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Research Paper
The Impact of OKC Exercises and TRX Exercises 
on Shoulder Joint Proprioception in Overhead Athletes 
With Shoulder Impingement Syndrome: A Randomized 
Controlled Trial

Purpose: Sub-acromial impingement syndrome (SAIS) is one of the most common causes 
of shoulder pain and affects shoulder joint proprioception. The closed kinetic chain (CKC) 
exercises with sling are more effective and safer than open kinetic chain (OKC) exercises. 
This study aimed to compare the effectiveness of OKC and total-body resistance exercises 
(TRX) sling training on shoulder joint position sense (JPS) in overhead athletes with 
shoulder impingement syndrome (SIS).

Methods: This article was a randomized control trial (RCT) study conducted in Kerman 
City, Iran, in 2019. The research sample included 33 overhead athletes with SIS who were 
randomly classified into three groups: OKC, sling, and control groups. Joint position sense 
(JPS) was evaluated in external rotation (ER), internal rotation (IR), and abduction of the 
dominant arm in the target angle concerning the shoulder range of motion with the Leighton 
flexometer. The obtained data were analyzed using the analysis of covariance (ANCOVA).

Results: The post-intervention results showed that a significant difference was observed 
between groups (ER, P<0.001; IR, P<0.001; abduction P<0.001). The change in the sling 
exercises group was significantly higher in ER, and IR, except abduction JPS than in 
OKC (P=0.001, P=0.001, P=0.235, respectively) and control groups (P<0.001, P<0.001, 
P<0.001, respectively). Change in the OKC group was significantly higher in ER, IR, and 
abduction JPS (P=0.001, P=0.019, P<0.001, respectively) than in the control group. The 
OKC and sling exercise improved the shoulder JPS of overhead athletes with SIS.

Conclusion: The study results showed that the sling exercises were more effective than the 
OKC exercise for the shoulder JPS because these exercises were CKC and performed on 
an unstable level.
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1. Introduction

he shoulder joint is continuously under dif-
ferent pressures and stresses, and one of 
the most common causes of chronic pain 
in the shoulder is lesions caused by hyper-
activity [1, 2]. In this regard, Shoulder Im-
pingement Syndrome (SIS) is one of the 

most common problems in overhead motions, sporting 
activities, daily life, and many jobs. SIS is the most com-
mon chronic shoulder complication in athletes younger 
than 35 with overhead motions [3, 4]. People with SIS 
have shown pain and reduced shoulder function. These 
signs are exacerbated by shoulder elevation [5]. People 
with SIS may show a proprioception defect, which af-
fects muscle behaviors and shoulder motion kinematic 
patterns [6-9]. Neuromuscular control of the shoulder 
joint is essential for maintaining shoulder stability and 
general function of the shoulder [10]. 

Repeating the high-speed throwing motions can 
change the stability and mobility link and, finally, 
cause damage. Athletes with overhead motions have 
shown several adaptive changes. Impaired motion, 
change in muscle strength, and deficits in propriocep-
tion are among these changes [11]. Some researchers 
argue that exercises involving overhead motions can 
increase joint proprioception [12]. Improving muscle 
strength for joint stability is one of the goals of physi-
cal exercises. Rotator muscles of cuffs, deltoid, biceps, 
large round, large back, and large chest muscles are 
responsible for shoulder stability. The stability of the 
shoulder joint depends on active and passive compo-
nents. The basis of active and passive interactions is 
proprioception information from muscle manipulators, 
tendons, joint ligament capsules, and skin [13]. 

Any damage to the muscular segments and joint mech-
anoreceptors or painful disorders, such as osteoarthritis 
or hypermobility, may disrupt proprioception. Studies 
have revealed impaired proprioception in patients with 
shoulder injuries [9, 14]. Several strategies have been 
proposed to improve proprioception disorders; one of 
these strategies is using people with shoulder impinge-
ment in sporting exercises. Studies have indicated that 
strength exercises can improve the shoulder joint pro-
prioception [2, 13]. Nowadays, a new type of exercise 
is used to enhance performance, known as total-body 
resistance exercises (TRX). One of the characteristics of 
these exercises is to use a closed kinetic chain (CKC) 
and unstable surface for exercises and improve strength 
and flexibility, and balance simultaneously exercises [15, 
16]. Studies have shown that unstable surface exercises 
increase muscle activity compared to other method ex-
ercises [17, 18]. However, no study has been conducted 
on the effectiveness of sling exercises on shoulder pro-
prioception. This randomized control trial (RCT) study 
aimed to compare the effectiveness of the sling exercise 
and OKC exercise in overhead with Sub-Acromion Im-
pingement Syndrome (SAIS) for the shoulder joint posi-
tion sense (JPS) outcomes.

2. Materials and Methods

In this RCT research, the population included over-
head athletes with SIS living in Kerman City, Iran, in 
2019. After confirming SIS by a physiotherapist, the 
statistical sample of the research was randomly clas-
sified into three groups (CONSORT Chart). The pur-
posive convenience sampling method was used in this 
study. All subjects completed the consent form before 
starting the study. The first, second, and third groups 

T

Highlights 

● There is limited research that total-body resistance exercises (TRX) exercises can be effective in improving shoulder joint 
proprioception.

● Shoulder impingement syndrome is one of the most common injuries in overhead athletes. 

● Various treatment methods have been suggested for this condition, one of the most important of which is thera-
peutic exercise.

Plain Language Summary 

These exercises are usually performed as an open and closed kinetic chain, and it was found that closed chain of motion 
exercises on TRX have better effects in improving shoulder proprioception in overhead athletes with impingement shoulder 
syndrome. Of various treatment methods suggested for this condition, the most important one is therapeutic exercise.
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included OKC exercises, TRX suspension exercises, 
and a control group, respectively. 

The inclusion criteria included male and female 
athletes with overhead movements aged 18 to 45 
years, unilateral pain for more than one week to the 
acromion, pain during flexion and abduction against 
resistance [19], a positive Neer’s test [20], positive 
Hawkins [20], and a positive supraspinatus Empty Can 
Test (ECT), and pain when touching humeral tuberos-
ity, [21] which was confirmed with a physical exami-
nation by a specialist physiotherapist.

The exclusion criteria included systemic diseases, 
neck pain during rest, pain during the neck activity, 
return of shoulder symptoms during shoulder active 
range of motion (AROM) [22], pain history or neck 
treatment during the last 12 months [23], history of 
vertebral and upper limb surgery [23], fracture in the 
spinal cord and upper limb [23], shoulder joint stiff-
ness, positive sulcus sign tests, load and shift test, and 
active compression labral test [21]. 

Testing procedure

Arm dominance was determined by asking the athletes 
which arm they used to throw a ball. After the warm-
up, they sat individually on the chairs and were blind-
folded in a quiet room. To prevent the motions of the 
trunk and the shoulder, subjects were fixed to the back 
of the chair with a strap. The JPS was assessed with a 
Leighton flexometer (Jtech Medical, UK) (r=90%-99%) 
[24]. Intra-tester and inter-tester reliability were calcu-
lated before data collection (intra-class correlation co-
efficient; ICC=0.95 and 0.98, respectively). AROM in 
the shoulder joint of each athlete for abduction, IR, and 
ER of the shoulder joint was evaluated before the test. 
Flexometer was fixed in the subjects’ lateral and middle 
forearm with a hook-and-loop strap to test IR and ER 
of the shoulder joint; the flexometer was fixated on the 
middle of the outer forearm to assess abduction of the 
elbow, flexometer was fixed in the upper epicondyles 
humerus and posterior part of the arm. AROM was 
evaluated in the subjects’ IR and ER in a sitting posi-
tion on a chair with 90° of abduction and 90° flexion of 
the shoulder. The subjects were asked to actively rotate 
the shoulder to the endpoint of the range in both the IR 
and ER. Also, they were asked to move their arm to the 
endpoint of the abduction. During the evaluation of ab-
duction of the dominant arm, both hands were relaxed at 
their sides in a natural position.

The IR and ER of the shoulder joint were evaluated in 
the natural position; that is, the forearm was horizontal to 
the ground (0° rotation of the shoulder) (Figure 1). 

Then, the subjects were asked to bring their hands to 
the end of their Range of Motion (ROM), and AROM 
was recorded by the examiner. In assessing propriocep-
tion, the target angle was determined using the maxi-
mum ROM. Our target angles were determined as 10% 
of the overall range of motion. We used the percentage 
of the overall ROM; therefore, all subjects experienced 
a similar ROM [25]. The sample computation for tar-
get angles of ER was as follows: external rotation ROM 
of 130°, internal rotation ROM of 30°. Therefore, the 
overall ROM external and internal rotation was 160°. 
To evaluate the target angle for ER, we consider 10% 
of 160° 15°. Thus, 130° – 15°=115° would be the target 
angle for ER for this subject. Target angles were com-
puted for all movements in the dominant shoulders and 
used to assess proprioception. It was tried to move hands 
to reach the target angle and stay in the same place for 5 
s, which were enough to detect the subject’s joint posi-
tion and did not cause fatigue during testing. We asked 
subjects to bring their hands actively and slowly to the 
starting position. Then, the subjects were asked to ac-
tively move their hands toward the target angle and to in-
form the examiner each time they felt reaching the target 
angle. The obtained angle was recorded by the examiner. 
The proprioception test was performed three times for 
four motions with a 30-s rest between each effort. Errors 
in three attempts of each movement were calculated as 
the difference between the target angle and the rebuild-
ing trail angle. The absolute errors were averaged over 
the three attempts and applied in the statistical analysis. 

Intervention

The OKC group received the exercises for 8 weeks, 
3 sessions per week, and each session lasted one hour, 
based on the protocol extracted from the previous 
studies [26, 27]. Each session included 10 minutes of 
warm-up, 45 minutes of the main exercise, and 5 min-
utes of cooling. The intensity of the exercises based 
on a one-Repetition Maximum (1RM) derived from 
each subject was 65% in the first and second weeks, 
75% in the third and fourth weeks, 85% in the fifth 
and sixth weeks, and 90% in the seventh and eighth 
weeks. There were 10 repetitions of exercises in the 
first, third, fifth, and seventh weeks and 12 repetitions 
in the second, fourth, sixth, and eighth weeks. The val-
ue of the rating of perceived exertion in each session 
was taken from the subjects using the Borg scale [28].
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The sling exercises were performed for 8 weeks, 3 ses-
sions per week, each lasting one hour. These exercises 
were also prepared based on previous studies [15-29]. 
Each exercise session included a 10-minute warm-up, 
a 45-minute main exercise, and a 5-minute cool-down. 
The suspension exercises program was also selected 
based on previous studies and performed on the TRX 
tool. In performing the suspension exercises, it was tried 

to use the pattern of exercises based on the pattern of 
OKC exercises. The rating of perceived exertion exercis-
es was also matched with the Borg scale in two exercise 
groups [28]. Also, the control group received no exercise 
program except for daily activities. 

The obtained data were analyzed using SPSS v. 24 soft-
ware. The Kolmogorov-Smirnov (K-S) test was used for 

Figure 1. Measurement, internal rotation, and external rotation
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normal distribution, and the ANCOVA test was used for 
all variables at the P≤0.05. Bonferroni post hoc test was 
used to evaluate inter-group changes.

3. Results

Table 1 presents the demographic information of 
the subjects separately for each group. Given the ran-

dom matching, no significant difference was observed 
among the variables.

All ANCOVA presumptions were observed for IR and 
ER and shoulder abduction, such as normal distribution, 
equality of variations, and correlation coefficient for all 
proprioception variables. The results of the 1-way ANO-
VA test indicated that no significant difference was ob-

Table 1. Demographic information of the subjects

Mean±SD
Group

Sports history (y)BMI (kg/m2)Height (cm)Weight (kg) Age (y) 

8.27±0.6723.02±1.77188.18±2.5581.80±3.2428.18±2.01OKC training

7.29±0.8222.21±2.99183.36±2.5274.54±3.0127.09±1.82Sling training

8.54±0.7123.20±2.35184.18±2.0977.00±2.4129.09±1.83Control 

Table 2. Results of the analysis of covariance for abduction, internal rotation, and external rotation joint pressure sense

Partial Eta2 PFMean±SDGroups Variables

0.75<0.001**44.76

12.18±1.10OKC

Pre-test ER JPS 11.18±2.08Sling

10.27±3.10Control

7.81±2.35OKC

Post+test ER JPS 4.09±2.45Sling

11.18±2.52Control

0.65< 0.001**27.48

11.27±3.74OKC

Pre-test IR JPS 8.63±3.66Sling

9.90±2.21Control

7.36±3.44OKC

Post+test IR JPS 3.45±1.96Sling

10.45±1.69Control

0.58< 0.001**

8.45±5.00OKC

Pre-test abduction JPS 10.18±2.96Sling

10.08±3.04Control

5.18±2.71OKC

Post+test abduction 
JPS 3.90±2.84Sling

10.18±2.63Control

IR: internal rotation; ER: external rotation; JPS: joint pressure sense; OKC: open kinetic chain.
** Significant P<0.001
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served between mean groups in the Pre-test. The results 
of the ANCOVA test showed that a significant difference 
was observed between OKC and sling and control groups 
(ER f=44.76, P≤0.001; IR f=27.48, P≤0.001; abduction 
f=20.01, P≤0.001) (Table 2). Table 3 presents the results 
of the post hoc test regarding the investigation of the inter-
group difference. A significant difference was observed 
between OKC and sling exercises with the control group 
at post-intervention external and internal rotation and ab-
duction JPS. In addition, the results showed that significant 
differences were observed between the OKC group and the 
sling group. However, the averages showed a higher de-
crease in the measured error rates in the sling group

4. Discussion

Rehabilitation programs, including exercises to re-
store sensory control of patients with shoulder injuries, 
are recommended. Because JPS is crucial for shoulder 
neuromuscular control, we examined the effect of eight 
weeks of OKC and sling exercises on shoulder JPS in the 
overhead athlete with SIS. Based on the research results, 
both exercise groups positively affect the improvement 
of proprioception. Previous studies confirmed these re-
sults [10-16]. Strengthening exercises increase muscle 
development and improve neuromuscular control. How-
ever, ideal exercises are those that not only improve 
neuromuscular control but also improve the function 
of proprioception receptors. In the research conducted 

by Page, TheraBand exercises were influential in reha-
bilitating patients with patellofemoral syndrome, which 
decreased pain and improved the strength and function 
of patients [30]. Moreover, in the research conducted by 
Moharrami et al. six weeks of resistance training with 
elastic-band improved shoulder joint proprioception of 
males with SIS [2]. In the research conducted by Roy 
et al. resistance and motor control exercises improved 
shoulder function in people with SIS. Due to the effect 
on the muscles, especially in active motions, resistance 
exercises stimulate the muscular proprioception recep-
tor [31]. When muscles are stretched in motorcycles, 
the muscle spindle stimulation rate becomes more than 
the position in which muscles are short, and this has a 
close relationship with accuracy and awareness of joint 
position. During active muscle contraction, simultane-
ous activation of gamma results in ascending increase in 
muscle spindle activity, and simultaneous contraction of 
muscles increases the proprioception accuracy sense by 
increasing sensitivity to stretching in the activated mus-
cle spindles around the joint [32]. Moreover, the results 
showed that sling exercises had a better effect on ER and 
IR motions than OKC exercises. Since sling exercises 
are mostly performed in a CKC, they can improve shoul-
der joint proprioception. CKC exercises work on more 
than one muscle group and several joints simultaneous-
ly. Research has indicated that the CKC exercises cause 
more co-contractions in the lower limbs and increase the 
joint’s stability compared to the OKC [31] since CKC 

Table 3. The results of the post hoc test as compared to inter-groups

P Mean±SDGroups Variables 

0.001**3.18±0.80Sling 
OKC 

ER JPS
<0.001**-4.40±0.82Control

0.001**-3.18±0.80OKC 
Sling 

<0.001**-7.58±0.80Control 

0.019*2.90±0.98Sling 
OKC 

IR JPS
0.001**-3.99±0.97Control

0.019*-2.90±0.98OKC 
Sling 

< 0.001**-6.18±0.93Control 

0.2351.89±1.03Sling 
OKC 

Abduction JPS
0.001**-4.37±1.0Control

0.235-1.89±1.0OKC 
Sling 

<0.001**-6.27±1.0Control 

IR: internal rotation; ER: external rotation; JPS: joint pressure sense; OKC: open kinetic chain.
** Significant P<0.001. * Significant P<0.05.
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exercises cause more co-contraction and improve joint 
stability in the upper limbs [33, 34]. Lin et al. (2007) 
argued that CKC exercises increased the activity of mus-
cle spindles [35]. Chug et al. also argued that using non-
stabilizing devices was effective in reducing back pain 
and increasing the sensitivity of soft tissues stabilizing 
the joints. In addition to the advantages such as higher 
muscle activation in unstable exercises, these exercises 
may also increase the sense of proprioception. Exercis-
ing in an unstable environment increases the demand in 
the musculoskeletal system for joints, which may be due 
to the placement in the unstable environment.

The novelty of this study was to apply the TRX training 
method and compare it with traditional exercises. The 
primary limitations associated with this study were the 
low sample size and the lack of both genders as partici-
pants. Therefore, it is recommended to conduct a study 
with a high number of male and female participants.

5. Conclusion 

According to the results, it can be concluded that OKC and 
sling exercise improve the shoulder joint proprioception. 
Also, given the research results and mean changes, sling 
exercises improve the shoulder joint proprioception in over-
head athletes with SIS. Thus, these exercises can be used as a 
rehabilitation intervention to improve proprioception.
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