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Research Paper
The Relationship Between Upper Extremity Functional 
Tests Scores With Strength, Proprioception, and 
Posture in Male Volleyball Players

Purpose: This study investigates the relationship between the scores of upper extremity 
functional tests with isokinetic strength, range of motion, shoulder proprioception, and posture 
of male volleyball players.

Methods: A total of 30 male university volleyball players aged 18 to 24 years were selected by 
the convenience sampling method. The concentric strength of the internal and external rotators, 
abductors, flexors, adductors, and extensors of the shoulder was measured at speeds of 180 and 300 
degrees per s using an isokinetic dynamometer. Shoulder proprioception was also assessed at 45 and 
90 degrees using an isokinetic device. Also, the range of motion of flexion, extension, abduction, and 
internal and external rotation at 90 degrees of abduction was measured using a universal goniometer. 
The forward head and shoulder angles were also assessed by photography and using the AutoCAD 
software. Finally, upper extremity function was assessed using a Y-balance device. 

Results: The Pearson correlation coefficient was used to assess the relationship between variables at a 
significance level of P<0.05 using the SPSS software, version 20. The results of the Pearson correlation 
test showed a positive and significant relationship between the isometric strength variables at torques 
of 180 and 300 (degrees/s) for flexion and extension, abduction and adduction, internal and external 
rotation (P>0.05), and between the proprioception variables at 45 and 90 degrees of shoulder abduction 
(P>0.05), and between the range of motion variables for shoulder flexion, shoulder extension, shoulder 
abduction, shoulder internal rotation, and shoulder external rotation (P>0.05) with the upper extremity 
functional test. Also, a negative and significant relationship was observed between the forward head 
angle (P>0.05) and shoulder forward angle (P>0.05) with the upper extremity functional test. 

Conclusion: Based on the findings of the present study, there is a significant relationship between the 
scores of upper extremity functional tests with isokinetic strength, proprioception, and range of motion 
of the shoulder joint, as well as the posture of volleyball athletes. Coaches and specialists can focus 
on improving these variables to improve shoulder function and prevent injury in volleyball athletes.
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Introduction

olleyball is considered one of the most pop-
ular sports disciplines today with approxi-
mately 200 million players worldwide, ac-
cording to statistics provided by the World 
Volleyball Federation (FIVB) [1]. Although 
volleyball is considered a low-risk sport, 

athletes who participate in this sport are still at risk of vari-
ous injuries [1]. 

Many of the skills performed in this sport, such as spik-
ing, serving, and blocking, require continuous contact 
of the athlete’s upper limbs with the ball in an overhead 
position. Of these skills, spiking and serving are perhaps 
the most important skills in volleyball [2]. Repetitive 
strikes induce compounded pressure on the shoulder 
girdle of the athlete. The shoulder function of volleyball 
players depends on the accurate, coordinated, and cor-
rect functioning of the rotator cuff muscles and shoulder 
stabilizers. Regrettably, during repetitive movements in 
volleyball, musculoskeletal structures may be subjected 
to excessive loads, leading to acute shoulder injuries 
or injuries arising from overuse [2]. In the absence of 
proper treatment and rehabilitation for shoulder injuries 
resulting from overuse, it is plausible that these injuries 
may progress over time, leading to functional impair-
ment in the shoulders of volleyball athletes. The inci-
dence of shoulder injuries in volleyball athletes is higher 
compared to many other sports disciplines. Chandran et 
al. (2021) reported that the prevalence of shoulder inju-
ries in volleyball players was higher compared to other 
sports, and stated that shoulder pain was the most com-
mon complaint of volleyball players [3]. 

Spiking or serving in volleyball, at the moment of hit-
ting the ball with the hand, requires control, power, and 
flexibility, and in other words, maintaining stability dur-
ing high mobility in the shoulder area [4]. In a manner 
such that, due to the external forces exerted by the ball 
onto the body, this mobility and stability must be facili-
tated within the kinetic chain [4].

Studies have also concluded that proprioception, flex-
ibility, and range of motion are the most important risk 
factors for shoulder injuries. These factors are especially 
important in overhead athletes, as they have significantly 
looser joint capsules and excessive range of motion [5]. 
In this regard, Zarei et al. (2021) investigated the effect 
of injury prevention exercises on proprioception and dy-
namic stability of the shoulder joint of volleyball athletes 
and concluded that these exercises can improve the pro-
prioception of the athletes’ shoulder [4].

Studies have shown that any change in the alignment of 
the spine, such as kyphosis, lordosis, scoliosis, and head 
forward posture, can lead to poor posture and imbalance. 
If these factors are identified through functional tests 
before participating in competitions, sports medicine 
specialists can intervene by designing and implementing 
targeted prevention strategies to reduce the risk of injury.

Functional tests are now used in pre-season athlete as-
sessments to identify performance deficiencies with the 
goal of injury prevention. Among the few tests designed 
to assess upper extremity function, the upper quarter Y-
balance test is one of the most appropriate tests that as-
sess the individual’s upper extremity function in a closed 
kinetic chain [8].

V
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• There is a significant relationship between the scores of upper extremity functional tests with isokinetic strength, 
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and range of motion of the shoulder joint, as well as the posture of volleyball athletes. Coaches and specialists can focus 
on improving these variables to improve shoulder function and prevent injury in volleyball athletes.
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The use of screening and pre-season athlete assessment 
methods reduces the likelihood of recurrent injuries. 
The use of an effective upper extremity functional as-
sessment method can be useful in planning preventive 
or rehabilitation exercises for these injuries. However, 
there is currently limited evidence on upper extremity 
functional assessment methods [9].

Given the importance of strength, proprioception, pos-
ture, and flexibility in volleyball athletes, the review of 
most studies on the effects of various exercises on these 
variables and the upper extremity function of athletes, 
and the lack of studies that have examined the relation-
ship between the scores of upper extremity functional 
tests with the variables of strength, range of motion, 
shoulder proprioception, and posture of male volleyball 
players, therefore, the present study investigates whether 
there is a relationship between the scores of upper ex-
tremity functional tests with isometric strength, range 
of motion, shoulder proprioception, and posture of male 
volleyball players.

Materials and Methods

The present study, methodologically, is characterized 
as a correlational investigation. The statistical popula-
tion of the present study was male university volleyball 
players, of whom 50 participants were selected using the 
G*Power software, version 3.1.9.7 on a convenience ba-
sis according to the inclusion and exclusion criteria of 
the research. The inclusion criteria for the study com-
prised male volleyball players between the ages of 18 
and 24 who had participated in volleyball for an average 
of three sessions per week for at least 1.5 h per session 
in the past year [10], and had a normal body mass index 
(18-25) [10]. The exclusion criteria for the study were 
having any history of fracture or surgery to the shoulder 
joint [4], having a history of neurological and musculo-
skeletal diseases that limit movement [11], having any 
pain in the upper extremity before or during the tests, 
and having a history of shoulder dislocation or sublux-
ation [4]. 

The necessary explanations were given about the stag-
es of the research, and the consent form for voluntary 
and informed participation in the research was signed by 
the research participants. To measure the necessary, the 
research participants were asked to attend the test site 
according to the specified schedule. After the attendance 
of the participants, the measurements related to the re-
search variables were taken.

To assess power and proprioception, an isokinetic device 
was used. After 5 min of warm-up with the dynamometer, 
the concentric strength of internal and external rotators 
and muscles of abductors, flexors, adductors, and exten-
sors was measured at speeds of 180 and 300 degrees. The 
power assessment was performed only on the dominant 
shoulder of the participants. When performing the test, the 
participant sat on the seat of the device and the attachment 
was installed according to the device instructions and ad-
justed to the length of each participant’s arm so that the 
glenohumeral joint was in neutral rotational position. The 
device settings included the following items: 5 degrees 
of rotation of the dynamometer, 45 degrees of tilt of the 
dynamometer, 35 degrees of rotation of the seat of the 
device, and 85 degrees of the backrest of the seat to be 
in this position. The participants were seated on the seat 
of the device. The hips and torso of the participants were 
fixed by a strap (belt) to prevent the substitution of large 
muscles. The shoulder was in abduction of 90 degrees, the 
elbow in flexion of 90 degrees, and the range of motion 
of the device was between 90 degrees of external rotation 
and 60 degrees of internal rotation [12]. During the test, 
the participants were verbally encouraged and the rest time 
between each test was 60 s [13].

To assess the proprioception of the shoulder, an isokinet-
ic device was also used. For this purpose, the device was 
first introduced to the participants and the test method was 
taught. To perform the angle reconstruction test, the par-
ticipants were seated on the isokinetic dynamometer with 
their eyes closed. The straps were tied to the participant’s 
chest to prevent excessive trunk movements. The speed of 
the dynamometer was set at 5 degrees/s and the dominant 
shoulder was placed in the scapular plane. The horizon-
tal position of the dynamometer’s lever arm was defined 
as the angle and the range of motion relative to it was 90 
degrees. The angles that the participant had to reconstruct 
included 45 and 90 degrees, which were reconstructed in 
the direction of the internal rotation range. The starting 
position for the 90-degree angle was 45 degrees, and for 
the reconstruction of the 45-degree angle, 90 degrees. The 
participant’s shoulder was actively brought to each of the 
3 target angles and held for 10 s. The participant was asked 
to focus on this angle, then the arm was actively returned 
to the starting position and the participant rested for 5 s. 
This action was repeated twice and for the third time, the 
individual was asked to actively rotate the arm until the 
target angle was reached. When the participants felt that 
they had reached the target angle, they stopped the lever 
arm. This action was repeated three times and the absolute 
difference between the recorded angle and the target angle 
was recorded as the error (absolute angular error) and the 
mean of them was used for statistical analysis [14].
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To assess the upper extremity function, the upper quar-
ter Y-balance test was used and white paper labels simi-
lar to the Y-balance device were glued to the ground. 
Gorman et al. (2012) reported the validity of the upper 
quarter Y-balance test upper extremity function test in 
intra-rater correlation coefficient (ICC=0.99-0.80) and 
inter-rater correlation coefficient (ICC=0.90) [15].

These three labels were connected in such a way that 
they had an angle of 120 degrees relative to each other and 
were located in three directions, internal, lower external, 
and upper external. Each label was marked in cm so that 
when the test was performed, the examiner immediately re-
corded the amount of reach by the participant’s hand touch-
ing the label. As such, the participants should first place 
their non-dominant hand in the center of the connection of 
the three labels and assume a push-up position, then move 
their dominant hand to the maximum reach distance in the 
internal direction, immediately in the lower external direc-
tion, and then in the upper external direction, and finally re-
turned to the initial test position [5]. The reach distance was 
divided by the length of the upper extremity in centimeters 
and multiplied by 100 to be calculated as a percentage of 
the length of the upper extremity (Figure 1).

To measure the angles of the forward head and shoulder 
forward, the first three anatomical landmarks were iden-
tified, including the earlobe, the right acromion promi-
nence, and the spinous process of the seventh vertebra 
(Figure 2). Using a landmark, these landmarks were 
marked. Then, the participant was instructed to stand at 
the designated location next to the wall at a distance of 
23 cm in such a way that the left arm was toward the 
wall. Then, a photographic tripod with a digital camera 
mounted on it was placed at a distance of 2.65 m from 
the wall, and its height was adjusted at the level of the 
participant’s right shoulder. The participants were asked 
to bend forward three times in the same position and also 
raise their hands above their heads three times, and then 
stand comfortably and naturally and look at an imaginary 
point on the opposite wall (eyes in line with the horizon). 
The examiner took a photo of the body in profile after 5 
s of stopping. Finally, the desired photo was transferred 
to the computer, and using AutoCAD software, the angle 
of the line connecting the tragus and the seventh cervi-
cal vertebra with the vertical line (forward head angle) 
and the angle of the line connecting the same vertebra 
and the acromion process with the vertical line (forward 
shoulder angle) was measured [16].

Figure 1. Upper quarter Y-balance test 

Figure 2. Measuring the forward head angle (right side) and shoulder angle (left side)
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The range of motion of flexion, extension, abduction, 
and internal and external rotation at 90 degrees of ab-
duction was measured using a Robinson 3 goniometer 
from Australia. To do this, the subject lay on the bed in a 
supine position with their legs bent at the knee and their 
feet flat on the ground. To measure the range of motion 
using a goniometer, the universal axis of motion was 
marked on the prominence of the humerus head, and 
the axis of the goniometer was placed on it. The fixed 
arm was placed parallel to the participant’s body, and the 
movable arm was placed in the middle of the midline of 
the arm at the end of the movement, and the number read 
was recorded [17].

To measure the range of motion of shoulder extension, 
the participant lay prone on the bed with their palm fac-
ing the body and rotated their head to the opposite side. 
The center of the goniometer was placed on the humerus 
head, on the outside of the shoulder, and the fixed arm 
of the goniometer was parallel to the body surface. The 
movable arm was placed when the participant raised 
their arm and the midline of the arm was in line with 
the midline of the movable arm of the goniometer. The 
range of motion was recorded [17].

To measure the range of motion of shoulder abduc-
tion, the participant lay supine with the evaluator stand-
ing above the participant’s head. The participant’s palm 
faced up, and care was taken to ensure that the hand did 
not move up or down during the movement. The acro-
mion was marked as the center of the goniometer, and 
the fixed arm was parallel to the sternum. The movable 
arm was placed between the participant’s arm, and the 
number was read [17].

To measure the range of motion of shoulder internal 
rotation, the participant lay supine with the arm abducted 
90 degrees and the elbow flexed 90 degrees. A roll was 
also placed under the arm to separate it and allow for 
easy movement. The center of the goniometer was fixed 
on the olecranon, the fixed arm was perpendicular to the 
ground, and the movable arm was aligned with the mid-
line of the forearm. The participant was asked to bring 
the hand down, and the number was recorded [17].

To measure the range of motion of shoulder external 
rotation, the participant lay supine with the arm abducted 
90 degrees and the elbow flexed 90 degrees. A roll was 
also placed under the arm to facilitate movement. The 
center of the goniometer was placed on the olecranon, 
the fixed arm was perpendicular to the ground, and the 
movable arm was aligned with the midline of the fore-
arm. The participant was asked to move the hand back-
ward, and the number was recorded [17].

To assess the normality of the data, the Shapiro-Wilk 
statistical test was used. Given the normality of the data, 
the Pearson correlation coefficient test was used to as-
sess the correlation between the variables. All statistical 
analyses were performed at the significance level of 0.05 
and using SPSS software, version 20.

Results

The demographic characteristics of the participants are 
provided in Table 1. There was no significant difference 
in the variables of age, height, weight, and body mass 
index between the groups. 

Based on the normality of the data, the Pearson correla-
tion coefficient was used to assess the correlation between 
functional tests with isokinetic strength, proprioception, 
shoulder range of motion, and posture of volleyball play-
ers. Descriptive statistical results are reported in Table 2.

The Pearson correlation coefficient test results showed 
a significant correlation between the strength of the up-
per limb muscles in all directions and speeds with the 
upper limb functional test (P<0.05). Accordingly, with 
increasing muscle strength, performance also increased. 
The results also showed a significant correlation between 
shoulder proprioception at angles of 45 and 90 degrees 
and between the range of motion of the shoulder joint in 
all directions, with upper limb function (P<0.05).

A significant negative correlation was also observed be-
tween the results of the forward head and rounded shoulder 
tests and the results of the upper limb functional test (P<0.05). 
Accordingly, as the forward head and rounded shoulder an-
gles increased, upper limb function decreased and vice versa.

Table 1. Baseline demographic data

Mean±SD

Age (y)Weight (kg)Height (cm)Body Mass Index (kg/m2)

23.14±4.677.7±15.72186±6.2322.98±1.66
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Discussion

The current research investigated the relationship between 
scores of upper extremity functional tests with isokinetic 
strength, range of motion, proprioception, and posture in 
male volleyball players. The results revealed a significant 
and positive correlation between strength variables in all 
movements, proprioception at 45 and 90-degree angles, 
range of motion, and upper extremity performance. Ad-
ditionally, a significant negative correlation was observed 
between the variables of forward head angle, forward 
shoulder angle, and upper extremity performance. These 
findings are in line with the studies conducted by Oliver et 
al. (2018) [18], Bauer et al. (2020) [9], and Walaszek et al. 
(2018) [19], while contradicting the results of Borms et al. 

(2016) [20]. However, limited research has been conducted 
on the subject following the findings of the present study.

The upper limb functional test is performed in a closed 
kinetic chain, while the isokinetic device measures the 
strength of the subjects in an open kinetic chain. This 
issue was one of the reasons that Borms et al. mentioned 
for the lack of a significant relationship between strength 
and performance in overhead athletes [20].

Past studies have reported that performing the upper 
quarter Y-balance test upper limb functional test requires 
strength, flexibility, neuromuscular control, core stability, 
balance, and proprioception, and is, therefore, a suitable test 
for preseason assessments and medical assessments [21].

Table 2. Mean±SD of research variables and results of correlation test between research variables and upper limb function test

Variables Mean±SD R R2 P*

Isokinetic strength

Flexion 180 31.91±5.72 0.65 0.04 0.03

Flexion 300 29.27±6.15 0.81 0.67 0.02

Extension 180 27.65±7.92 0.72 0.74 0.00

Extension 300 31.88±9.45 0.67 0.96 0.00

Abduction 180 27.61±9.14 0.59 0.17 0.00

Abduction 300 29.02±8.74 0.66 0.36 0.00

Adduction 180 26.62±9.34 0.49 0.45 0.01

Adduction 300 26.02±5.47 0.75 0.61 0.03

Internal rotation 180 23.63±8.99 0.40 0.71 0.00

Internal rotation 300 20.45±5.84 0.63 0.66 0.02

External rotation 180 25.8±35.26 0.37 0.74 0.00

External rotation 300 26.47±9.20 0.88 0.06 0.00

Shoulder proprioception
45-degree 5.10±3.12 0.71 0.88 0.00

90-degree 8.78±3.62 0.50 0.46 0.01

Range of motion

Flexion 166.85±7.64 0.76 0.05 0.02

Extension 63.65±8.47 0.65 0.70 0.00

Abduction 175.96±3.65 0.87 0.03 0.00

Internal rotation 68.46±5.65 0.40 0.41 0.00

External rotation 59.51±5.69 0.65 0.54 0.00

Posture
Forward head 38.45±3.60 -0.36 0.16 0.00

Rounded shoulder 45.65±10.87 -0.64 0.69 0.00

*P<0.05.
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The results showed a significant negative correlation 
between upper limb function and the degree of forward 
head and forward shoulder (P=0.001). There are dif-
ferent muscles with different functions in the shoulder 
girdle area, which are divided into two groups movers 
and stabilizers. The movers’ group in this area includes 
the pectoralis major, upper trapezius, levator scapulae, 
and anterior deltoid muscles. The stabilizers group of 
this area also includes the rhomboids, anterior serratus, 
posterior deltoid, supraspinatus, and infraspinatus mus-
cles. In athletes who have hand movements above and in 
front of the body, such as volleyball players, the movers’ 
group of muscles is prone to shortening and the stabiliz-
ers group of muscles is prone to weakness and stretching 
[22]. The reason for this can be attributed to the repeated 
concentric contractions of the internal rotator muscles 
and eccentric contractions of the posterior shoulder 
muscles to prevent the increase in arm acceleration [23]
during repetitive overhead hand movements in volley-
ball players in front of the body for a long time, which 
is a factor for shortening of the anterior muscles and 
stretching in the muscles of the posterior shoulder area 
and provides the basis for movement of the shoulders 
forward and bringing them closer together. This short-
ening in the muscles of the anterior shoulder area can 
also be a factor in reducing the range of motion of the 
external rotation of the shoulder. The results of various 
studies on the effects of different training programs that 
included strengthening the posterior shoulder muscles 
and stretching the anterior shoulder muscles can confirm 
this issue [24]. Performing natural joint movements re-
quires a high degree of coordination between the two op-
posing muscle groups that control the joint movements. 
Coordination between the two opposing muscle groups 
in any pair of antagonist muscles depends on the func-
tional balance between these muscle groups in terms of 
strength. If one muscle group is trained more than the 
other group (such as when performing a strength train-
ing program in which the external rotator muscles of the 
shoulder joint are forgotten and not trained compared to 
the internal rotator muscles, or when they are exposed to 
a much greater relative pressure than other muscles dur-
ing exercise (such as repeated hand strikes in volleyball 
players), in this case, an imbalance of power between the 
two muscle groups may occur [25], which has been not-
ed by various researchers in connection with sports [26]. 

A significant relationship was also found between the 
range of motion of the shoulder joint in all directions and 
upper limb function. Pour Rahim et al. (2021) in their study 
investigated the relationship between the range of motion 
of joints and the performance of 50-, 100-, and 200-m 
breaststroke swimmers. Their results showed that there is 

a significant relationship between the range of motion of 
joints and the time of 50-, 100-, and 200-m breaststroke 
swimming [27]. The results of the study showed a positive 
and significant relationship between the strength of the up-
per limb muscles in all movements and upper limb func-
tion (P<0.05). The results of the study also showed a posi-
tive and significant relationship between the shoulder joint 
proprioception at two angles of 45 degrees and 90 degrees 
and upper limb function (P<0.05). Since part of volleyball 
players’ training includes strength training exercises for 
the upper limb muscles, including power and plyometric 
movements, these exercises probably increase the strength 
of the muscles around the shoulder joint through neural ad-
aptations, which increase the strength of the agonist muscle 
and reduce the activity of the antagonist muscle, which is 
the first mechanism for increasing strength at the begin-
ning of training. This leads to subsequent improvement 
in performance. The strength of the muscles surrounding 
the joint and their simultaneous contraction to stabilize the 
joints of the upper limb, along with the activity of the deep 
receptors and neuromuscular control to maintain balance 
when reaching in three specific directions and achieving 
the greatest distance, is of particular importance.

Since many researchers have mentioned the upper limb 
functional test as a suitable test for assessing upper limb 
balance [5, 17, 20], factors that increase upper limb bal-
ance can improve the scores of this test and increase up-
per limb function as well. The theory that underlies the 
work of researchers in the study of movement and bal-
ance is the systems theory. According to the systems the-
ory, the ability to maintain posture in space is due to the 
interactive, simultaneous, and complex effect of three 
neuromuscular and skeletal systems, which is called the 
posture control system [28]. Posture control requires the 
integration of four sensory inputs to determine the posi-
tion of the body in space, as well as the ability of the 
musculoskeletal system to apply the appropriate force. 
According to this theory, the musculoskeletal factors that 
affect balance regulation include muscle properties and 
characteristics, joint range of motion, proprioception, 
and the biomechanical relationship of different parts of 
the body [28]. Previous studies have also shown a co-
ordinated relationship between strength and propriocep-
tion with balance and performance. Therefore, with in-
creasing strength and proprioception, the performance of 
the subjects can also increase. For this reason, one of the 
possible reasons for the significant positive correlation 
between strength and proprioception with upper limb 
function can be found in the same subject that volleyball 
players in the present study have strength and balance 
exercises in their weekly and monthly training program. 
As a result, their performance has probably increased.
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Concerning the relationship between upper limb func-
tion and shoulder joint proprioception, studies have 
reported that increasing muscle strength facilitates and 
synchronizes fast-twitch and large motor units [29], 
stimulates muscle spindles, reduces the inhibitory effect 
of Golgi tendon organs, and also increases coordination 
of muscles involved in simultaneous activities.

With the stimulation of muscle spindles, muscle con-
traction causes an increase in the activity of gamma mo-
tor neurons present in the spindles, and this increase in 
sensitivity in the spindles improves joint position sense, 
which has a great effect on joint control [30].

Conclusion

Based on the findings of the present study, there is a 
significant positive correlation between upper limb func-
tion and isokinetic muscle strength, range of motion, and 
shoulder joint proprioception, and a significant negative 
correlation between forward head posture and forward 
shoulder posture in volleyball athletes. Therefore, it is 
suggested that coaches and specialists design the neces-
sary exercises to improve shoulder joint strength, range 
of motion, and proprioception, and consequently correct 
forward head posture and forward shoulder posture in 
volleyball athletes.

Study limitations

One of the limitations of the present study is the issue 
of the effect of fatigue caused by the daily training of 
the subjects, as well as the lack of control of the psycho-
logical, nutritional, and sleep issues of the subjects in the 
measurement process of the variables.
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