait patterns in
children with JIA, compared to gait patterns in healthy
peers, and to perform prospective analysis of changes
in gait pattern during nine months following a reha-
bilitation program. The current article is the first one
to report the related evidence and present detailed
description of the gait pattern in a large population of
children with JIA.

The present findings related to most of the spatio-
temporal and kinematic parameters in the study group
and the controls showed that the differences in their
distributions were highly statistically significant. In
Test 3, carried out nine months after the end of reha-
bilitation, the gait parameters which had differed
between the groups in Test 1 and Test 2 still showed
a statistically significant difference. It was also shown
that the range of motion of the ankle was significantly
lower in the study group only in Test 1. In the subse-
quent assessments, this difference was not statistically
significant. This may have been associated with the
intensity of medical symptoms (pain, and swelling in
the joints) which were observed in the patients prior to
the rehabilitation. Lower intensity of pain following
rehabilitation may have significantly contributed to an
improvement in gait pattern. After nine months, the
patients did not report pain, however their gait pattern
still differed from that observed in the controls. It is
possible that the persisting differences, including the
greater range of motion of the hip and knee during
initial contact and mid-stance phase in the study group,
reflect a compensatory pain-induced gait pattern, or
pattern caused by articular lesions. Nevertheless, this is
important information suggesting objectives for further
therapy and rehabilitation. Differences in gait patterns
between children with JIA and healthy controls have

also been reported by other researchers [5]-{7]. Lechner
et al. [S] concluded that children with JIA presented
lower walking speed, their step was shorter, but their
step width was comparable to that of healthy children.
Contrary to the current study, these researchers did
not observe differences in the percentage division of
the gait cycle, but they observed lower step frequency.
With regard to kinematic parameters, the authors ob-
served similar disturbances: increased pelvic tilt and
hip flexion during the whole gait cycle, limited hip
extension and limited plantar flexion in the ankle.
Hartman et al. [6] also reported significant differences
regarding all spatiotemporal and kinematic parameters
assessed in their work. Likewise, Brostrom et al. [7]
demonstrated that patients with JIA walked more
slowly compared to their healthy peers.

In the current study, adjustment of parameters in
relation to the length of the limb was conducted both
for mean gait velocity and for step length and, there-
fore, it was possible to assess these parameters more
reliably. The need for adjustment was especially visible
in the case of step length in Test 1 where there were no
differences for either the right or the left limb, com-
pared to the control group. However, after baseline
parameters were adjusted, the differences became visi-
ble. The current findings regarding spatiotemporal pa-
rameters are not consistent with reports by Merker et al.
[14] which mainly aimed to assess the relationship
between a planovalgus foot and gait function in chil-
dren with JIA. They did not observe any significant
differences with regard to spatiotemporal parameters in
relation to the control group, although the value of this
assessment is reduced by the small size of the study
group (11 subjects with JIA). As regards the kinematic
parameters, researchers did not demonstrate limited
plantar flexion in relation to the control group, but they
observed a deficit of dorsal flexion.

The current findings showed lower values of GDI
in the study group compared to the healthy subjects.
In Test 2, there were no statistically significant differ-
ences which were expected, such as an increase in the
study variable, despite the fact that such improvement
was observed in the specific kinematic parameters. It
was possible to observe that the gait pattern in children
with JIA was comparable to that of healthy children
immediately after the end of the therapy. However, it
deteriorated nine months after the rehabilitation at the
ward. Based on the literature review, it can be con-
cluded that only Esbjornsson et al. [16] used GDI to
assess gait in this group of patients. The authors cal-
culated the total GDI for the right and left lower limb
at the same time. They did not observe differences in
relation to the control group [16].



44 K. BAZARNIK-MUCHA et al.

A comparison of the results related to the spatio-
temporal parameters in the study group observed in
Tests 1, 2 and 3, shows that the normalized step length
significantly increased immediately after the treat-
ment, however, this improvement was not retained
during the subsequent tests. On the other hand, cadence
increased after the treatment and it was a lasting effect.
Normalized mean gait velocity increased as a result of
the therapy. During the following months, its range
changed, but a visible tendency for deterioration or
improvement was not observed. Consequently, the
results after nine months were significantly better
compared to the scores before the rehabilitation.
Analysis of the results identified in the study group in
Tests 1, 2 and 3, regarding the kinematic parameters,
shows that ranges of motion in the sagittal plane in the
hip, knee and ankle joints increased significantly be-
tween Test 1 and 2, as well as Test 1 and 3. The value
of the GDI for the right and left leg did not change
significantly between the tests. Based on a literature
review, we can state that, so far, no studies have in-
vestigated changes in gait pattern during nine months
following a rehabilitation program in a large popula-
tion of children with JIA. Hence, the current study is
the first one to report scientific evidence related to
this. Earlier research focused on evaluation of treat-
ment effects in patients receiving corticosteroid in-
jections into joints of lower limbs [11], [16] or on
assessment of spatiotemporal gait parameters after
outpatient physical therapy combined with a shock-
wave therapy session [17]. These studies reported
varied results. For example, Esbjornsson et al. [16] did
not observe improvement in spatiotemporal parameters
or in the GDI either 3 weeks or 3 months after in-
tra-articular corticosteroid injections. Conversely, Azab
et al. [1] reported that, three months after out-
patient physical therapy was applied to the affected
knee in combination with a shock wave therapy, there
was improvement in selected spatial parameters such as
stance time and swing, velocity, cadence and step
length.

The present study was not intended to assess the
treatment applied and because of this, the effective-
ness of interventions cannot be discussed. It is only
clear that the baseline assessment was performed
during a period of more severe problems, which is
reflected by greater abnormalities in gait patterns;
later the patients’ overall improvement was accompa-
nied with gradual normalization of their gait. Notably,
however, they did not regain the gait pattern presented
by their healthy peers.

The present findings confirm that despite signifi-
cant advancements in treatment of children with JIA,

as well as wider use of biologics and better availabil-
ity of rehabilitation, patients with this disease continue
to present gait deficits. When these abnormalities are
detected and pathobiomechanics of gait is understood,
it may be possible to adjust rehabilitation to patient’s
individual needs.

Further studies to assess the gait pattern in children
with JIA should take into account symmetry. The ratio
index and symmetry index of step length or stance
phase may be an important assessment of the gait
pattern and the effectiveness of the treatment used [3].
The study was also limited because information on the
rehabilitation programme was collected only for the
period between Test 2 and 3, and recreational and
sports activities were not included. During the stay at
the centre, the children and their parents received in-
structions on how to exercise at home and were in-
formed about the possibilities of spending free time.
At home, however, sports and rehabilitation activities
were undertaken with different frequency, so it was
not possible to carry out appropriate analyses.

5. Conclusions

The study showed that the gait pattern in children
with JIA was significantly different regarding spatio-
temporal and kinematic parameters, compared to that in
healthy children. A rehabilitation program significantly
improved the gait pattern in children with JIA, but dif-
ferences in the gait pattern compared to healthy chil-
dren were still present, and it means that an abnormal
gait pattern in this group of patients became permanent.
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