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Trunk muscle endurance and upper extrem�ty performance �n healthy adults
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ABSTRACT

Object�ve: The aim of this study was to examine the relationship between trunk muscle endurance and upper extremity performance in healthy adult
individuals.
Mater�als and Methods: A total of 139 healthy individuals aged between 18-59 were recruited for the study. The McGill Trunk Muscle Endurance Tests,
Upper Limb Rotation Test, Closed Kinetic Chain Upper Extremity Stability Test, and Upper Extremity Y-Balance Test were evaluated to investigate the
correlation between trunk muscle endurance and upper extremity performance.
Results: A same-directional and low-level relationship was found between upper extremity rotation test scores and extensor endurance and flexor en‐
durance test scores [rs=0.382; rs=0.329; rs=0.244; rs=0.243; (p<0.001)]. A same-directional and moderate relationship was found between upper ext‐
remity rotation test scores and flexor endurance, right and left lateral endurance scores [rs=0.446; rs=0.453; rs=0.460; rs=0.476; (p<0.001)]. A direct
low level relationship was found between closed kinetic chain upper extremity stability test score and trunk endurance test scores [rs=0.265;
rs=0.208; rs=0.319; rs=0.359; (p<0.001)]. Also, a same-directional and low-level relationship was found between upper extremity Y-balance test sco‐
res and extensor and flexor endurance test scores [rs=0.275; rs=0.232; rs=0.274; rs=0.361; (p<0.001)]. A same-directional and moderate relationship
was found between upper extremity Y-balance test scores and right and left lateral endurance test scores [rs=0.460; rs=0.432; rs=0.503; rs=0.455;
(p<0.001)].
Conclus�ons: The results indicate that as trunk muscle endurance improved in healthy adults, there is a linear increase in upper extremity performan‐
ce. These findings underscore the multifaceted nature of the kinetic chain in movements and the significant relationship between upper extremity and
trunk stability. Therefore, this study suggests that to enhance individuals’ upper extremity performance, trunk muscle endurance exercises should take
place in training programmes.
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ÖZ

Amaç: Bu çalışmanın amacı sağlıklı yetişkin bireylerde gövde kas endüransı ile üst ekstremite performansı arasındaki ilişkinin incelenmesiydi.
Gereç ve Yöntem: Çalışmaya 18-59 yaş arası 139 sağlıklı birey alındı. Gövde kaslarının endüransını değerlendirmek için McGill Gövde Kas Endürans
Testleri kullanıldı. Üst ekstremite performansını değerlendirmek için Üst Ekstremite Rotasyon Testi, Kapalı Kinetik Zincir Üst Ekstremite Stabilite Testi ve
Üst Ekstremite Y-Denge Testi kullanıldı.
Bulgular: Üst ekstemite rotasyon test skorları ile ekstansör ve fleksör endürans test skorları arasında aynı yönlü ve düşük düzeyde ilişki olduğu belir‐
lendi (rs=0.382; rs=0.329; rs=0.244; rs=0.243; (p<0.001)). Üst ekstremite rotasyon test skorları ile fleksör endürans, sağ ve sol lateral endürans skorları
arasında aynı yönlü ve orta düzeyde ilişki olduğu belirlendi (rs=0.446; rs=0.453; rs=0.460; rs=0.476; (p<0.001)). Kapalı kinetik zincir üst ekstremite sta‐
bilite testi skoru ile gövde endürans test skorları arasında aynı yönlü ve düşük düzeyde ilişki olduğu belirlendi (rs=0.265; rs=0.208; rs=0.319; rs=0.359;
(p<0.001)). Üst ekstremite Y-denge test skorları ile ekstansör ve fleksör endürans test skorları arasında aynı yönlü ve düşük düzeyde ilişki olduğu belir‐
lendi (rs=0.275; rs=0.232; rs=0.274; rs=0.361; (p<0,001)). Üst ekstremite Y- denge test skorları ile sağ ve sol lateral endürans test skorları arasında
aynı yönlü ve orta düzeyde ilişki olduğu belirlendi (rs=0.460; rs=0.432; rs=0.503; rs=0,455; (p<0.001)).

Sonuç: Sağlıklı yetişkin bireylerde gövde kas endüransı arttıkça üst ekstremite performansının arttığı belirlendi. Çalışmanın sonuçları hareketlerdeki ki‐
netik zincirin çok yönlü doğasını ve üst ekstremite ile gövde stabilitesi arasındaki ilişkiyi vurgulamaktadır. Bu çalışma bireylerin üst ekstremite perfor‐
mansını geliştirmek için antrenman programlarına gövde kas endüransına yönelik egzersizlerin de konulması gerektiğini önermektedir.
Anahtar Sözcükler: Kas gücü, gövde endüransı, performans testi, üst ekstremite

INTRODUCTION
Movement patterns such as throw�ng (1), sp�ke jump (2) and
k�ck�ng (3) �nvolv�ng lower and upper extrem�t�es of healthy

�nd�v�duals are fac�l�tated through the k�net�c cha�n, �n
wh�ch many �nterconnected segments from the ankle jo�nt
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to the glenohumeral jo�nt work �n synchron�zat�on and co-
ord�nat�on w�th each other (4). To ach�eve opt�mum perfor-
mance �n the lower and upper extrem�t�es, muscle act�vat�-
on and force transm�ss�on throughout the ent�re k�net�c
cha�n �s requ�red (4), and th�s can be ach�eved by force
transm�ss�on �n the core musculature (5).

The core reg�on, located at the center of the musculoskele-
tal k�net�c cha�n, cons�sts of the sp�ne, pelv�s, h�p, prox�mal
lower extrem�ty and abdom�nal structures. It serves as an
anatom�cal fulcrum for the movement of d�stal segments of
the musculoskeletal system (6). Th�s �s known as prox�mal
stab�l�ty for d�stal mob�l�ty dur�ng throw�ng, runn�ng and
h�tt�ng act�v�t�es (7). Muscles such as lat�ss�mus dors�,
hamstr�ng, quadr�ceps and �l�opsoas, wh�ch are the pr�mary
mover muscles of d�stal jo�nts, are located on the sp�ne and
pelv�s. S�m�larly, the gluteals, h�p rotators and trapez�us
muscles, wh�ch are the pr�mary stab�l�zer muscles of the lo-
wer and upper extrem�t�es, are also located w�th�n the core
area. As a result, core muscles are the structures respons�b-
le for the stab�l�zat�on of the sp�ne and pelv�s, and the cre-
at�on of movement and energy transfer from the larger jo-
�nts of the body to the smaller ones through the k�net�c cha-
�n (8).

Due to the k�net�c cha�n mechan�sm, movements that requ-
�re h�gh explos�ve force, such as throw�ng and sp�k�ng, are
generated mostly by the act�vat�on of core muscles through
the extended range of shoulder �nternal rotat�on, comb�ned
w�th the forward movement of the trunk (1). Problems �n
core muscles’ act�vat�on or mob�l�ty of the core reg�on can
lead to excess�ve load on the glenohumeral muscles, poten-
t�ally result�ng �n �njur�es (5).

Wh�le there �s consensus �n the l�terature about the relat�-
onsh�p between core muscles and lower extrem�ty muscle
strength and performance (4,6,9,10), the relat�onsh�p bet-
ween upper extrem�ty muscle strength and performance
cont�nues to be �nvest�gated. A study reported that there
was no stat�st�cal relat�onsh�p between trunk muscle endu-
rance and shoulder �njury frequency �n athletes (11). S�m�-
larly, L�n et al. (12) reported that there was no relat�onsh�p
between trunk muscle endurance and upper extrem�ty per-
formance �n baseball athletes. On the other hand, �t has
been observed that there �s pos�t�ve relat�onsh�p between
trunk muscle endurance and throw�ng performance �n
handball athletes (13). However, there are also stud�es sho-
w�ng that throw�ng athletes w�th shoulder pa�n have lower
core stab�l�ty compared w�th healthy athletes (5), and that

there �s relat�onsh�p between upper extrem�ty Y-balance
test and trunk muscle strength (14).

In stud�es conducted on athletes It �s generally seen that
there �s no relat�onsh�p between trunk muscle endurance
and upper extrem�ty performance �n un�njured athletes
(11,12), wh�le �n contrast relat�onsh�p �s found �n �njured
athletes (5,13,14). We th�nk that th�s may be due to the fact
that athletes generally have h�gher muscle strength and
that f�eld test measurements may not d�st�ngu�sh small d�f-
ferences (15-17), thus poss�ble relat�onsh�ps can be more
eas�ly revealed �n healthy �nd�v�duals. A l�m�ted number of
stud�es have been found �n the l�terature exam�n�ng the re-
lat�onsh�p between trunk muscle endurance and upper ext-
rem�ty performances �n healthy adults. Therefore, the a�m
of th�s study was to exam�ne the relat�onsh�p between
trunk muscle endurance and upper extrem�ty performance
�n healthy adults.

MATERIAL and METHODS
Study des�gn

Th�s �s a cross-sect�onal study, that was approved by Anka-
ra Yıldırım Beyazıt Un�vers�ty Health Sc�ences Eth�cs Com-
m�ttee (Approval number: 14.06.2023/06-273). The study
was conducted at the Faculty of Sports Sc�ences Laboratory
of Ankara Yıldırım Beyazıt Un�vers�ty �n accordance w�th
the Declarat�on of Hels�nk�.

Part�c�pants

Verbal and wr�tten announcements were made and snow-
ball sampl�ng method was used to reach out to �nd�v�duals
to be �ncluded �n the study. Healthy �nd�v�duals over the
age of 18, who volunteered to part�c�pate �n the study were
selected. The exclus�on cr�ter�a for the study were: hav�ng
any neurolog�cal, musculoskeletal or card�opulmonary d�-
sorder, hav�ng undergone any orthoped�c and/or sp�nal
surgery �n the last s�x months, and hav�ng any pa�n comp-
la�nts that would restr�ct one's movements. Informed wr�t-
ten consent was obta�ned from �nd�v�duals part�c�pat�ng �n
the study.

Procedures

All evaluat�ons were carr�ed out by a phys�otherap�st w�th
f�ve years of exper�ence through face-to-face meet�ngs. The
�nd�v�duals' age (yrs), body we�ght (kg), he�ght (m), gender
and educat�on prof�le (yrs) were recorded. Body mass �ndex
(BMI) values were calculated by d�v�d�ng body we�ght by
the square of he�ght and expressed as kg/m2 (9).
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Trunk muscle endurance tests

Trunk muscle endurance was evaluated w�th McG�ll's trunk
�exor, extensor and r�ght/le� lateral �exor muscle endu-
rance tests.

Trunk �exor endurance test: It was performed wh�le the �n-
d�v�dual pos�t�oned w�th the hands crossed on the shoul-
ders, the h�ps and knees bent �n 90° �ex�on, and the soles
of the feet �n a f�xed hook pos�t�on on the �oor. The �nd�v�-
dual was asked to lean the�r shoulders on the 60° �ncl�ned
wooden platform beh�nd them and to ma�nta�n the pos�t�on
for as long as poss�ble a�er the platform was pulled beh�nd
them. T�m�ng was started a�er the platform was w�thdra-
wn, and dur�ng the test, the �nd�v�dual was asked to ma�n-
ta�n the sp�ne �n a neutral pos�t�on by us�ng abdom�nal
muscles. If there was a v�sually not�ceable change �n trunk
pos�t�on, the test was term�nated and t�me was recorded �n
seconds.

Trunk extensor endurance test: It was performed wh�le the
�nd�v�dual was ly�ng prone on a bed w�th the trunk exposed
to the level of the anter�or super�or �l�ac sp�ne. In order to
stab�l�ze the �nd�v�dual's lower extrem�ty, abelt was passed
over the ankle and another one was locked over the th�gh.
When �nd�v�duals wereready, they were asked to cross the�r
hands on the�r shoulders, extend the�r body unt�l �t was pa-
rallel to the ground, and keep the�r sp�ne �n a hor�zontal
pos�t�on by us�ng the trunk extensor muscles. T�m�ng star-
ted when �nd�v�duals took the�r pos�t�on, and �f there �s a
v�sually not�ceable change �n trunk pos�t�on, the test was
term�nated and t�me was recorded �n seconds.

Trunk lateral �exor endurance tests: It was performed w�th
the lower arm pos�t�oned under the body, the upper arm
next to the body, and knees extended along the trunk s�de.
When the �nd�v�duals were ready, they were asked to l��
the�r h�ps o� the bed wh�le ma�nta�n�ng the neutral pos�t�-
on of the whole body on the forearm, as �n the s�de-br�d-
g�ng exerc�se. T�m�ng started when the �nd�v�duals took
the�r pos�t�on, and �f there was a v�sually not�ceable change
�n trunk pos�t�on, the test was term�nated and t�me was re-
corded �n seconds. The test was performed separately for
both r�ght and le� trunk lateral muscle groups (18).

Upper extrem�ty performance tests

Upper l�mb rotat�on test: It �s a val�d and rel�able test (19)
used for evaluat�ng trunk and per�scapular muscle st-
rength. The start�ng pos�t�on of the test �s a mod�f�ed push-
up pos�t�on w�th arms open at shoulder w�dth, upper body
supported w�th the forearm, elbow �exed at 90°, body and
h�p parallel to the ground. The �nd�v�dual takes the push-
up pos�t�on near the wall because the shoulder, lateral ep�-
condyle, greater trochanter and lateral malleolus on the

s�de closest to the wall are des�red to be �n contact w�th the
wall. Wh�le the �nd�v�dual �s �n th�s pos�t�on, the arm on the
s�de closest to the wall was f�xed to the ground. The body �s
externally rotated and shoulder �n 90° abduct�on and 90°
external rotat�on, and the person was asked to ma�nta�n
th�s pos�t�on for 15 s wh�le the arm on the s�de of the rotat�-
on was �n contact w�th the wall. The �nd�v�dual was allowed
to try the test 1-2 t�mes to become fam�l�ar w�th �t. A�er-
wards, the test was repeated three t�mes separately for the
dom�nant and non-dom�nant s�des, and the average of the-
se values was used �n the analys�s.

Upper extrem�ty closed k�net�c cha�n stab�l�ty test: It �s a va-
l�d and rel�able test (20) frequently used for assesment of
per�scapular muscle strength performance. For test�ng, two
p�eces of athlet�c tape were attached to the �oor 0.9 m
apart. The �nd�v�dual was asked to take a standard push-up
pos�t�on w�th hands open at the tape level. The �nd�v�dual
was asked to move the hands from one tape l�ne to the next
as qu�ckly as poss�ble, touch�ng each l�ne by act�ng l�ke a
'w�per'. Touches made were counted for 15 s w�th the help
of a stopwatch, and the total number of touches was recor-
ded as the f�nal score and used �n the analys�s (20).

Upper extrem�ty Y-balance test: It �s a rel�able and val�d test
(21) used for mon�tor�s�ng the neuromuscular control ab�l�ty
of the upper extrem�ty. Start�ng pos�t�on for the test was as
such the �nd�v�dual's hands are �n a stable balance �n the
push-up pos�t�on (front pos�t�on) at the center po�nt of the
Y-balance platform, feet are shoulder-w�dth apart, legs and
h�ps are �n a f�xed pos�t�on parallel to the ground. The �nd�-
v�dual then ma�nta�ns a f�xed posture w�th the hand to be
tested, reaches w�th only the upper extrem�ty, w�thout sup-
port from the lower extrem�ty and h�p center, and moves
the hand �n the med�al (0°), �nferolateral (45°) (from the �n-
s�de under the other hand) and superolateral (45°) d�rect�-
ons. They were asked to push the blocks w�th the�r f�nger-
t�ps. The �nd�v�dual carr�ed out the test each t�me by br�n-
g�ng the hand back to a f�xed stance w�thout touch�ng the
ground. The test was repeated three t�mes and the average
of the three was recorded as the result of the test. Test nor-
mal�zat�on was ach�eved by proport�on�ng the average sco-
re and upper extrem�ty length (d�stance between the med�al
edge of the scapula and the t�p of the 3rd f�nger).

Total Score = (Med�al + Inferolateral + Superomed�al) /
(Extrem�ty length x 3) x 100 �s the formula used �n calculat�-
on (21).

Sample s�ze calculat�on

G*Power 3.1.9.7 program was used to calculate the smallest
sample s�ze requ�red for analys�s. S�nce the relat�onsh�p be-
tween var�ables was to be exam�ned, the correlat�on sect�on
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Table 4. Correlat�on coe��c�ents (r), and d��erence (p values) between upper extrem�ty performance tests and var�ables of trunk endurance
tests

UE Performance tests   Trunk endurance tests
  Extensor Flexor Lateral �exor-R Lateral �exor-L

ULRT-D r 0.382 0.244 0.446 0.460
p <0.001 0.004 <0.001 <0.001

ULRT ND r 0.329 0.243 0.453 0.476
p <0.001 0.004 <0.001 <0.001

UECKCST r 0.265 0.208 0.319 0.359
p 0.002 0.014 <0.001 <0.001

UEYBT D r 0.275 0.274 0.460 0.503
p 0.001 0.001 <0.001 <0.001

UEYBT ND r 0.232 0.361 0.432 0.455
*Spearman’s rank correlat�on coe��c�ent; UE: upper extrem�ty; ULRT: upper l�mb rotat�on test; UECKCST: upper extrem�ty closed k�net�c cha�n stab�l�ty test; UEYBT:
upper extrem�ty Y-balance test; D: dom�nant; ND: nondom�nant.

of the G*Power program was used. In Cohen’s study (22),
Pearson correlat�on coe��c�ent was def�ned as 0.10 (low),
0.30 (med�um) and 0.50 (h�gh). Cons�der�ng the power of
the test as 95%, the marg�n of error as 5%, and the e�ect
s�ze as 0.30 (med�um), the total sample s�ze was calculated
to have 138 �nd�v�duals.

Stat�st�cal Analys�s

The data obta�ned from th�s study were evaluated w�th the
SPSS (The Stat�st�cal Package for The Soc�al Sc�ences) v23
program. Mean, standard dev�at�on, med�an, m�n�mum and
max�mum values were taken for quant�tat�ve var�ables, and
frequency (n) and relat�ve frequency (%) were taken for qu-
al�tat�ve var�ables.

Shap�ro-W�lks (n<50) and Kolmogorov-Sm�rnov (n≥50) tests
were used to �nvest�gate whether the data revealed normal
d�str�but�on. Equal�ty of var�ances was �nvest�gated us�ng
Levene's test. Compar�sons of var�ables �n terms of gender
were �nvest�gated us�ng the �ndependent samples t-test �n
groups w�th normal d�str�but�on, and us�ng the Mann-Wh�t-
ney U test �n groups w�th non-normal d�str�but�on. For var�-
ables that d�d not show normal d�str�but�on, average rank
numbers were also g�ven as summary �nformat�on. The re-
lat�onsh�psbetween trunk endurance tests and upper extre-
m�ty rotat�on, closed k�net�c cha�n upper extrem�ty stab�l�ty
test and upper extrem�ty Y-balance tests were exam�ned
us�ng Spearman's rank number correlat�on coe��c�ent. Cor-
relat�on coe��c�ent ranges between 0.90-1.00 �nd�cate a
very h�gh correlat�on, between 0.70-0.89 �nd�cate a h�gh
correlat�on, between 0.40-0.69 �nd�cate a moderate correla-
t�on, and between 0.20-0.39 �nd�cate a low correlat�on. The
results were evaluated at the 0.05 s�gn�f�cance level (22).

RESULTS
A total of 139 �nd�v�duals were �ncluded �n the study. The
general character�st�cs of the �nd�v�duals are summar�zed
�n Table 1. 72.7% of the �nd�v�duals �n the study were female
and 27.3% were male. The dom�nant s�de of 95.7% of the �n-
d�v�duals �s r�ght s�de (Table 1).

The �nd�v�duals' age, we�ght, he�ght, and UE length �nfor-
mat�on are summar�zed �n Table 2. The ages of the �nd�v�du-
als ranged from 18 to 59.

Summary of the �nd�v�duals' trunk endurance tests, upper
extrem�ty rotat�on, closed k�net�c cha�n upper extrem�ty
stab�l�ty test and upper extrem�ty Y-balance tests are g�ven
�n Table 3.

Table 1. General character�st�cs
Var�ables Parameters Frequency(%)

Gender Female 
Male

101 (72.7) 
38 (27.3)

UE Dom�nant s�de R�ght 
Left

133 (95.7) 
6 (4.3)

UE: upper extrem�ty

Table 2. Part�c�pants' phys�cal data
Var�ables Mean±SD Med�an Range [m�n-max]

Age(year) 23.4±6.1 22.0 41 [18-59]
We�ght (kg) 63.3±13.8 60.0 59 [43-102]
He�ght (cm) 166.7±8.3 165.0 46 [145-191]
UE length (cm) 83.8±4.9 83.0 27 [70-97]
UE: upper extrem�ty

Table 3. Descr�pt�ve analys�s of the results for upper l�mb rotat�on,
upper extrem�ty closed k�net�c cha�n stab�l�ty, upper extrem�ty Y-
balance, and trunk endurance tests.

Performance Tests Mean±SD Med�an Range [m�n-max]
ULRT D (n) 8.12±2.91 8.00 15.0 [0.67-15.7]
ULRT ND (n) 7.80±2.86 8.00 16.3 [0.33-16.7]
UECKCST (n) 16.6±5.12 15.7 27.0 [5.33-32.3]
UEYBT D (cm) 69.9±11.5 68.9 77.3 [28.5-105.8]
UEYBT ND (cm) 71.2±11.6 71.1 70.4 [28.7-99.0]
Trunk muscle endurance (s)      
            Extensor 74.0±40.0 65.0 173.0 [7.00-180.0]
            Flexor 69.0±43.8 60.5 173.0 [7.00-180.0]
            Lateral �exor-r�ght 33.1±21.1 28.0 119.0 [3.00-122.0]
            Lateral �exor -left 31.8±19.8 28.0 117.0 [4.00-121.0]
ULRT: upper l�mb rotat�on test; UECKCST: upper extrem�ty closed k�net�c cha�n
stab�l�ty test; UEYBT: upper extrem�ty Y-balance test:, D: dom�nant, ND:
nondom�nant.

The relat�onsh�ps between trunk endurance tests and upper
extrem�ty rotat�on, closed k�net�c cha�n upper extrem�ty
stab�l�ty, and upper extrem�ty Y-balance tests were exam�-
ned and the results are summar�zed �n Table 4.
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There was a s�gn�f�cant l�near low-level relat�onsh�p betwe-
en upper extrem�ty rotat�on test scores, and extensor and
�exor endurance test scores (rs=0.382; rs=0.329; rs=0.244;
rs=0.243, respect�vely). There was a same-d�rect�onal mode-
rately s�gn�f�cant relat�onsh�p between upper extrem�ty ro-
tat�on test scores and �exor endurance, r�ght and le� late-
ral endurance scores (rs=0.446; rs=0.453; rs=0.460;
rs=0.476, respect�vely) (Table 4).

A d�rect s�gn�f�cantly low-level relat�onsh�p was found bet-
ween the upper extrem�ty closed k�net�c cha�n stab�l�ty test
score and the whole body endurance test scores (rs=0.265;
rs=0.208; rs=0.319; rs=0.359, respect�vely). There was a d�-
rect s�gn�f�cantly low-level relat�onsh�p found between up-
per extrem�ty Y-balance test scores and extensor and �exor
endurance test scores (rs=0.275; rs=0.232; rs=0.274;
rs=0.361, respect�vely). A same-d�rect�onal moderately s�g-
n�f�cant relat�onsh�p was found between the r�ght and le�
lateral endurance test scores (rs=0.460; rs=0.432; rs=0.503;
rs=0.455, respect�vely) (Table 4).

DISCUSSION
The results of th�s study, wh�ch was conducted to exam�ne
the relat�onsh�p between trunk muscle endurance and up-
per extrem�ty performance �n healthy adult �nd�v�duals, �n-
d�cated that as trunk muscle endurance �ncreased, upper
extrem�ty performance also �ncreased. Trunk muscles ensu-
re the best product�on and transfer of energy dur�ng sport-
�ng act�v�t�es. The trunk �s respons�ble for ma�nta�n�ng the
stab�l�ty of the sp�ne and pelv�c �oor muscles (23). We could
not f�nd any study �n the l�terature conducted on healthy
�nd�v�duals exam�n�ng the relat�onsh�p between trunk, pe-
r�scapular muscle strength and trunk endurance test sco-
res. In our study, �t was determ�ned that as trunk extensor,
�exor r�ght and le� lateral endurance test scores �ncreased,
upper extrem�ty rotat�on test scores also �ncreased.

The ma�n purpose of funct�onal performance tests �s to eva-
luate an athlete's performance w�th tests that �nclude the
bas�c movement patterns of the sports branch be�ng measu-
red and also appropr�ate to the nature of the sport. The up-
per l�mb rotat�on test was developed by Decleve et al. (19)
w�th cons�derat�on that other upper extrem�ty performance
tests d�d not �nclude the trunk rotat�on and extens�on requ-
�red to collect the potent�al energy at the beg�nn�ng of a th-
row�ng pattern. The evaluated extrem�ty ensures that the
trunk rema�ns balanced �n the hor�zontal plane w�th f�xed
per�scapular muscle contract�on on the ground, wh�le
trunk rotat�on and extens�on movements are performed on
the contralateral s�de.

In context, the fact that the upper extrem�ty rotat�on test
results �n our study revealed a pos�t�ve correlat�on w�th
trunk muscle endurance tests supports th�s. S�m�lary L�n et
al. (12) d�sclosed relat�onsh�p of upper extrem�ty perfor-
mance w�th trunk muscle endurance. In contrast to our
study they used bat veloc�ty as upper extrem�ty performan-
ce parameter. Although bat veloc�ty demonstrates the ma�n
aspect of the sport, �t only �nd�cates veloc�ty of the move-
ment. Even though funct�onal performance tests would not
be as spec�f�c as sports movements, �t shows w�der aspects
of sport such as strength, power, balance and ag�l�ty.

Upper extrem�ty closed k�net�c cha�n test�ng evaluates gle-
nohumeral jo�nt k�net�c cha�n stab�l�ty, muscle endurance
and coord�nat�on. Th�s test �nvolves b�lateral upper extre-
m�ty act�vat�on wh�le an athlete �s stable �n the plank pos�-
t�on. Movements �n the upper extrem�t�es occur through the
harmon�c product�on of force by local muscles such as the
glenohumeral and per�scapular muscles, and global trunk
muscles (24). The k�net�c cha�n enables opt�mal performan-
ce by ensur�ng the e�ect�ve transfer of force from the lower
extrem�ty and trunk muscles to the upper extrem�ty musc-
les (23). The trunk enables dynam�c act�v�t�es of the upper
extrem�t�es by prov�d�ng prox�mal stab�l�ty for d�stal mob�-
l�ty and act�ng as a k�net�c l�nk (25). In our study, �t was de-
term�ned that as trunk endurance test scores �ncreased, the
closed k�net�c cha�n upper extrem�ty stab�l�ty test scores
also �ncreased. Th�s supports the fact that trunk muscle en-
durance pos�t�vely a�ects upper extrem�ty performance. S�-
m�lar to our results, �n the l�terature a study conducted on
un�vers�ty students revealed that trunk endurance had po-
s�t�ve correlat�on w�th upper extrem�ty performance �n a
closed k�net�c cha�n (26).

Dur�ng the upper extrem�ty Y-balance test, both mob�l�ty
and stab�l�ty are challenged to the max�mum. Neuromuscu-
lar control of the upper extrem�ty �s requ�red to have adequ-
ate trunk stab�l�ty to ma�nta�n body al�gnment w�th�n the
narrow base of support. Thorac�c rotat�on and trunk stab�-
l�ty, as components of scapular mob�l�ty, are comb�ned to
prevent loss of balance. The trunk serves as a stable b�-
omechan�cal platform for the work of per�pheral muscles
(21). Increased act�vat�on of trunk �exors and extensors du-
r�ng act�v�t�es �n wh�ch the arm �s extended on the �oor are
reported (27,28). Th�s act�vat�on �s thought to result from
�ncreased muscle act�v�ty requ�red to support the body on
narrow support surface (28).

In th�s study, �t was determ�ned that as trunk extensor, �e-
xor r�ght and le� lateral �exor muscle endurance test scores
�ncreased, upper extrem�ty Y-balance test scores also �ncre-
ased. S�m�lar to our study, Bauer et al. (13) conducted a
study on adolescent athletes, and found pos�t�ve correlat�-
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on betweeen trunk muscle endurance and upper extrem�ty
Y-balance test. But they used Bourban tests to meeasure
trunk muscle endurance unl�ke to our study. Whereas Bour-
ban tests measure dynam�c muscle endurance, McG�ll tests
measure stat�c muscle endurance. S�nce both stud�es had
pos�t�ve correlat�on w�th upper extrem�ty Y-balance test, �t
can be �mpl�ed that e�ther dynam�c and stat�c muscle endu-
rance have pos�t�ve �mpact on neuromuscular control of up-
per extrem�ty. Moreover, superf�c�al EMG stud�es �n the l�te-
rature exam�n�ng the act�vat�on of trunk muscles dur�ng
upper extrem�ty movements �nd�cate that d�stal extrem�ty
movements �ncrease trunk muscle contract�on (21,27-29).
Th�s may expla�n the pos�t�ve correlat�on between trunk
muscle endurance and upper extrem�ty Y-balance test obta-
�ned �n the current study.

Strengths and L�m�tat�ons

Th�s study �s not w�thout l�m�tat�ons, the fact that the phy-
s�cal act�v�ty levels of the �nd�v�duals that part�c�pated �n
th�s study were not exam�ned and reported �n deta�l can be
stated among the l�m�tat�ons of the study. S�nce th�s study
was not conducted on athletes, �t prevents our results from
be�ng transferred to athletes. Future stud�es conducted w�th
larger sample s�zes, part�cularly �nclud�ng athletes from va-
r�ous upper extrem�ty-dom�nant sports, w�ll prov�de more
deta�led �nformat�on on the e�ects of trunk muscle endu-
rance, espec�ally on athlet�c performance.

However, the h�gh val�d�ty and rel�ab�l�ty of the evaluat�on
methods used �n the assessment of �nd�v�duals made the
study stronger. Also, another strength �s that the s�m�lar�ty
�n educat�on levels and the w�de age range of the �nd�v�du-
als that part�c�pated �n the study (18-59) makes �t eas�er to
general�ze the results to w�der populat�ons.

CONCLUSION
The study revealed s�gn�f�cant correlat�ons between trunk
muscle endurance, and trunk and per�scapular muscle st-
rength and neuromuscular control ab�l�ty of the upper ext-
rem�ty. Th�s �nd�cates a complex �nteract�on of factors �n
trunk and upper extrem�ty phys�cal performance. Accor-
d�ng to results of the study, h�gh upper extrem�ty rotat�on
test, upper extrem�ty closed k�net�c cha�n test and upper
extrem�ty Y-balance test performances were assoc�ated w�th
h�gh trunk extensor, �exor and lateral �exor muscle endu-
rance scores. These f�nd�ngs have drawn the attent�on of
cl�n�c�ans and coaches who want to �mprove �nd�v�duals'
upper extrem�ty performance to the �mportance of trunk
muscle endurance. The pos�t�ve l�near correlat�on between
upper extrem�ty performance and trunk muscle endurance
suggests that assess�ng trunk muscle endurance and �ncor-
porat�ng exerc�ses target�ng trunk muscle development �nto

the tra�n�ng and rehab�l�tat�on programs could be benef�c�-
al �n enhanc�ng upper extrem�ty muscular performance.

Eth�cs Comm�ttee Approval / Et�k Kom�te Onayı
The approval for th�s study was obta�ned from Ankara Yıldırım Beyazıt
Un�vers�ty Health Sc�ences Eth�cs Comm�ttee (Dec�s�on no: 06-273, Date:
14.06.2023).

Con��ct of Interest / Çıkar Çatışması

The authors declared no con��cts of �nterest w�th respect to authorsh�p
and/or publ�cat�on of the art�cle.

F�nanc�al D�sclosure / F�nansal Destek
The authors rece�ved no f�nanc�al support for the research and/or publ�-
cat�on of th�s art�cle.

Author Contr�but�ons / Yazar Katkıları
Concept – BB; Des�gn – BB; Superv�s�on – BA, ŞTÇ; Mater�als: AA; Data
Collect on and/or Process�ng – BB; Analys�s and İnterpretat�on –AEY ; L�-
terature Rev�ew – BB, BA; Wr�t�ng manuscr�pt – BB, BA, SS; Cr�t�cal Rev�-
ews – BA, ŞTÇ, AA, BB. All authors contr�buted to the f�nal vers�on of the
manuscr�pt and d�scussed the results and contr�buted to the f�nal
manuscr�pt.

REFERENCES
Seroyer ST, Nho SJ, Bach BR, Bush-Joseph CA, N�cholson GP, Romeo AA. The k�net�c cha�n �n
overhand p�tch�ng: �ts potent�al role for performance enhancement and �njury prevent�on.
Sports Health. 2010;2(2):135-46.
Wagner H, T�lp M, von Duv�llard SP, Mueller E. K�nemat�c analys�s of volleyball sp�ke jump. Int J
Sports Med. 2009;30(10):760-5.
Augustus S, Hudson PE, Harvey N, Sm�th N. Whole-body energy transfer strateg�es dur�ng foot-
ball �nstep k�ck�ng: �mpl�cat�ons for tra�n�ng pract�ces. Sports B�omech. 2024;23(11):1917-
35.
Sc�asc�a A, Cromwell R. K�net�c cha�n rehab�l�tat�on: a theoret�cal framework. Rehab�l Res
Pract. 2012;2012:853037.
Pogett� LS, Nakagawa TH, Conteçote GP, Camargo PR. Core stab�l�ty, shoulder peak torque and
�nct�on �n throw�ng athletes w�th and w�thout shoulder pa�n. Phys Ther Sport.
2018;34:36-42.
K�bler WB, Press J, Sc�asc�a A. The role of core stab�l�ty �n athlet�c �nct�on. Sports Med.
2006; 36(3):189-98.
Putnam CA. Sequent�al mot�ons of body segments �n str�k�ng and throw�ng sk�lls: descr�pt�ons
and explanat�ons. J B�omech. 1993;26(Suppl 1):125-35.
Ellenbecker TS, Aok� R. Step by step gu�de to understand�ng the k�net�c cha�n concept �n the
overhead athlete. Curr Rev Musculoskelet Med. 2020;13(2):155-63.
De Bla�ser C, Roosen P, W�llems T, Danneels L, Vanden Bossche L, De R�dder R. Is core stab�l�ty
a r�sk factor for lower extrem�ty �njur�es �n an athlet�c populat�on? A systemat�c rev�ew. Phys
Ther Sport. 2018;30:48-56.
De Bla�ser C, De R�dder R, W�llems T, Vanden Bossche L, Danneels L, Roosen P. Impa�red core
stab�l�ty as a r�sk factor for the development of lower extrem�ty overuse ınjur�es: a prospect�ve
cohort study. Am J Sports Med. 2019;47(7):1713-21.
Pont�llo M, S�lf�es S, Butow�cz CM, Th�gpen C, Sennett B, Ebaugh D. Compar�san of core stab�-
l�ty and balance �n athletes w�th and w�thout shoulder �njur�es. Int J Sports Phys Ther.
2018;13(6): 1015-23.
L�n KH, Huang YM, Tang WT, Chang YJ, L�u YC, L�u C. Correlat�on of stat�c and dynam�c trunk
muscle endurance and bat sw�ng veloc�ty �n h�gh school aged baseball players. Isok�net
Exerc Sc�. 2013;21(2):113-9.
Bauer J, Gruber M, Muehlbauer T. Correlat�ons between core muscle strength endurance and
upper extrem�ty performance �n adolescent male sub-el�te handball players. Front Sports
Act L�v�ng. 2022;4:1050279.
Da S�lva Barros BR, S�lva Cavalcant� IB, S�lva Jún�or ND, de Ol�ve�ra Sousa C. Correlat�on betwe-
en upper l�mb �nct�on and cl�n�cal measures of shoulder and trunk mob�l�ty and strength �n
overhead athletes w�th shoulder pa�n. Phys Ther Sport. 2022;55:12-20.
Mulder ML, Van den Steen E, De Neve J, We�r A. Core muscle strength can be rel�ably measured
us�ng a novel �sok�net�c dev�ce: an �ntra-observer study. J Back Musculoskelet Reha-
b�l. 2022; 35(5):993-1001.
Roth R, Donath L, Kurz E, Zahner L, Faude O. Absolute and relat�ve rel�ab�l�ty of �sok�net�c and
�sometr�c trunk strength test�ng us�ng the IsoMed-2000 dynamometer. Phys Ther Sport.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.



Turk J Sports Med Trunk muscles and upper extrem�ty performance

7

2017;24: 26-31.
Butow�cz CM, Ebaugh DD, Noehren B, S�lf�es SP. Val�dat�on of two cl�n�cal measures of core sta-
b�l�ty. Int J Sports Phys Ther. 2016;11(1):15-23.
Re�man MP, Kr�er AD, Nelson JA, Rogers MA, Stuke ZO, Sm�th BS. Compar�son of d��erent trunk
endurance test�ng methods �n college-aged �nd�v�duals. Int J Sports Phys Ther.
2012;7(5):533-9.
Decleve P, Attar T, Benameur T, Gaspar V, Van Cant J, Cools AM. The ‘upper l�mb rotat�on test’:
rel�ab�l�ty and val�d�ty study of a new upper extrem�ty phys�cal performance test. Phys Ther
Sport. 2020;42:118-23.
Borms D, Maenhout A, Cools AM. Upper quadrant f�eld tests and ısok�net�c upper l�mb strength
�n overhead athletes. J Athl Tra�n. 2016;51(10):789-96.
Gorman PP, Butler RJ, Pl�sky PJ, K�esel KB. Upper Quarter Y Balance Test: rel�ab�l�ty and perfor-
mance compar�son between genders �n act�ve adults. J Strength Cond Res.
2012;26(11):3043-8.
Cohen J. Stat�st�cal Power Analys�s for the Behav�oral Sc�ences. 2nd ed. New
York, NY: Routledge Academ�c; 1988.
Weston M, H�bbs AE, Thompson KG, Spears IR. Isolated core tra�n�ng �mproves spr�nt perfor-
mance �n nat�onal-level jun�or sw�mmers. Int J Sports Phys�ol Perform.

2015;10(2):204-10.
Lust KR, Sandrey MA, Bulger SM, W�lder N. The e�ects of 6-week tra�n�ng programs on thro-
w�ng accuracy, propr�ocept�on, and core endurance �n baseball. J Sport Rehab�l.
2009;18(3):407-26.
Sc�asc�a A, Th�gpen C, Namdar� S, Baldw�n K. K�net�c cha�n abnormal�t�es �n the athlet�c shoul-
der. Sports Med Arthrosc Rev. 2012;20(1):16-21.
Savk�n R, Alsayan� KYA, Büker N. The relat�onsh�p between core endurance and upper extre-
m�ty performance �n sedentary colleg�ate males. Ann Phys Rehab�l Med.
2018;61Suppl:e170.
McG�ll S, Andersen J, Cannon J. Muscle act�v�ty and sp�ne load dur�ng anter�or cha�n whole body
l�nkage exerc�ses: the body saw, hang�ng leg ra�se and walkout from a push-up. J Sports Sc�.
2015;33(4):419-26.
Kavc�c N, Gren�er S, McG�ll SM. Quant���ng t�ssue loads and sp�ne stab�l�ty wh�le perform�ng
commonly prescr�bed low back stab�l�zat�on exerc�ses. Sp�ne (Ph�la Pa 1976).
2004;29(20):2319-29.
Brum�tt J, Dale RB. Integrat�ng shoulder and core exerc�ses when rehab�l�tat�ng athletes perfor-
m�ng overhead act�v�t�es. N Am J Sports Phys Ther. 2009;4(3):132-8.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.


