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Abstract
Background Juvenile idiopathic arthritis (JIA) is the most prevalent rheumatic disease in children. The core stability exercises
ensure proper muscular strength and balance around the lumbo-pelvic-hip complex.
Objective This study evaluated whether the use of core stability exercises would increase the effectiveness of conventional
physical therapy (PT) in enhancing bone mineralization and improving functional capacity in children with polyarticular JIA.
Methods Thirty-three children with polyarticular JIA (age; 10–14 years) assigned randomly into two groups: the control group
(n = 16) received the conventional PT, and the study group (n = 17) received the core stability exercises in addition to the same
conventional PT program. Both core stability and conventional PT exercises continued for 3 months. The measures of bone
mineralization and functional ability were investigated by dual-energy X-ray absorptiometry (DXA) device and 6-min walk test
(6MWT), respectively, at baseline and immediately post-treatment.
Results Analysis of covariance (ANCOVA) revealed significant differences between groups in favor of the study group regard-
ing measures of bone mineralization of lumbar spine and femoral neck regions as P < 0.05, except for volumetric bone mineral
density of lumbar spine the P > 0.05. There was a significant difference between the two groups concerning functional capacity
measured in 6MWT (P < 0.05), where children in the study group walked 531.71 ± 90.59 m compared with the control group
509.31 ± 73.10 m.
Conclusion Core stability exercises are an effective adjunctive therapy to enhance bone health status and improve functional
capacity in children with polyarticular JIA.

Key Points
• In addition to conventional physical therapy, core stability exercises had a definite effect on improving bone health status and quality of life in children

with polyarticular juvenile idiopathic arthritis.
• Improved bone mineralization and functional capacity due to core stability exercises contain two parts: strengthening training and controlling

equilibrium.
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Introduction

Juvenile idiopathic arthritis (JIA) is the most prevalent rheu-
matic disease in children [1], with the age of onset before
16 years old and extended for at least 6 weeks, with the highest
incidence coming in children below the age of 3 years old [2].
Gender distribution differs according to the disease type, but it
is common knowledge that the girls are more affected than
boys [3]. It is a complicated systemic disease with unexplored
cause involving a generalized failure of the autoimmune sys-
tem [4]. The persistent inflammation and chronicity of JIA are
primary characteristics accompanied by pain, muscle
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weakness, proprioception dysfunction, diminished physical
activity, poor quality of life, and abnormality in bone density
[5, 6]. Failure to develop proper bone mineralization is common
in children and adolescents with JIA due to chronic inflamma-
tion, physical inactivity, muscle weakness, and long-lasting ef-
fect of corticosteroids treatment. The result of chronic arthritis on
bone health may be soon, resulting in fractures, or it may be later,
resulting in decreased suboptimal peak bone mass. Polyarticular
and systemic-onset diseases are commonly affected by
osteopenia and or osteoporosis than other subtypes [7–9].

The therapeutic exercises are among the treatments available to
patients with JIA that include their desired safety. It also aims to
reduce pain and improve their quality of life [10]. The core stability
exercises, established byMcGill, is one of the physical therapy tech-
niques aiming to reduce pain, enhance aerobic capacity, increase
muscle strength, and consequently improve the bone health in chil-
dren with JIA [11]. The phrase “core stability” includes abdominal
and obliquemuscles anterior-laterally, paraspinal and gluteal muscles
posteriorly, diaphragm superiorly, and pelvic floor and hip girdle
inferiorly [12]. The core stability exercises could be generally defined
as a method to control equilibrium, position, and movement of the
trunk over the pelvis and leg in order to produce motion through the
terminal segments during activities [13].Aprevious studyproved that
8-week core stability exercises could improve the strength of trans-
verse abdominis muscle, which in turn increased the trunk strength
and endurance [14]. The core stability exercises ensure proper mus-
cular strength and balance around the lumbo-pelvic-hip complex
facilitating the production of motion safely and efficiently [15].

A bone-building effect is influenced by strengthening exer-
cises of muscle, especially those exercises which are inducing
more significant loading and higher impact activities [16].
Practicing exercises and staying physically active have been con-
sidered efficient methods in decreasing bone loss. It is well
known that there is a positive correlation between muscle
strength and bone mineral density [17]. Core stability exercises
may provide several benefits to the musculoskeletal system, as-
sociated with isometric or static strength, which in turn may
improve bone density [11]. Since loading activities induce an
increased percentage of bone mineral density (BMD) more than
activities that do not have mechanical loads [18], besides, a little
is known about the efficacy of core stability exercises on the
bone health status of children with JIA. So, our study aimed to
investigate the value of the addition of core stability exercises to
conventional physical therapy (PT) in improving bone mineral-
ization and functional capacity in children with polyarticular JIA.

Materials and methods

Study design

This was a randomized, controlled, assessor-blinded clinical
trial carried out in accordance with the CONSORT guidelines

between September 2018 and November 2019, at the
Outpatient Clinic of College of Applied Medical Sciences,
Prince Sattam bin Abdulaziz University (PSAU), Saudi
Arabia. Bone densitometry and functional status were
assessed before and after the intervention by an independent
researcher who was not aware of the treatment allocation.

Subjects

Children were recruited from the Pediatric Rheumatology
Department, King Khalid Hospital, Al-Kharj, Saudi Arabia.
Children were included if were diagnosed with polyarticular
JIA according to the International League of Associations for
Rheumatology criteria [19], aged from 10 to 14 years, re-
ceived stable doses of medications, were free of contractures
or congenital anomalies, and if they were not advised against
participation in exercises by the attending rheumatologist.
Exclusion criteria were engagement in regular exercise or
sports activities, history of joint surgery, and cardiopulmonary
comorbidities.

Assignment procedure

Thirty-six children fulfilled the eligibility criteria. After the
baseline assessment, they were allocated randomly into two
equal-size groups. The control group (n = 18) received the
conventional PT, and the study group (n = 18) received the
core stability exercises in addition to the same conventional
PT program. A simple randomization procedure was follow-
ed; by drawing sealed non-transparent envelopes, each con-
tains a code for either of the study groups (control or study) by
an independent person.

Outcome measures

The primary (bone densitometry) and secondary (functional
capacity) outcome measures were assessed by examiners who
were blinded to the treatment allocation on two occasions
(pre- and post-treatment).

Bone densitometry

The measurement was conducted using LUNAR DPX-L pe-
diatric software dual-energy X-ray absorptiometry (DXA) de-
vice (GE-Lunar, Wisconsin, USA). The bone mineral density
(BMD; g/cm2) and bone mineral contents (BMC; g/cm) were
evaluated through the lumbar spine (values from L2 to L4)
and neck of femur. The BMD z-score was calculated as fol-
lows: child’s BMD minus BMD from a reference group who
were age- and gender-matched divided by the standard devi-
ation of the reference group.

For the lumbar spine, an anteroposterior scan was applied
while children were in a supine position with hips and knees
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flexed at 90o to flatten the lumbar curve. For the femoral neck,
children were initially placed in a supine position with both
lower limbs slightly abducted in order to preserve the femoral
axis straight, then the whole limb internally rotated about (15–
30°), and children were instructed to hold very still and to
keep from breathing for a few seconds while the x-ray picture
is taken to decrease the risk of a blurry image.

To reduce the effect of bone length on the BMD, we com-
puted the volumetric BMD (BMDvol; cm/m3). We computed
the volumetric BMD for the lumbar spine using the following
formula: BMDvol = BMD × [4 / π × L2–4 width in cm] [20].
The BMDvol of the femoral neck was calculated assuming that
its shape is cylindrical, and the diameter (d) was given by the
software which uses a constant length of k = 1.5 cm to mea-
sure areal BMD and BMC. The femoral neck diameter was
used to estimate the cross-sectional area [π (d/2)2] and, there-
fore, its volume [π (d/2)2k]. The BMDvol of the femoral neck
was computed as BMC per unit volume, BMC / [π (d/2)2k], or
simply as ((BMD)2/BMC) × (4k / π), since measured area
estimated as BMC/BMD that is equal to (k × d) [21].

Functional capacity

The 6-min walk test (6MWT) was used to quantify the func-
tional capacity. It is a performance-based test that has been
reliably used in children with chronic musculoskeletal disor-
ders to detect the sub-maximal functional capacity [22].
Children were asked to walk forth and back at their usual pace
(without running or jogging) to cover up to 6 min as far as
possible across an indoor 30-m walkway. Colored cones were
placed at both ends of the walkway boundary to indicate turns.
Verbal encouragement was given to children every 2 min by
the examiner while following them with a stopwatch. At each
assessment occasion, each child performed a single test.

Intervention

Conventional physical therapy

In both groups, children received the conventional PT pro-
gram (30 min/session, three times/week for 3 months). The
main concerns were to alleviate pain, maintain/increase flexi-
bility, enhance muscle strength, foster proprioceptive sensa-
tion, and promote aerobic capacity. The program generally
formed active range of motion exercises, stretching exercises,
isometric strength training, weight-bearing exercises, and aer-
obic exercises on a treadmill or a bicycle according to each
child’s preference [23–25].

Core stability exercises

Children allocated to the study group received a 45-min lum-
bar-pelvic/core strength and stability exercise program

consisting of eight exercises that have been used in the previ-
ous studies on children [26–28] (details are described in
Table 1). The program was conducted individually, three ses-
sions/week, for 3 consecutive months under the close super-
vision of the same pediatric physical therapist. To ensure chil-
dren’s understanding of how each exercise should be per-
formed, they were permitted to overview pictures showing
the steps to perform these exercises at the beginning of each
session. Intervals of rest were provided as required according
to the tolerability of each child. For the safety and optimal
performance, all exercises were performed on an exercise
mat on the floor.

Sample size calculation

The calculation was performed using G-Power software,
V3.0.10 (Neu-Isenburg, Germany). To identify the required sam-
ple size, a pilot experiment estimated means (mean 1 = 0.59 and
mean 2 = 0.52) and standard deviations (SD1= 0.06 and SD2=
0.05) of the BMD of the lumbar spine from L2 through L4. The
pilot study consists of eight children who received the same
treatments in two groups (four children in each group).
Assuming an alpha level of 0.05 and power of 95% in an inde-
pendent t-test, the sample size of 15 children per each group (total
sample-size of 30 children). The sample was increased to 36
children to account for a possible dropout rate of 20%.

Data analysis

Data were analyzed by SPSS, version 23 for windows (SPSS
Inc., Chicago, IL). The normality of data distribution was
assessed using the Kolmogorov–Smirnov test. The baseline
differences between respondents were calculated using inde-
pendent t test for continuous variables or Mann–Whitney U
test and Fishers’ exact test for categorical variables. At the
post-treatment occasion, the differences between the two
groups regarding the dependent outcome measures were ana-
lyzed using the analysis of covariance test (ANCOVA). The
pre-treatment values of the dependent outcomemeasures were
used as covariates to assess the differences between both
groups. The significance level was set at P < 0.05 for all sta-
tistical tests.

Results

Participants’ flow and retention

The CONSORT flowchart depicting the participants’ enroll-
ment, randomization, and retention in the present study is
shown in Fig. 1. Of 64 children who were initially screened,
36 children were randomized to the study and control groups,
and 33 completed the 3-month treatment and post-treatment
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measurement: 17 of 18 in the study group (94.4%) and 16 of
18 in the control group (88.9%). The reasons for withdrawal
were either unknown (in two children) or a health problem (in
one child).

Baseline and demographic data

The baseline demographic and clinical characteristics of the
study participants are summarized in Table 2. The study and
control groups were homogenous regarding all anthropomet-
ric and demographic measures (i.e., age, weight, height, BMI,
gender distribution, and pubertal status). The JIA-related clin-
ical features [such as the age of onset (P = 0.37), disease du-
ration (P = 0.28), rheumatic factor (P = 0.99), number of af-
fected joints (P = 0.07), pattern of involvement (P = 0.71),
methotrexate (P = 0.25) or corticosteroids dosages (P =
0.33), and frequency of steroid injections (P = 0.26), disease
activity variables (all P values > 0.05), and serum 25-hydroxy
vitamin D level (P = 0.24)] were also well-balanced between
both groups at inception.

Between-groups analysis

Results are shown in Table 3. The central tendency and vari-
ability of the data are expressed as mean ± SD. Post-treatment,

the analysis of covariance ANCOVA test revealed a signifi-
cant between-group difference in the measures of lumber
spine densitometry adjusted to the pre-treatment values of
each, BMD (F (1,30) = 12.32, P = 0.001), BMC (F (1,30) =
9.21, P = 0.005), and BMD z-score (F (1,30) = 6.81, P =
0.014), with exception of the BMDvol (F (1,30) = 3.29, P =
0.08), where there was no significant difference between the
study groups. Regarding the femoral neck densitometry, the
analysis showed a significant post-treatment difference be-
tween both groups in all measured variables adjusted to the
pre-treatment values: BMD (F (1,30) = 19.96, P < 0.001), BMC
(F (1,30) = 34.09, P < 0.001), BMD z-score (F (1,30) = 25.73,
P = <0.001), and BMDvol (F (1,30) = 5.63, P = 0.024).
Further, the analysis indicated that there was a significant
difference between both groups in the distance walked during
the 6MWT post-treatment adjusted to the pre-treatment
values, where (F (1,30) = 27.52, P = <0.001).

Discussion

In light of the present results, it is imperative for children who
suffer from JIA to be integrated into physical training pro-
grams and not to lean in a quiet life that lacks physical activ-
ities aiming to maintain and preserve their bone health. This

Table 1 Core stability exercises applied to the study group

Exercise Exercise administration No. repetitions

Crunch core exercises While children laying supine with their knees bent to 90°, feet flat on the floor, and placing their arms on
sides, they were asked to curl their shoulder up of the floor to about 30° angle and hold for 15–30 s
while maintaining their back flat on the floor

10 Rs

Supine bridge exercises While children laying supine with their knees bent to 90°, feet flat on the floor, and placing their arms on
sides, they were asked to push down through their feet to lift up the pelvis off the floor to make a
straight line with their shoulders and knees and hold for 15–30 s

10 Rs

Plank exercises While children were assuming a push-up-like position with their weight borne on the forearms and their
elbows held directly underneath the shoulder and shoulder-width apart, keeping the trunk straight and
legs straight and slightly apart, they were asked to lift their pelvis up off the floor until they were
supporting their weight on forearms and toes and to hold for 15–30 s

10 Rs

Quadruped opposite
arm/leg exercises

While children were assuming a quadruped position, keeping their heads straight forward, knees bent to
90° and pelvis-width apart, and their hands on the floor shoulder-width apart, children were asked to
lift their leg straight while simultaneously lifting the opposite arm and hold for 15–30 s. The samewas
repeated on the other leg and arm

20 Rs/10 Rs for
each side

Prone Opposite arm/leg
raise exercise

While children were assuming a prone position with their arms extended over their heads, they were
instructed to lift one arm along with their head while simultaneously lifting the opposite leg and
holding the position for 15–30 s. The same was repeated on the other arm and leg

20 Rs/10 Rs for
each side

Diagonal crunch exercises While children lying supine with knees bent and both hands clasped behind the head, they were asked to
curl right elbow to touch the left knee and then curl left elbow to touch the right knee while
simultaneously contracting abdominal muscles

20 Rs/10 Rs for
each side

Supine bridge with
unilateral leg raise

While children lying supine with knees bent and both on the floor, arms relaxed besides, they were asked
to contract abdominal muscles and raise one leg straight up, then raise hips off the floor, and hold for
15–30 s. The same was repeated with the other leg

20 Rs/10 Rs for
each side

Side bridge exercises While children laid on one side with their legs out straight, they were asked to prop themselves up on
their elbows so that the elbow was positioned underneath their bottom shoulder and to hold this
position for 15–30 s. The top arm was placed on the top hip. Then, they were asked to lift their pelvis
up off the floor, aiming to get them aligned with the rest of their bodies. The same was repeated on the
other side

20 Rs/10 Rs for
each side
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comes in agreement with a previous study that stated that the
bone health of children might be affected with a sedentary life
in addition to muscular performance and functional abilities,
despite the development of medical treatment of arthritic

children [29]. The present study showed that of 33 children,
girls were affected by 76% (25 girls), and boys were affected
by 24% (8 boys), indicating that the female sex was more
profoundly affected by JIA. A previous study supported a

Table 2 Participants’ clinical and demographic characteristics at the baseline

Study group (n = 17) Control group (n = 16) P value

Age (year) 12.11 ± 1.65 11.31 ± 1.35 0.14†

Weight (Kg) 35.53 ± 4.47 34.44 ± 3.01 0.42†

Height (m) 1.32 ± 0.06 1.31 ± 0.05 0.68†

BMI (Kg/m2) 20.18 ± 1.83 19.66 ± 1.30 0.52†

Gender (boys/girls), n (%) 5 (29.4)/12 (70.6) 3 (18.7)/13 (81.3) 0.69‡

Pubertal maturation (yes/no), n (%) 11 (64.7)/6 (35.3) 6 (37.5)/10 (62.5) 0.17‡

Age at onset (years) 4.59 ± 0.51 4.38 ± 0.81 0.37†

Disease duration (years) 7.53 ± 1.59 6.94 ± 1.48 0.28†

Rheumatic factor (±), n (%) 3 (17.6)/14 (82.4) 2 (12.5)/14 (87.5) 0.99‡

Number of affected joints, n 8.17 ± 1.29 7.44 ± 0.96 0.07†

Involvement pattern (uni-/bilateral), n 4 (23.5)/13 (76.5) 5 (31.3)/11 (68.7) 0.71‡

Medications
Methotrexate (mg/week) 17.18 ± 4.26 15.56 ± 3.56 0.25†

Corticosteroids (mg qod) 169.71 ± 70.28 147.19 ± 58.17 0.33†

Number of steroid injections, n 15.64 ± 7.83 13.12 ± 4.22 0.26†

Disease activity
Physician global assessment 2 (1–3) 1.5 (1–2) 0.29¥

ESR (mm/h) 25.35 ± 14.90 22.75 ± 10.84 0.57†

Swollen joints, n 5 (4–6) 4 (3–5) 0.16¥

Joints with limited ROM, n 3 (2–4) 2.5 (2–3) 0.11¥

Serum 25-hydroxy vitamin D (ng/mL) 31.98 ± 8.24 29.11 ± 4.92 0.24†

Continuous data expressed as mean ± SD and categorical data shown as frequency (%). The disease activity variables presented as median (interquartile
range) except the ESR presented as mean ± SD. The physician global assessment measures the overall JIA disease activity on a 0–4 scale, where 0
indicates no disease activity and 4 denotes very severe disease. BMI body mass index, ESR erythrocyte sedimentation rate, ROM range of motion
† Independent t test
‡ Fishers’ exact test
¥Mann–Whitney U test

Fig. 1 CONSORT flow diagram
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similar percent in Oman that from a total of 107 children
diagnosed with JIA, 77 girls (72%) were affected [30]. Abou
El-Soud et al. [31] found an entirely different percentage in a
study conducted in Egypt. They reported that 81 girls (61.3%)
from a total of 132 children with JIA were affected [31].

Healthy bone status depends on the mechanostat paradigm,
which states that healthy bone needs everyday mechanical
strains within a limited range to minimize micro-damage of
bone and organize the bone formation to meet the functional
demands. Many methods achieve this; that exercise training
increases muscle strength and consequently exposes the bone
to contractile and gravitational forces [32]. The increased
BMD and BMC are highly correlated and consequently oc-
curred with improved strong muscles and lean mass [33].

In the present study, it is evident that the children in the
study group had a more significant bone health improvement
in the femoral neck than in the lumbar spine. Based on the
effect size values of this study, we found that all of the bone
health measures in the current study, e.g., BMD, improved
significantly in the femoral neck region (P < 0.001, d = 0.4)
more than the lumbar spine (P = 0.001, d = 0.29). Since chil-
dren of study group engaged in conventional PT and core
stability exercises, they showed a more significant improve-
ment of bone health measurements than the control group. A
previous study stated that a training program depends on reg-
ular or usual exercises without any resistance or high load
exercise; the bone cells are less responsive to common loading
training [34].

So, in ours, during exercise training in the study group
(core stability training plus regular exercises) might be respon-
sible for the high bony response and increased bone health

measurements. Similar to ours, however, 30 boys (10–
14 years) with hemophilia were conducted and assigned ran-
domly into the study and control group. Static stretching and
static contraction for upper and lower limb musculature and
aerobic exercises were given to both groups. Besides, the
study group children received resistance exercises through
bicycling and weight lifting. The treatment program was con-
ducted at three times/week for 3 months, revealing increased
BMD in the study group of the femoral neck (P = 0.01), prox-
imal tibia (P = 0.01), and distal tibia (0.04) more than the
control group [35].

Based on the results of the current study, there is an in-
crease in bone strength to the lumbar spine and femoral neck.
Since the core stability exercises contain two essential parts,
which are strengthening exercises, especially for lumbar and
hip regions, and balance exercises, it could have a region-
specific effect. Benedetti et al. reported that resistance training
with or without loading might be responsible for improving
the bone mass and BMD in the specific-stimulated body areas
[18]. Furthermore, according to a property of piezoelectric
effect, strength training with a high volume and intensity
elicits biochemical signals in the bone due to deformation or
tension from muscular contractions. Those biochemical sig-
nals stimulate cellular action resulting in calcium deposition at
stressed and trained spots [36].

Jumping task is considered an essential part of any training
program designed for enhancing bone health. A randomized
trial conducted by Johannsen revealed that axial loading in the
form of jumping (25/day from 45 cm height for 5 days/week
lasting for 12 weeks) increased hip and spine BMC and also
increased BMDv by 4% in lower limb measured in the tibia

Table 3 Summary of the results of ANCOVA analysis

Dependent variables Pre-treatment Post-treatment Post-treatment difference

Study Control Study Control P value Partialη2

Lumber spine densitometry

BMD (g/cm2) 0.64 ± 0.11 0.63 ± 0.08 0.71 ± 0.06 0.65 ± 0.07 0.001* 0.29

BMC (g/cm) 31.37 ± 6.54 29.93 ± 9.52 36.93 ± 3.70 32.42 ± 7.16 0.005* 0.24

BMD z-score − 1.12 ± 0.40 − 1.21 ± 0.35 − 0.66 ± 0.34 − 0.94 ± 0.32 0.014* 0.19

BMDvol (g/cm
3) 0.33 ± 0.03 0.31 ± 0.04 0.35 ± 0.02 0.33 ± 0.03 0.08 –

Femoral neck densitometry

BMD (g/cm2) 0.64 ± 0.07 0.67 ± 0.05 0.74 ± 0.08 0.69 ± 0.04 < 0.001* 0.40

BMC (g/cm) 32.84 ± 7.98 33.29 ± 6.25 38.92 ± 6.10 34.76 ± 5.08 < 0.001* 0.53

BMD z-score − 1.30 ± 0.59 − 1.12 ± 0.55 − 0.69 ± 0.30 − 0.99 ± 0.40 < 0.001* 0.46

BMDvol (g/cm
3) 0.32 ± 0.04 0.31 ± 0.05 0.35 ± 0.03 0.32 ± 0.04 0.024* 0.16

Functional capacity

6MWT (m) 456.59 ± 102.54 493.19 ± 79.03 531.71 ± 90.59 509.31 ± 73.10 < 0.001* 0.48

BMD bone mineral density, BMC bone mineral content, BMDvol bone mineral density volumetric, 6MWT 6-min walk test. * Significant at P < 0.05.
Partial η2 , the effect size for significant ANCOVA test
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[37]. In the present study, the percent of the increase of BMC
in the study group at the lumbar spine and femoral neck re-
gions was 17.7% and 18.5%, respectively. However, the per-
centage of the rise in BMDv in the study group at the lumbar
spine and femoral neck areas, 6% and 9.3%, respectively, was
similar to what was stated in Johannsen’s study.We attributed
the higher increase of BMC in our study compared with
Johannsen’s study to the combining effect of core stability
exercises and weight-bearing exercise.

The plausible improvement of BMD z-score in our study
concerning the lumbar spine and femoral neck regions was
quite similar, 48.2% and 47% of improvement, respectively.
On the contrary, a previous study found negative results after
completion of the 6-month home-based exercise program
comprising jumping and resistance training assessing lumbar
spine bone mass and microarchitecture of distal tibia and ra-
dius bone in children with JIA. The results revealed no signif-
icant effect of treatment intervention found in the bone mass
and structure z-scores [38]. The possible difference between
our study and this previous study that prolonged the treatment
made it difficult for children to continue and being dropped.
So, the authors could not assess adequately the effect of treat-
ment on bone mass and structure in children.

Children with JIA have reduced aerobic capability and
functional capacities, which leads to losing the ability to con-
duct daily activities than do healthy children [6]. Core stability
exercises have a definite effect on dynamic functional activity,
which is gait. In the present study, 6MWT improved signifi-
cantly (P < 0.001, d = 0.48) in the study group, inferring that
core stability exercises have an impact on increased strength
of lower limb musculature that played a crucial role in walk-
ing. Since the core stability exercises contain both types of
training; strengthening and balance-proprioceptive training
exercises. So, it was acceptable to report in our study that
children in the study group showed a significant improvement
of functional ability in terms of increased 6MWT measure-
ment (531.71 ± 90.59, meters/6 min) compared with the con-
trol group (509.31 ± 3.10, meters/6 min). It is clear that the
study group in the current study, which contained strengthen-
ing and weight-bearing exercises, as well as core stability
exercises that improved the balance, had a positive effect on
improving the quality of life as walking. It comes in agree-
ment with Klepper, suggesting that the addition of weight-
bearing tasks to balance-proprioceptive exercises encouraged
patients readily to become engaged in daily life activities and
increased the lower limb musculatures [39].

In our study, the functional abilities of children improved
significantly in the form of increasing the covered meters by
16.5% in the study group measured by 6MWT. This finding
resulted from an organized exercise program consisting of
repetition of each exercise 10 times, three times/week, and
extended for 12 weeks. The session time lasted approximately
45 min. A prior study supported this result stating that a well-

designed structured exercise training 30–50 min, 2–3 times
per week, and extended for 3 to 6 months could decrease the
pain and improved the functional capabilities and quality of
life in children with JIA [40]. Also, Akuthota et al. stated that
the core stability exercises increased the strength of
transversus abdominis and internal oblique muscles resulting
in increasing the intra-abdominal pressure, enhanced endur-
ance, and increased the firing of gluteus maximus and medius
muscles, which contributed by a vital role in stabilizing the
trunk and pelvis in the walking activity [41].

Limitations

Although these findings are encouraging, it is worth
remarking some limitations of the study. First, although bone
densitometry DXA considered the cornerstone in both the
diagnosis and monitoring of bone strength and fracture risk,
however, besides DXA, the microarchitecture andmetabolism
of bone could be assessed thoroughly by biochemical markers
of bone turnover. They might give a comprehensive view of
bone health; but it was difficult to obtain bone biomarkers
from children because of challenging circumstances
concerning blood samples and preparations. Second, consid-
eration should be given to generalizing the results, so they are
specific to one type of JIA that is polyarticular. Further re-
searches are needed to investigate the effect of core stability
exercises with conventional PT on different types of JIA.
Third, genetics and diet factors might be substantial determi-
nants of BMD.

Conclusion

In conclusion, our results support the use of core stabilization
exercises as an effective combined treatment with convention-
al physical therapy in children suffering from polyarticular
JIA, aiming to enhance the bone health status and the func-
tional capacity.
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