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A B S T R A C T

Objective: — Tennis is a demanding sport that requires proper physical conditioning to prevent injuries in players 
with rotator cuff issues. This study aims to evaluate the effects of an eight-week core exercise training program 
on pain, core endurance, rotator strength, and muscle architecture in rotator cuff tennis players.
Materials and methods: — The study group consisted of 41 subjects (22 women, 19 men) with a mean age of 42.06 
± 8.17. The core exercise group trained with core exercises in addition to routine training 3 times a week for 8 
weeks; The control group only performed routine training 3 times a week for the same duration. Assessments of 
pain, muscle endurance, strength, and architecture were conducted before and after the 8-week intervention.
Results: — Data analysis revealed a significant improvement in the experimental group compared to the control 
group. This indicates a large effect size (p < 0.05) in pain, muscle strength, endurance, and muscle architecture 
length (excluding pennation angle).
Conclusions: —The results of this study demonstrate that core exercise training is an effective method for 
reducing pain and improving functional outcomes in tennis players with rotator cuff lesions. Furthermore, the 
findings highlight the importance of targeted and comprehensive core stability training in minimizing the risk of 
re-injury.

1. Introduction

Tennis players are prone to upper extremity injuries due to the re-
petitive and supraphysiologic forces generated at the shoulder and 
elbow during a typical match. The shoulder is vulnerable to injury 
during the serve and overhead in all strokes of the sport [1]. Upper 
extremity injuries in tennis are often chronic and caused by repetitive 
microtrauma and overuse, while lower extremity injuries tend to be 
acute [2,3]. The spectrum of shoulder pathology includes chronic ro-
tator cuff inflammation (tendinosis), subacromial bursitis, 
partial-thickness rotator cuff tears, long head of biceps injuries, and 
superior labrum anterior-to-posterior (SLAP) tears. Rotator cuff muscle 
injuries are frequently related to overloading or repeated movements in 
overhead sports such as tennis, squash, volleyball, and pitchers [4,5].

Playing tennis can cause injuries that include supraspinatus muscle 

degeneration, tendon tears, and calcification of the shoulder [6]. These 
injuries are commonly associated with the overhead nature of the sport. 
The supraspinatus, as one of the most important rotator cuff muscles, is a 
substantial dynamic stabilizer of the glenohumeral joint in multiple 
shoulder positions and activities. The quality of the supraspinatus 
muscle and tendon is a crucial factor in predicting the biomechanical 
strength of rotator cuff repairs, with a significant impact on clinical 
outcomes [7].

The core and rotator cuff muscles biomechanically connect the 
shoulder in several functional movements [8]. Core muscles are crucial 
for stabilizing the spine reinforcing the trunk during upper extremity 
movements and maximizing balance in the lower extremity movements, 
especially in the early stages of motor development [9]. In tennis, 
decreased muscle strength and control may lead to slower speed, 
instability, and a greater risk of injury [10]. In addition, core 
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stabilization is crucial for enhancing athletic performance, improving 
leg balance and trunk strength, and preventing various sports injuries 
[11,12].

At this point, it is possible to affirm that tennis is a complex and 
intermittent sport that requires an accurate combination of the major 
physiological variables [12]. Most tennis players with rotator cuff in-
juries experience dull shoulder pain, early fatigue, and decreased per-
formance. Many overhead tennis players experience generalized 
shoulder pain due to repetitive terminal external rotation, and internal 
rotation with abduction and elevation. Rehabilitation programs for 
shoulder pain commonly focus on strengthening, mobility, and 
sport-specific movements that target the affected joint and can often 
lead to successful outcomes [12,13].

Based on the current literature, this study aimed to investigate the 
effects of 8-week specific core stability training on pain, muscle strength, 
and muscle architecture in tennis players with rotator cuff injuries. We 
hypothesized that tailoring specific core stability training to tennis 
players would improve muscle architecture and strength which could 
prevent injury.

2. Materials and methods

2.1. Study participants

We used G*Power software (G*Power version 3.0.10, Franz Faul, 
Universität Kiel) to calculate a power analysis, assuming an effect size of 
d = 0.55, α = 0.05 type I error, and β = 0.20 type II error. This calcu-
lation yielded an estimated required sample size of 36 athletes. To ac-
count for potential dataloss, we planned to include 50 tennis players 
with 25 participants in each group. At the beginning of the study, 50 
players with rotator cuff injuries underwent evaluation using four 
shoulder tests. Six players were excluded from the study due to negative 
test results and unwillingness to participate. The remaining 44 athletes 
were randomly divided into 2 groups, control and exercise, each con-
sisting of 22 athletes, using a computer-aided randomisation program 
(https://www.randomizer.org/) by block randomisation method. 
However, 1 from the CT group and 2 from the CE group did not complete 
the study. These assignments were unknown to both the participants and 
the physiatrist working with them Forty-one tennis players playing 
competition level tennis, (19 males and 22 females) were recruited in 
this study (age: 23.5 ± 4.1 years, height: 169.6 ± 10.4 cm and weight: 
64.7 ± 10.4 kg). In order to be considered eligible to participate in this 
study, they had to be involved in tennis for more than five years, at a rate 
of three times per week, with a minimum playing time of one and a half 
hours and they were in regular training season. The inclusion criteria of 
the study were: the presence of unilateral shoulder pain a diagnosis of 
rotator cuff tendinopathies by the physiatrist, and no physiotherapy for 
the shoulder in the four weeks before the study. Patients with rotator 
cuff tendinopathies and grade 1–2 rupture were included in the study 
after evaluation by ultrasonography with dynamic tendon method (GE 
Logiq P5, Wisconsin, USA) using a 12 MHz linear array probe. In addi-
tion, potential study subjects needed to have at least two of the following 
positive signs: Neer, Hawkins tests, or the drop arm or pain during the 
abduction of the shoulder with a painful arch [14]. Exclusion criteria 
were prior or current history of shoulder injury or pathology and the 
presence of any medical condition of the glenohumeral joint such as 
infection or systematic disease and trauma [15]. The study was 
approved by the local ethics committee of Ankara University and written 
informed consent was obtained from all participants. it was also 

prospectively registered at Clinicaltrials.gov (registration number: 
NCT06402162)

2.2. Experimental design

This is a prospective, randomized, single-blind, controlled study. All 
tennis players were evaluated by the same physiotherapist before and 
immediately after core exercise training (in the 8th week) with visual 
analog scale (VAS) and isokinetic measurements of shoulder external 
rotation (ER) and internal rotation (IR) muscles, core endurance tests 
and muscle architectural features. During a regular in-season training 
week held in April and May, data collection of the control group was 
carried out after the players’ normal technical-tactical training in groups 
of 4 or 5 people. Core exercises were added to the regular in-season 
training in April and May for the core exercise group, and they were 
performed in groups of 4 or 5 people after the player’s normal technical- 
tactical training. Core stability training includes the following exercises: 
Isometric activation of the trunk’s deep stabilizers while in the supine 
position, with the lower legs flexed at the hips and knees, and feet flat on 
the floor, utilizing an active posterior pelvic tilt; side plank with leg lift; 
supermans; glute bridges; planks; side planks (on both the right and left 
sides); static push-ups on the fingertips; lying on your back with legs 
together and arms positioned under the scapula; and prone cobras.  

Fig. 1. Evaluation of fibre bundle length and pennation angle using ultraso-
nography. Panoramic US images show the right supraspinatus following before 
core exercise training in the relaxed state (1-a); (1-b) after core exercise 
training. FBL: fibre bundle length, PA: pennation angle.
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2.3. Procedures

2.3.1. Shoulder rotator cuff muscle strength measurement
We conducted isokinetic evaluations of shoulder ER and IR muscle 

strength using a Biodex System 3 Pro™ dynamometer at 60◦/second and 
180◦/second, with the same physiotherapist administering the tests. 
Before measurements started, the dynamometer was calibrated and 
positioned at a 50◦ tilt and 20◦ orientation, with the seat at 85◦ tilt and 
15◦ orientation. Patients were seated supine in the isokinetic dyna-
mometer chair at 80◦ hip flexion and 90◦ knee flexion, with unrestricted 
ankles. Straps were used to stabilize their trunks and legs. Muscle 
strength was tested with the shoulder at 45◦ abduction and 30◦ flexion, 
and the elbow flexed at 90◦. The rotation axis was adjusted longitudi-
nally through the humerus head and the glenohumeral joint. The elbow 
axis aligned parallel to the dynamometer entrance, and the neutral hand 
position was set as per the user manual [14]. The movement range was 
set to a painless 90◦ shoulder rotation from a modified neutral position 
(45◦ IR and 45◦ ER). After explaining the procedure, patients practiced 
three submaximal and five maximal repetitions at each speed. The 
movement range was set to a painless 90◦ shoulder rotation from a 
modified neutral position (45◦ IR and 45◦ ER), with gravity correction 
applied. Patients practiced three submaximal and five maximal repeti-
tions at each speed after the procedure was explained. The isokinetic 
evaluation at 60◦/second involved five maximal effort repetitions, while 
at 180◦/second, there were ten. We measured muscle strength as peak 
torque (PT) of ER and IR at each speed, using the highest recorded value 

(Newton meters) for analysis [15].

2.3.2. Muscle architecture measurements
Muscle architecture measurements of the supraspinatus were per-

formed using a GE Logiq P5 ultrasound system with a 12-MHz linear 
array probe. A trained sonographer acquired the images while the pa-
tient sat with the arm adducted and internally rotated, the elbow at 90◦, 
and the hand in a neutral midline position, exposing the affected 
shoulder. Muscle measurements, including thickness, fascicle length, 
and pennation angle, were taken before and after treatment, with three 
measurements taken for each and the mean value recorded. Fiber length 
was measured using a linear probe placed parallel to the fiber bundles. 
The probe was positioned along the fascicles to assess the organization 
between the superficial and deep aponeurosis. Pennation angles were 
measured between the fiber bundle and the intramuscular tendon at the 
attachment point. Muscle thickness was measured at its widest point, 
based on the midpoint of the acromion, with the probe on the supra-
spinatus fossa in a transverse position [16]. Ultrasonographic mea-
surements of muscle architecture are shown in Figs. 1 and 2.

2.3.3. Core stability assessment
The text outlines core stability assessment using three tests: the side 

bridge test, abdominal endurance test, and trunk extensors endurance 
test. The side bridge test requires maintaining a position supported by 
the forearm and feet to evaluate hip and trunk stabilizers, focusing on 
the quadratus lumborum muscle [17]. The abdominal muscles endur-
ance test (ABSET) assesses the strength of the rectus abdominis by 
having the subject hold a sit-up position with a 60◦ trunk flexion. In the 

E.M. Ersever and B. Goktas                                                                                                                                                                                                                  Journal of Tissue Viability 34 (2025) 100934 

3 



trunk extensors muscle endurance test (TEMET), the subject lies prone 
on a rehabilitation table with their pelvis supported and arms crossed 
while extending the trunk. Following these evaluations, an eight-week 
core stability exercise program was implemented, focusing on 
strengthening and stabilizing the lumbopelvic and shoulder muscles 
[17,18]. The exercises were designed with a focus on proper technique, 
and each subject received a detailed program outlining a warm-up, sets, 
repetitions, and exercise descriptions. Subjects performed the core sta-
bility exercises three times a week for eight weeks while also partici-
pating in regular tennis training three times a week. The core stability 
tests were re-evaluated using the same procedures after the eight-week 
program.

2.4. Statistical analysis

Statistical analysis was performed using SPSS Statistics for Windows 
version 17.0 software program (SPSS Inc., Chicago, IL, USA). For each 

continuous variable, distribution normality was checked using the 
Shapiro-Wilk tests. Chi-square tests were used to quantify possible dif-
ferences in all outcome measures between groups in the study. For the 
purpose of comparing data between the first and second evaluations, the 
Wilcoxon signed-rank test was performed. Results were mentioned as 
mean value ± standard deviation (SD). P-values less than 0.05 were 
considered statistically significant. Effect size (η2) was calculated for the 
changes observed during the treatment process in each group. The effect 
size (η2) was interpreted as “small effect size” if it was between 0.10 and 
0.29, “medium effect size” if it was between 0.30 and 0.49, and “large 
effect size” if it was ≥0.50.

3. Results

A total of 41 tennis players with rotator cuff pathology were enrolled 
in this study. The mean ages of the CT group and CE were 42,00 ± 6,49 
and 44,20 ± 9,66 years, respectively. There is a statistically significant 
difference between the groups in terms of mean age (Table 1). Statistical 

Fig. 2. Evaluation of muscle thickness using ultrasonography. Panoramic US 
images show the right supraspinatus following before core exercise training in 
the relaxed state (a); (b) after core exercise training. MT: muscle thickness, 
L:length.

Table 1 
Demographic characteristics of the study groups.

variables CT CE

N = 21 (%) mean (SD) N = 20(%) mean (SD)

Gender man 11 (%52,3) 13 (%35,0)
woman 10 (%47,7) 7 (%65,0)

Age (years) 42,00 ± 6,69 43,20 ± 9,66
BMI (kg/cm2) 21,12 ± 3,24 22,48 ± 4,28

CT: control group, CE: core exercise; BMI: Body Weight Index SD: standard de-
viation. *P < 0.05.

Table 2 
VAS- Isokinetic measurements and ultrasonographic parameters regarding 
muscle architecture before and after core exercise treatment.

Pre-test 
median (SD)

Pa 
between 
groups

Post-test 
median 
(SD)

Pb 
within 
group

Pc 
between 
groups

VAS CT 
CE

7.19  
± 2,13 
6,70  
± 1,80

0,433 0,81 ± 
1,03 
0,90 ± 
1,29

0,805 0,00 
0,00

Muscle CT 18,3  
± 2,52

0,000 20,08 ± 
3,08

0,000 0,000

thickness CE 22,3  
± 3,04

​ 24,74 ± 
3,19

​ ​

Fiber bundle 
length

CT 46,25  
± 4,71

0,777 49,29 ± 
3,91

0,665 0,000

CE 46,73  
± 5,85

​ 50,14 ± 
6,62

​ ​

Pennation 
angle

CT 16,00  
± 2,26

0,210 18,28 ± 
2,46

0,089 0,199

CE 17,97  
± 2,65

​ 19,91 ± 
3,45

​ ​

External 
Rotation 
60 ◦/sn

CT 
CE

13,9 ±
5,13 
12,30 
± 7,42

0,045 18,40 ±
5,58 
19,70 ±
9,96

0,162 0,000

İnternal CT 15,12 
± 5,06

0,037 19,40 ±
10,09

0,160 0,000

Rotation 
60◦/sn

CE 15,37 
± 7,20

24,74 ±
11,17

External/ 
İntern

​ ​ ​ ​ ​ ​

al Rotation 
60◦/sn

CT 
CE

1,05 ±
0,77 
0,97 ±
0,49

0,733 0,88 ±
0,44 
0,84 ±
0,24

0,314 0,487

External 
Rotation 
180 
◦/sn

CT 
CE

11,93 
± 4,01 
14,73 
± 5,57

0,071 23,79 ±
6,87 
26,07 ±
9,44

0,402 0,000

İnternal 
Rotation 
180◦/sn

CT 
CE

17,17 
± 6,78 
16,95 
± 6,85

0,919 33,95 ±
10,34 
32,09 ±
12,10

0,396 0,003

External/ 
İntern al 
Rotation 
180◦/sn

CT 
CE

0,81 ±
0,20 
0,90 ±
0,20

0,021 0,80 ±
0,27 
0,86 ±
0,26

0,836 0,077

SD: standard deviation. *p < 0.05 between two groups for values (independent 
sample t-test) and within the group after 8 weeks (dependent sample t-test), Pa, p 
values of comparison of baseline values between groups; Pb, p-value of the 
comparison of the pre-test and 8 weeks later within the group(chi-square test); 
Pc, p values of the comparison of change between groups; CT: control group, CE: 
core exercise.
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analysis of the results in the first and second studies (before and after 
introducing the core stability exercise program) revealed significant 
differences in core stability test results. In addition, the pre-intervention 
values of the VAS (Table 2), the core stability test results, the isokinetic 
measurements, and the muscle architecture were similar for both 
groups. There were statistically significant improved pain, muscle 
strength, core stability, and changes in the muscle architecture of the 
two groups after treatment (p < 0.05; Tables 2 and 3), (pennation angle, 
except, p > 0.05; (Table 2). However, there were statistically significant 
differences in pain, muscle strength, core stability, and changes in the 
muscle architecture in the CE group compared to the CT group after the 
treatment (pennation angle, except), (P < 0.05; Tables 2and3). Table 4
presents the results of core stability tests before and after the core sta-
bility training program between groups. We observed a statistically 
significant increase in all test scores, in both CT and CE, although the 
average improvement after the eight-week core stability exercise pro-
gram was greater in CE tennis players. According to do effect size it was 
found that the decrease in pain level in the CE group, and the increase in 
core stability scores, muscle thickness, and ER/IR 180◦/sec were greater 

(VAS CE; η2 = 0,86, int r 60◦ CE; η2 = 0,68, TEMET CE; η2 = 0.94; table 
4).

4. Discussion

The repetitive demands and motions of tennis can stress the upper 
and lower extremities, leading to characteristic injury patterns and 
musculoskeletal adaptations. To address these effects, preventive ap-
proaches can include extensive core stability training [19]. This study 
aimed to investigate the effects of 8-week specific core stability training 
on pain, muscle Strength, and muscle architecture in tennis players with 
rotator cuff injuries. We hypothesized that this exercise approach, which 
includes specific core stability training, could lead to improvements in 
pain, strength, and postural stability, thereby reducing the risk of 
shoulder muscle injury. Our hypotheses have been supported by the 
results that show positive and foremost effects in the experimental group 
of tennis players after 8 weeks of intervention. In rotator cuff injuries, 
players experience increased pain during training due to tendon damage 
and repetitive overuse. There are few studies on non-pharmacological 
methods to reduce this pain. In this investigation, individuals in the 
core exercise group experienced reduced pain levels. The effect size 
indicating the difference in pain intensity between the groups was sig-
nificant. A review of the literature revealed that core exercises alleviated 
pain experienced by patients due to consistent practice in the upper 
extremities and diminished pain during training when they resumed 
sports activities [20].

These results are in line with previous reports documenting the 
foremost and positive effects after a specific core training program. Xiao 
et al. [21], showed a significant increase in physical performance in the 
experimental group, compared with controls, after 6 weeks of core 
training. Fernandez et al. [22] and Majewska et al. [23] obtained the 
same results after 6 weeks of specific core training and prevention ex-
ercises in a group of young, elite tennis players. Š’cepanović et al. [20] 
evaluated the effects of a six-week core strengthening exercise in a group 
of 36 female, untrained students, randomly assigned to two groups. In a 
specific, core strengthening exercise training group, they observed 
higher results in the isokinetic test, compared with a group of female 
students participating in a traditional exercise program. Wang et al. [24] 
confirmed that 9 weeks of core training positively increased tennis 
players’ core strength, muscle thickness, and muscle strength. A healthy 
neuromuscular system provides essential core stability during functional 
activities and regulates the movement and strength of the terminal 
segments, as well as the overall body position. Impairments in 

Table 3 
Results of the core stability tests before and after core exercise training program.

Pre-test median 
(SD

Pa 
between 
groups

Post-test 
median 
(SD)

Pb 
within 
group

Pc 
between 
groups

LTMET CT 
CE

76,09 ±
7,89 
77,27 ±
8,42

0,045 82,40 ±
8,08 
86.48 ±
9,08

0,162 0,000

ABSET CT 15,12 ±
5,06

0,037 19,40 ±
10,09

0,160 0,000

CE 15,37 ±
7,20

24,74 ±
11,17

TEMET CT 
CE

155,32 
± 21,67 
138,75 
± 13,81

0,033 165,97 ±
20,22 
155,88 ±
21,44

0,014 0,000

LTMET-lateral trunk muscles endurance test; ABSET–abdominal muscles 
endurance test; TEMET–trunk extensors muscle endurance test; n–sample size; 
±; SD− mean value and standard deviation of the core stability tests results (in 
seconds). SD: standard deviation. *p < 0.05 between two groups for values 
(independent sample t-test) and within the group after 8 weeks (dependent 
sample t-test), Pa, p values of comparison of baseline values between groups; Pb, 
p-value of the comparison of the pre-test and 8 weeks later within the group(chi- 
square test); Pc, p values of the comparison of change between groups; CT: 
control group, CE: core exercise.

Table 4 
The effect size (η2) was calculated based on the intergroup score averages of the measurements. (Cohen’s d).
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neuromuscular control within the kinetic chain can lead to biome-
chanical changes and force imbalances during upper extremity move-
ments, making the shoulder joint more susceptible to injury. Several 
studies conducted on athletes suggest that strong core stability enhances 
force production and reduces stress on the peripheral joints [25]. 
Conversely, weak core stability increases the risk of injury, contributing 
to shoulder and elbow pain in athletes. A program designed to prevent or 
treat shoulder injuries must include core stability training. Our study 
clearly demonstrates a significant increase in core stabilization and 
upper extremity muscle strength within the exercise group when 
compared to the control group, reinforcing this assertion (Tables 2 and 
3).

In the present study, statistical analysis showed that the whole spe-
cific protocol (core exercise training) had a significantly positive effect 
on the performance of the experimental group. We observed significant 
differences in every parameter of postural stability in the LTMET, 
ABSET, and TEMET assessments [26]. These differences indicate that 
the acquired postural control has improved the weakened rotator 
strength and muscle values. Especially, we observed a great improve-
ment in strength and muscle thickness scores in the external and internal 
directions, which are the areas of weakness in rotator cuff injuries. In 
parallel with our results, Bashir et al. [27] reported a statistically sig-
nificant effect of core training on external and internal strength in tennis 
players. Furthermore, this relationship potentially may have a signifi-
cant and positive impact on preventing and reducing injury risk 
[28–30]. In the sporting environment, therefore, core stability and core 
strength are essential for controlling the position and motion of the 
trunk, and for performance enhancement. Previous research suggests 
that repeated overhead activities cause a build-up of trauma, resulting in 
differences in shoulder rotator strength. These differences eventually 
result in an imbalance between the ER/IR ratios on the throwing 
shoulder. Ellenbecker and Davies speculated that an ER/IR ratio lower 
than 66 % would be a risk factor for shoulder injuries, and the proper 
balance between the ER and IR is important for injury prevention [31]. 
The authors believed this strength imbalance might put the players’ 
shoulders at risk during repetitive tennis serve and stroke. They also 
reported a decrease in ER/IR ratio from the youngest (74 %) to the oldest 
players (66 %), reflecting relative weakness in ER strength in the oldest 
players. We found a greater ER strength and a similar IR strength be-
tween the shoulders at both angular speeds. These results cannot be 
directly compared with Cools et al.’s study as a different strength 
measurement method was used and the players are older (mean age 
43.20 y) in the present study than in Cools et al. [32]. However, some 
may interpret this as non-elite tennis players not yet demonstrating an 
adaptive pattern in rotator strength. Nonetheless, the ER/IR ratio re-
mains below 41 %, highlighting the importance of closely monitoring 
games to detect potential muscle imbalances between the shoulders in 
later years.

Supraspinatus muscle strength strongly depends on the morphologic 
properties of the muscle. Several factors can influence the morpholog-
ical components of muscles [33]. These factors include muscle thickness, 
which refers to the diameter or cross-sectional area of the muscle fibers, 
fiber length, which relates to the overall length of muscle fibers, and 
pennation angle, which is the angle at which muscle fibers attach to the 
tendon [24,33,34]. Each of these factors plays a crucial role in deter-
mining the overall structure and function of skeletal muscles. In the 
literature, few studies have investigated that muscle thickness is highly 
related to the cross sectional area (CSA), which is often measured to 
evaluate muscle atrophy or exercise induced hypertrophy after injury 
and rehabilitation specific regimes [35,36]. In this study, we thoroughly 
examined the architectural changes in the supraspinatus muscle 
following the implementation of core training as a crucial component of 
the rehabilitation process for tendinopathies and rotator cuff tendon 
tears. Substantial differences in fiber bundle architecture and muscle 
thickness were identified after an intensive eight-week core training 
program for the supraspinatus. Blazevich et al. for example, reported a 

similar increase in FBL of the vastus lateralis between concentrically and 
eccentrically core-trained participants [37]. In studies where the 
training program incorporated a combination of both 
concentric-eccentric resistance and core mean FBL also significantly 
increased post-training. Potier et al. also found an increase in FBL 
following an eight week core training program for the biceps femoris; 
however, the changes were not significant between the controls. Studies 
have reported an increase in muscle thickness and fiber length following 
core training [38].

The supraspinatus tendon which coalesces with the other rotator cuff 
tendons may have tendon properties different from those of the upper 
extremity muscles. In addition, the anterior region of the supraspinatus 
muscle, which was investigated in the present study, is circumpennate in 
architecture with a long intramuscular portion of the tendon extending 
medially into the muscle belly [38,39]. Compared to other studies, the 
differences between our findings in fiber bundle architecture and the 
mechanical properties of the muscle contributed to the literature. It was 
concluded that further investigation should be conducted in future 
studies. Muscle thickness is a common measurement used to indicate 
muscle hypertrophy after training [39,40]. In pennated muscles, hy-
pertrophy is associated with an increase in PA. An increase in PA can in 
turn affect the force producing capability of the muscle by allowing a 
greater amount of contractile tissue to attach to a given area of tendon 
which in turn can lead to a larger physiological cross sectional area. 
Numerous studies have shown that muscle growth is higher after com-
bined core and strength training compared to strength training alone 
[41–44]. In our study, we also observed differences between the groups 
in muscle thickness (MT), fascicle length (FL), and pennation angle (PA). 
Similar to MT, FL increased significantly with shoulder core training, but 
we found no difference in PA values between the core exercise group and 
the control group. The significant increase in fL and MT observed over 
time in this study can be explained by adaptation and decreased tension 
on the muscle fibers and hypertrophy caused by rehabilitation. Despite 
the significant increase in muscle fiber lengthening and MT, no signifi-
cant change in PA was seen after 8 weeks. One possible explanation for 
this is microtrauma, which occurs when the muscle becomes inflamed 
from tension initially applied to strengthen the muscle and the tendon 
reattaches to its insertion site. By 8 weeks after the rotator cuff lesion, 
the damage would likely have diminished, so the change could be 
explained by new muscle fiber growth accounting for the area previ-
ously occupied by inflammation. Although these changes cannot be 
easily distinguished using US, they are promising in observing the 
muscle condition as a result of core exercises.

4.1. Limitations of the study

The study’s first limitation may be that the rotator cuff of the injured 
shoulder was not compared with the uninjured side. Another limitation 
was that the muscle architecture of the infraspinatus was not measured 
in addition to the supraspinatus. Additionally, our study was conducted 
on a specific group of middle-aged tennis players. therefore, future 
research should include different age groups and ability levels.

5. Conclusions

The findings of this study suggest changes in pain, rotator muscle 
strength, core endurance, and muscle architecture evoked by core 
training are closely coupled. Since the structure of a muscle best reflects 
its functional demands, in instances of pathology, pain reduction and the 
maintenance or restoration of architectural parameters favorable to its 
function are of the utmost importance in rehabilitation. For this reason, 
core stability exercises can be recommended to tennis players with ro-
tator cuff injuries as a valuable supplement to regular tennis training, 
based on our study findings and those of other authors.
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