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ABS TRACT Objective: This study was planned to investigate the ef-
fect of core stabilization exercises on upper extremity motor skills in 
overweight and obese children. Material and Methods: The study, 
which included obese, overweight and normal weight children, was de-
signed as a quasi-experimental controlled study. An eight-week core 
stabilization exercise program was implemented to the children. In the 
first two-weeks of the eight-weeks exercise training, the children were 
taught how to stabilize the core region. Upper extremity motor skills 
were evaluated before-after the exercise program. The push-up test, 
grip strength measurement, Modified Closed Kinetic Chain Upper Ex-
tremity Stability Test (M-CKCUEST), Bruininks-Oseretsky Test of 
Motor Proficiency-2 Short Form (BOT-2 SF), was used to evaluate 
upper extremity motor skills. SPSS 25.0 program was used for statisti-
cal analysis of the data. Significance level was determined as p<0.05. 
The normality distribution of continuous variables was evaluated with 
the Shapiro-Wilk test. When comparing the pre-test and post-test val-
ues, the dependent sample t-test was used if the data showed normal 
distribution, the Wilcoxon signed-rank test was used if it did not show 
normal distribution. Results: The study was completed with 46 chil-
dren, 12 obese, 18 overweight, and 16 normal weight. Statistically sig-
nificant improvement was obtained in the M-CKCUEST and BOT-2 
SF subtests in obese children (p<0.05). In the overweight and normal 
weight children, there was a significant improvement in the push-up 
test, M-CKCUEST and BOT-2 SF subtests (p<0.05). No significant re-
sults were found in the inter-group analysis of all tests (p>0.05). Con-
clusion: Core stabilization exercises in overweight and obese children 
can improve upper extremity motor skills.  
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ÖZET Amaç: Bu çalışma, fazla kilolu ve obez çocuklarda kor stabili-
zasyon egzersizlerinin üst ekstremite motor becerilerine etkisini araş-
tırmak amacıyla planlandı. Gereç ve Yöntemler: Obez, fazla kilolu ve 
normal kilolu çocukların dâhil edildiği çalışma yarı deneysel kontrollü 
bir çalışma olarak tasarlandı. Çocuklara 8 haftalık kor stabilizasyon eg-
zersiz programı uygulandı. Sekiz haftalık egzersiz eğitiminin ilk iki 
haftasında çocuklara kor bölgesini nasıl stabilize edecekleri öğretildi. 
Egzersiz programı öncesi ve sonrası üst ekstremite motor becerileri de-
ğerlendirildi. Üst ekstremite motor becerilerini değerlendirmek için 
şınav testi, kavrama kuvveti ölçümü, Modifiye Kapalı Kinetik Zincir 
Üst Ekstremite Stabilite Testi (M-KKZÜEST), Bruininks-Oseretsky 
Motor Yeterlilik Testi-2 Kısa Form (BOT-2 KF) kullanıldı. Verilerin 
istatistiksel analizinde SPSS 25.0 programı kullanıldı. Anlamlılık dü-
zeyi p<0,05 olarak belirlendi. Sürekli değişkenlerin normallik dağılımı 
Shapiro-Wilk testi ile değerlendirildi. Ön-test ve son-test değerlerinin 
karşılaştırılmasında, veriler normal dağılım gösteriyorsa bağımlı ör-
neklem t-testi, normal dağılım göstermiyorsa Wilcoxon işaretli sıralar 
testi kullanıldı. Bulgular: Çalışma 12 obez, 18 fazla kilolu ve 16 nor-
mal kilolu olmak üzere 46 çocuk ile tamamlandı. Obez çocuklarda M-
KKZÜEST ve BOT-2 KF alt testlerinde istatistiksel olarak anlamlı 
iyileşme elde edildi (p<0,05). Fazla kilolu ve normal kilolu çocuklarda 
şınav testi, M-KKZÜEST ve BOT-2 KF alt testlerinde anlamlı düzelme 
saptandı (p<0,05). Yapılan tüm testlerin gruplar arası analizinde an-
lamlı bir sonuç bulunamadı (p>0,05). Sonuç: Aşırı kilolu ve obez ço-
cuklarda kor stabilizasyon egzersizleri üst ekstremite motor becerilerini 
geliştirebilir. 
 
 
Anah tar Ke li me ler: Obezite; kor stabilitesi; üst ekstremite

ORIGINAL RESEARCH   ORİJİNAL ARAŞTIRMA DOI: 10.5336/pediatr.2023-96298

Correspondence: Cemre Yaren GÜNGÖRENLER 
Department of Physiotherapy and Rehabilitation, Yüksek İhtisas University Faculty of Health Science, Ankara, Türkiye  

E-mail: cyarengungorenler@gmail.com 
 

Peer review under responsibility of Turkiye Klinikleri Journal of Pediatrics. 
 

Re ce i ved: 23 Feb 2023          Ac cep ted: 12 Jun 2023          Available online: 15 Jun 2023 
 

2146-8990 / Copyright © 2023 by Türkiye Klinikleri. This is an open 
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Türkiye Klinikleri Pediatri Dergisi 
Turkiye Klinikleri Journal of Pediatrics

https://orcid.org/0000-0001-8661-1416
https://orcid.org/0000-0003-3797-8857
https://creativecommons.org/licenses/by-nc-nd/4.0/


Obesity is a public health problem that has in-
creased from past to present and affects all societies.1 

According to the World Health Organization (WHO), 
overweight (OW) and obesity are defined as “abnor-
mal or excessive fat accumulation that may impair 
health”.2 According to WHO 2016 data, it has been 
reported that the population of OW/obese (OB) chil-
dren and adolescents between the ages of 5-19 is 
more than 340 million.2 

Obesity affects all systems in our body. One of 
the systems most affected is the musculoskeletal sys-
tem. Because carrying excessively increased fat mass 
in OB children damages both the biomechanical 
structure and functions of the musculoskeletal sys-
tem. Obesity negatively affects functionally balance, 
coordination and basic motor skills.1,3,4 

When compared to their healthy weight peers, 
OW and OB children have deficits in body coordina-
tion, coordination skills of extremities, basic motor 
skills (gross and fine motor skills), balance, postural 
control, strength and agility.5,6 Studies also report that 
obesity in children has restrictive effects on fine 
motor skills such as upper extremity coordination and 
manual dexterity.7,8  

The three-dimensional cylindrical structure 
formed by the lumbo-pelvic-hip complex, which is 
known as the center of the musculoskeletal system 
and wraps the body like a corset made up of muscles, 
is called the core region.9-11 The most important task 
of the core region is to maintain the stability of the 
trunk and to ensure the formation of effective move-
ments in the distal segments with proximal power 
generation.9,10 The core region provides both postural 
control and fine-tuning of dexterous movements in 
the extremities. In the literature, it has been stated that 
the strength of the core region decreases with in-
creasing body mass index (BMI).12 

Based on the theories of anatomical connections, 
kinetic chain model, close connections of postural 
control and the upper extremity in the central nervous 
system, it is thought that there is a connection be-
tween upper extremity motor skills and core re-
gion.11,13 Moreover, it is stated that trunk stability and 
control are improved with core stabilization exer-
cises, thus postural stability is increased, resulting in 
skillful motor movements in the extremities.14 

Considering all this literature, this study aims to 
investigate the effect of core stabilization exercises 
on upper extremity motor skills in OW and OB chil-
dren.  

 MATERIAL AND METHODS 
The study was planned as a quasi-experimental con-
trolled study conducted with normal weight (NW), 
OW and OB children aged 7-10 years who voluntar-
ily agreed to participate in the study. The smallest 
sample size was calculated in the G*Power 3.1 (Hein-
rich-Heine-Universitat Düsseldorf, Germany) appli-
cation with a 95% confidence interval, 80% power 
analysis using the static balance average values of a 
similar study conducted in 2019 by looking at the lit-
erature.15 As a result of the calculations, the total 
number of NW, OW and OB children to be included 
in the study was determined as 45. Considering the 
loss in follow-up, it was aimed to reach 55 children in 
total. Children included in the study were divided into 
three groups as NW, OW and OB, based on per-
centile growth charts (2000 CDC Growth Charts) cre-
ated according to age, gender and BMI determined 
by the Center for Disease Control and Prevention 
(CDC).16 According to the CDC percentile growth ta-
bles, children with a percentile ≥95% were consid-
ered OB, children between ≥85% and <95% were 
OW, and children between 5% and <85% were NW.  

Children aged 7-10 years, who gave their own 
and parental consent to participate, were included in 
the study. Having a percentile value <5% according 
to CDC’s percentile growth tables, having an ortho-
pedic problem that will limit exercises in the extrem-
ities, cervical region and trunk; had any injury or 
surgery in the past 6 months; had bariatric surgery; 
having neuro-motor diseases, chronic joint problems, 
psychiatric and severe cognitive problems were ex-
cluded. Consent of all participants and their parents to 
participate in the study was obtained with the In-
formed Consent Form prepared by the researchers. 
The study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. 

Demographic characteristics such as age, gen-
der, dominant extremity, body weight, height, BMI 
of children who met the inclusion criteria were col-
lected. Children’s grip strength was evaluated with a 
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hand dynamometer, upper extremity stabilization was 
evaluated with a modified form of Closed Kinetic 
Chain Upper Extremity Stabilization Test (M-CK-
CUEST), and upper extremity endurance was evalu-
ated with push-up test. In addition, the upper 
extremity motor skills of the children were evaluated 
with the Bruininks-Oseretsky Test of Motor Profi-
ciency-2 Short Form (BOT-2 SF) subtests. Pre-test 
evaluations were made before starting the study. Core 
stabilization exercises for 45-60 minutes, three days 
a week for eight weeks, were applied to all children 
whose pre-test evaluations were completed success-
fully, under the supervision of a researcher. All par-
ticipants who completed the eight-week exercise 
program were repeated evaluations before the exer-
cises. 

EvALuATION METHODS 

Push-up Test 
Children lay prone position on a hard floor. Arms 
shoulder-width apart, feet together and back in a neu-
tral position. Push-ups were performed at a rhythm 
once every three seconds until the arms were flexed 
to 90°. Each correct push-up performed as described 
was rated as 1 point.17 

M-CKCuEST 
Two lines were determined 91.4 cm apart on the sta-
ble ground. Between these two lines, the children’s 
hands were directly under the shoulders, the male 
took the push-up position and the female took the 
modified push-up position. Hand changes were made 
by touching two lines 91.4 cm apart at maximum in-
tensity within 15 seconds. The test was repeated 3 
times with 45-second rest intervals. For the scoring of 
the test, the average of 3 hand changing was taken.18 

Grip Strength 
Grip strength was assessed using a standard hand dy-
namometer (Baseline Hydraulic Hand Dynamome-
ter, NY 10602 USA). During the test, the children 
were positioned in sitting position, shoulder adduc-
tion and neutral rotation, elbow 90⁰ flexion, forearm 
mid-rotation. Three tests were performed for each ex-
tremity. Grip strength score was formed by taking the 
average of the three tests.19 

BOT-2 SF 
The test consists of 8 subtests and 12 tasks. Dexter-
ity, upper extremity coordination and bilateral coor-
dination subtests were used in this study. The scores 
obtained during the test are the raw scores of the chil-
dren. Then, these raw scores were converted into 
point scores for each item using the conversion 
scale.20 

The Bilateral Coordination Subtest consists of 
the tasks of touching the tip of the nose with the index 
fingers and forming a square shape with the index and 
thumbs. Upper Extremity Coordination Subtest con-
sists of catching the ball one-handed thrown from a 
distance of 3 meters and dribbling tasks. The Manual 
Dexterity Subtest consists of the task of stringing the 
blocks separately with both hands for a period of 15 
seconds. 

The exercise program consisted of warm-up ex-
ercises for 5 minutes, core stabilization exercise train-
ing for 45-60 minutes, three days a week for eight 
weeks, and then cooling exercises for 5 minutes. The 
eight-weeks exercise program were applied in two 
stages under the supervision of a researcher. In the 
first two weeks of the eight-week exercise program, 
diaphragmatic breathing and abdominal drawing-in 
maneuvers were performed in different positions 
(supine, crawling, sitting, standing, walking) in order 
to teach the children proper and controlled stabiliza-
tion of the lumbopelvic region. Then, the remaining 
6 weeks continued with exercises aimed at strength-
ening the core region. Core stabilization exercises ap-
plied to the children are presented in Table 1. 

ETHICS COMMITTEE APPROvAL 
Ethics committee approval was obtained for the con-
duct of the research with the decision number 
2021/10-36 of the Dokuz Eylül University Non-In-
terventional Research Ethics Committee dated March 
29, 2021. 

STATISTICAL ANALYSIS 
SPSS 25.0 program (SPSS Inc., Chicago, IL, USA) 
was used for statistical analysis of the data. Signifi-
cance level was determined as p<0.05. The normality 
distribution of continuous variables was evaluated 
with the Shapiro-Wilk test. Descriptive features were 
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expressed as mean±standard deviation and median 
(minimum-maximum) for continuous variables, and 
numbers (n) and percentage (%) for categorical vari-
ables. In the comparison of the pre-test and post-test 
values of the intragroup data, the dependent sample t-
test was used if the data showed normal distribution, 
the Wilcoxon signed-rank test was used if it did not 
show normal distribution.  

In the comparison of the pre-test and post-test 
change differences of the inter-groups, the One-way 
ANOVA test was used if the data showed normal dis-
tribution, and the Games-Howell test was used to de-
termine the group that caused the difference. 
Kruskal-Wallis test was used in the comparison of 
the pre-test and post-test change differences inter-
groups, if the data did not show normal distribution, 
and the Bonferroni Corrected Mann-Whitney U test 

was used to determine the group that caused the dif-
ference. 

 RESuLTS 
The study was completed with a total of 46 children, 
16 female (34.8%) and 30 male 65.2%), with a mean 
age of 8.96±1.27 years. 26.1% of the children were 
OB (12), 39.1% were OW (18), and 34.8% were NW 
(16). While the number of right-hand dominant chil-
dren was 44 (95.7%) the number of left-hand domi-
nant children was 2 (4.3%). Other descriptive features 
of the children were presented in the Table 2.  

Intragroup analysis of pre-test and post-test re-
sults of push-up test; while there was a statistically 
significant difference in the OW and NW children 
(p<0.05), no significant difference in the OB children 

3-4 weeks 5-6 weeks 7-8 weeks 
Exercises Number of set-number of repetition/time Number of set-number of repetition/time Number of set-number of repetition/time 
Cat/Cow stretch 2 sets 2 sets 3 sets 
Bird-Dog 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Press up 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Dead bug 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Sit up 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Medicine ball seated twist 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Prone plank 2 sets-15 sec 2 sets-20 sec 3 sets-30 sec 
Side plank 2 sets-15 sec 2 sets-20 sec 3 sets-30 sec 
Swimmer 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Superman 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 
Russian twist 2 sets-10 repetitions 2 sets-15 repetitions 3 sets-15 repetitions 

TABLE 1:  Exercises performed in the six weeks of exercise training.

Pre-test Post-test 
X±SD Minimum-Maximum X±SD Minimum-Maximum p value 

Obese group Weight (kg) 51.41±10.52 36.8-74.8 53.21±12.46 39.8-86 0.050 
Height (m) 1.41±0.1 1.18-1.53 1.42±0.1 1.2-1.57 0.006* 
BMI (kg/m2) 25.77±2.71 22.21-31.95 26.03±3.5 21.94-35.11 0.433 

Overweight group Weight (kg) 34.48±6.49 22.4-46.3 34.67±6.69 21.8-47 0.532 
Height (m) 1.33±0.1 1.13-1.49 1.34±0.09 1.14-1.49 0.001* 
BMI (kg/m2) 19.42±1.31 17.57-21.76 19.1±1.51 16.77-21.75 0.056 

Normal weight group Weight (kg) 30.31±7.58 9-44.8 30.92±7.34 20.9-45.4 0.011* 
Height (m) 1.34±0.12 1.16-1.56 1.35±0.12 1.17-1.56 0.003* 
BMI (kg/m2) 16.5±1.52 13.79-18.78 16.66±1.33 14.5-18.87 0.265 

TABLE 2:  Analysis of weight, height and BMI pretest and posttest findings.

*p<0.05; BMI: Body mass index; SD: Standard deviation.
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(p>0.05). In the M-CKCUEST pre-test and post-test 
results showed a statistically significant difference in 
all groups (p<0.05). In the grip strength pre-test and 
post-test results didn’t show a statistically significant 
difference for the three groups on both the right and 
left sides (p>0.05) (Table 3). 

In the intragroup analyzes of the pre-test and 
post-test results of the bilateral coordination subtests 
in the OB group, while there was a statistically sig-
nificant difference in the subtest of touching the tip of 
the nose with the index fingers, no significant differ-
ence in the subtest of forming a square with the index 
and thumbs. Statistically significant difference was 
found in both upper extremity coordination subtests 
and stringing the blocks test in the manual dexterity 
subtest (p<0.05, Table 4).  

Statistically significant difference was found in 
both of the bilateral coordination subtests of the OW 
children. While there was a statistically significant 
difference in the upper extremity coordination drib-
bling subtest (p<0.05), no significant difference was 
found in the catching the ball subtest (p>0.05). Sta-
tistically significant difference was also found in the 
manual dexterity subtest (p<0.05) (Table 4). 

Statistically significant difference was found in 
the intragroup analyzes of the pre-test and post-test 
results of the bilateral coordination subtests of the 
NW children (p<0.05). There was no statistically sig-

nificant difference in upper extremity coordination 
subtests and manuel dexterity subtests (p>0.05) 
(Table 4). 

There was no statistically significant difference 
in the analysis of push-up test, M-CKCUEST and 
grip strength (right and left sides) measurements, pre-
test and post-test change differences inter-groups 
(p>0.05) (Table 5). There was no statistically signif-
icant difference in the analysis of the inter-groups, in 
the pre-test and post-test change differences in all 
subtests of BOT-2 SF (p>0.05) (Table 6). 

 DISCuSSION 
The results obtained from the study showed that core 
stabilization exercises affected upper extremity motor 
skills in OB, OW and NW children. 

Looking at the push up test results, it was ob-
served that OB children were more unsuccessful in 
push-up test performance than other two groups be-
fore the exercise. It has been determined that as the 
body weight increases, weight-bearing performance, 
including the upper extremities, is negatively affected 
in the prone position. The push-up test also requires 
good upper extremity muscle strength and stabiliza-
tion of the trunk/shoulder girdle. The results obtained 
from the study suggest that low push-up performance 
may cause failure in growth and development per-
formance characterized by deviations from normal in 

Pre-test Post-test 
Tests (X±SD) Median (minimum-maximum) (X±SD) Median (minimum-maximum) p value 

Obese group Push up test 3±4.26 2 (0-15) 4.08±6.07 2 (0-21) 0.137 
M-CKCuEST 8.19±4.59 9.5 (0-13) 10.03±5.07 11.33 (1.67-17.33) 0.024* 
Grip strength (right) 20.06±4.26 20.17 (11.67-27.33) 19.72±4.21 20 (12-27.67) 0.359 
Grip strength (left) 18.89±4.05 20.33 (10.33-24) 18.56±4.19 18.83 (10-24.33) 0.610 

Overweight group Push up test 5.56±5.2 4 (0-17) 8.78±8.36 6.5 (0-29) 0.011* 
M-CKCuEST 10.91±4.58 11.17 (0.67-18.67) 12.59±4.05 13 (3.67-20.33) 0.009* 
Grip strength (right) 17.63±5.1 17.5 (9.33-29.33) 18±5.31 17.33 (11-30.33) 0.583 
Grip strength  (left) 16.61±4.68 17.67 (8-26) 17.37±5.21 17.83 (9.33-29) 0.227 

Normal weight group Push up test 6.63±6.52 5 (0-20) 11.5±10.24 8.5 (0-29) 0.004* 
M-CKCuEST 12.08±2.95 12.33  (4.67-16.33) 13.5±3.75 13.67 (7-19.33) 0.006* 
Grip strength (right) 17.4±4.33 17.33 (10-25.33) 17.31±5.97 16.17 (8.33-31) 0.901 
Grip strength (left) 16.96±4.14 16.83 (10.67-24) 17.38±5.76 15.33 (9-31) 0.614 

TABLE 3:  Intragroup analyzes of pretest and posttest findings of push up, M-CKCuEST and grip strength measurement tests.

*p<0.05; M-CKCuEST: Modified closed kinetic chain upper extremity stability test; SD: Standard deviation. 
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the growth curve in OB children, in activities that re-
quire standing up from the ground and pushing with 
the upper extremities in prone activities. Considering 
that increased body weight is not only related to 
standing and walking performance, but may also af-
fect functional skills such as sitting on the floor, get-
ting up from the ground, returning from the prone 

position to the supine position. The importance of 
having a healthy weight in children can be understood 
once again. In addition, activity and exercise prac-
tices aimed at increasing trunk stability and en-
durance will also contribute positively to push-up 
skills. As a matter of fact, in our study, it was ob-
served that core stabilization exercises applied for 

Pre-test Post-test 
Tests (X±SD) Median (minimum-maximum) (X±SD) Median (minimum-maximum) p value 

Obese group Bilateral Coordination ST  
Touch the tip of the nose 3.21±0.89 3.5 (1-4) 3.71±0.58 4 (2.5-4) 0.016* 
Forming a square shape 4.54±0.4 4.5 (4-5) 4.75±0.4 5 (4-5) 0.096 
UE Coordination ST 
Catching the ball one-handed 2.42±1.31 2 (1-4) 3.58±1.38 4 (1-5) 0.011* 
Dribbling the ball. 4.17±1.32 4 (2.5-6) 4.96±1.71 5 (2.5-7) 0.018* 
Manual Dexterity ST 
Stringing the blocks 3.58±0.97 3.5 (2-5) 4.21±0.89 4 (3-5.5) 0.003* 

Overweight group Bilateral Coordination ST 
Touch the tip of the nose 3.36±0.61 3.5 (2-4) 3.81±0.3 4 (3-4) 0.008* 
Forming a square shape 3.89±1.42 4.5 (0-5) 4.42±1.19 5 (0-5) 0.018* 
UE Coordination ST 
Catching the ball one-handed 2.67±1.75 3 (0-5) 3.06±1.73 3.5 (0-5) 0.138 
Dribbling the ball. 4.92±1.84 5.25 (1.5-7) 5.61±1.73 6.25 (2-7) 0.003* 
Manual Dexterity ST 
Stringing the blocks 3.28±1.09 3.5 (2-5) 3.83±0.89 4 (2.5-5.5) 0.008* 

Normal weight group Bilateral Coordination ST 
Touch the tip of the nose 3.16±0.91 3.5 (1.5-4) 3.56±0.75 4 (1.5-4) 0.016* 
Forming a square shape 4.31±1.12 4.75 (1-5) 4.94±0.17 5 (4.5-5) 0.027* 
UE Coordination ST 
Catching the ball one-handed 2.94±1.73 3 (0-5) 3.19±1.83 4 (0-5) 0.206 
Dribbling the ball. 4.66±1.8 5 (1-7) 5.34±1.41 5 (3-7) 0.059 
Manual Dexterity ST 
Stringing the blocks 3.78±0.86 4 (2-5.5) 4.06±0.98 4 (2.5-5.5) 0.167 

TABLE 4:  Intragroup analyzes of BOT-2 SF subtests pretest and posttest findings.

*p<0.05; M-CKCuEST: Modified closed kinetic chain upper extremity stability test; SD: Standard deviation.

Obese group Overweight group Normal weight group 
(Pre test-Post test) (Pre test-Post test) (Pre test-Post test) 

(Pre test-Post test) Median (Pre test-Post test) Median (Pre test-Post test) Median 
X (SD) (minimum/maximum) X (SD) (minimum/maximum) X (SD) (minimum/maximum) p value 

Push up test 1.08 (2.23) 0.5 (-2/6) 3.22 (5.06) 2 (-6/15) 4.88 (6.7) 1.5 (-1/19) 0.251 
M-CKCuEST 1.83 (2.42) 1.67 (-1/7.67) 1.69 (2.43) 1.67 (-3.67/6.33) 1.42 (1.76) 1.83 (-3/4) 0.986 
Grip strength (right) -0.33 (1.21) 0 (-3.33/1.33) 0.37 (2.8) 0.17 (-5/5.67) -0.08 (2.65) 0 (-5.33/5.67) 0.650 
Grip strength (left) -0.33 (2.2) -0.17 (-4.67/3.67) 0.76 (2.57) 0.17 (-4/7) 0.42 (3.24) 0 (-5.33/7) 0.477 

TABLE 5:  Inter-group analyzes of the change differences pre-test and post-test findings of push up test, M-CKCuEST and grip strength 
measurement.

*p<0.05; M-CKCuEST: Modified closed kinetic chain upper extremity stability test; SD: Standard deviation. 
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eight-weeks significantly improved push-up skills in 
children with NW and OW. When looking at the lit-
erature, it has been seen that core stabilization exer-
cises provide improvements in the push up test in 
children and/or adolescents, consistent with our re-
sults.21-23 Although a numerical increase was achieved 
in OB children in our study, a statistical significance 
was not reached. It is thought that these results may 
be due to the difficulty of OB children in taking and 
maintaining their starting positions, the negative ef-
fects of excessive weight gain on lifting the trunk 
from the ground and transporting time.  

M-CKCUEST is a test that evaluates the func-
tional performance of the shoulder, shoulder girdle 
and elbow, and also provides information about the 
strength, motor control and proprioceptive sense of 
the shoulder region.24 Successful completion of the 
CKCUEST requires adequate core strength and sta-
bility.25 In our study, it was observed that the core sta-
bilization exercises significantly improved the results 
of M-CKCUEST in all groups. Lust et al. have ap-
plied six-weeks core stabilization exercises to young 
baseball players and achieved improvement in the 
CKCUEST results.26 Additionally, when the results 
of M-CKCUEST were evaluated in our study, it was 
determined that OB children had less touch perfor-
mance than OW and NW children and showed less 
improvement after exercise. Since the performance 
of the CKCUEST requires adequate shoulder-trunk 
stability and endurance, it was thought that this per-
formance was lower in OB children at baseline val-

ues, which is reflected in these results. The results ob-
tained from the push-up test values also support this 
findings.  

Our results showed that core stabilization exer-
cises had no statistically significant effect on grip 
strength, regardless of weight status. In a study con-
ducted with athletic adolescents, it has observed that 
core stabilization exercises provided a significant im-
provement in left side grip strength results.27 In an-
other study, no improvements have observed in the 
grip strength of pilates exercises applied to children 
aged 5-6 years, consistent with the results of our 
study.28 In a study comparing the grip strength of NW 
and OB adolescents, the grip strength results have 
found to be similar, but it has stated that the OB group 
had lower values in the expected grip strength per-
centages according to age and gender. This situation 
has interpreted in the study as it may be due to the 
losses in general muscle strength.29 On the contrary in 
another study, it has stated that the grip strength of 
OW and OB individuals was higher than their NW 
peers.30 Likewise, Deforche et al. showed that the grip 
strength has higher in OB children in their studies.31 

Looking at our results, when the mean values of grip 
strength were compared between the groups, it was 
observed that the grip strength measurement values of 
OW and NW children did not show a significant dif-
ference, while the mean grip strength of the both 
sides of the OB children was higher than the other 
two groups. This situation showed that OB children 
can be more successful in activities based on force in 

Obese group Overweight group Normal weight group 
(Pre test-Post test) (Pre test-Post test) (Pre test-Post test) 

(Pre test-Post test) Median (Pre test-Post test) Median (Pre test-Post test) Median 
X (SD) (minimum/maximum) X (SD) (minimum/maximum) X (SD) (minimum/maximum) p value 

Bilateral Coordination ST  
Touch the tip of the nose 0.5 (0.52) 0.5 (0/1.5) 0.44 (0.59) 0.5 (-0.5/1.5) 0.41 (0.58) 0 (0/2) 0.806 
Forming a square shape 0.21 (0.4) 0 (-0.5/1) 0.53 (0.88) 0.25 (-0.5/3) 0.63 (1.15) 0 (0/4) 0.773 
UE Coordination ST 
Catching the ball one-handed 1.17 (1.12) 1 (0/3) 0.39 (1.04) 0.5 (-2/2) 0.25 (0.78) 0 (-1/2) 0.079 
Dribbling the ball. 0.79 (0.99) 0.75 (-1/2.5) 0.69 (0.73) 0.5 (-0.5/2) 0.69 (1.29) 0.25 (-1.5/3) 0.839 
Manual Dexterity ST 
Stringing the blocks 0.63 (0.57) 0.5 (0/2) 0.56 (0.76) 0.5 (-0.5/2.5) 0.28 (0.77) 0 (-1/2) 0.272 

TABLE 6:  Inter-group analyzes of the change differences pre-test and post-test findings of BOT-2 SF subtests.

*p<0.05; BOT-2 SF: Bruininks-Oseretsky Test of Motor Proficiency-2 Short Form; ST: Subtest; uE: upper extremity; SD: Standard deviation. 



the static position, which do not require dynamic and 
motor skills/coordination.  

In a study, a relationship has found between 
Mcgill core stability tests and upper extremity motor 
skill tests.32 It has been mentioned that a stronger core 
region provides a more effective force flow to the 
upper extremity by providing a stable trunk, there-
fore, to be more successful in upper extremity tests. 
Conversely, a weak core region can cause ineffective 
extremity movements.32 In line with this hypothesis, 
improvements obtained from upper extremity motor 
skill measurements were evaluated as a result of core 
stabilization exercises in our study. Moreover, it is 
among the hypotheses in the literature that core sta-
bilization exercises cause an increase in core muscle 
strength, but also increase neuromuscular facilitation, 
resulting in more dexterous movements in the ex-
tremities.33 In the findings of our study, significant 
improvement in BOT-2 SF tests of OW and OB (in-
cluding NW children in some BOT-2 SF subtests) 
children supports this hypothesis. In addition, con-
sidering the kinetic chain model, the improvements 
in the push-up and M-CKCUEST after core stabi-
lization exercises suggest that core stabilization ex-
ercises contribute to the stability development of the 
shoulder complex, thus contributing to the formation 
of more dexterous motor activities in the distal ex-
tremity.  

When the BOT-2 SF pre-test results were eval-
uated according to BMI status, OB children showed 
lower performance in catching the ball one-handed 
and dribbling tasks than other two groups. Although 
similar results were observed between the groups in 
the task of touching the tip of the nose, it was ob-
served that the children with the lowest number of 
touching the tip of their nose in a coordinated way 
were OB children. In the bilateral coordination sub-
test forming square task, NW children performed 
higher than other two groups. It was noted that the 
most successful children in the manual dexterity sub-
test were also in the NW children. These results con-
firm the hypothesis that as BMI increases in children, 
there are more clumsy movements in upper extrem-
ity motor skills. Gentier et al. stated that obesity has 
a limiting effect on fine motor skills such as upper 
extremity coordination and dexterity.8 In contrast, 

Marmeleira et al. in their study of children aged 6-10 
years, they concluded that fine motor skills have rel-
atively independent of increased BMI.34 In another 
study conducted with OW and NW children aged 5-
6 years, no statistically significant difference has 
found between the two groups in terms of fine motor 
skills.35  

Although NW children were more successful in 
the pre-test of fine motor skills in our study, no sig-
nificant difference was observed in the mean values 
between groups. Moreover, the significant improve-
ments were seen only in the bilateral coordination 
subtests in the BOT-2 SF test in NW children. This 
results thought that the results obtained might have 
resulted from the fact that the test used to evaluate 
the relevant parameter was a simple test therefore the 
results of the evaluation were insufficient. The lack of 
assessment test/scale to be used in the assessment of 
fine motor skills in children aged 7-10 is mentioned 
in the literature, and it is stated that there is a need 
for tests to be developed specifically for the relevant 
age group.34 Our results support the literature studies 
on this subject.  

LIMITATION 
It was tried to reach more participants than the small-
est sample size obtained as a result of the power an-
alyzes made before starting the study. However, this 
aim could not be achieved because the research was 
carried out during the coronavirus disease-2019 pan-
demic. Due to the pandemic, there was a state of anx-
iety and panic in children and their parents about 
participation in the research, thus prolonging the data 
collection process. 

 CONCLuSION 
The results of our study showed that eight-week 
core stabilization exercises improved upper extrem-
ity motor skills in OW, OB and NW children. Al-
though improvements were observed in upper 
extremity motor skills after core stabilization exer-
cises applied in children with healthy weight, it was 
determined that core stabilization exercises were 
more effective in increasing upper extremity motor 
skills in OW and OB children compared to NW chil-
dren.  
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