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BACKGROUND  
Pectoralis major tendon rupture in high-level female wrestlers is extremely rare, and 
evidence regarding rehabilitation and return-to-sport criteria is limited. The purpose of 
this case report was to provide detailed information regarding quantitative assessment of 
postoperative recovery, focusing on maximal and rapid isometric force production 
following pectoralis major tendon repair in a world-class female wrestler. 

STUDY DESIGN   
Case report 

CASE DESCRIPTION   
A world-class female wrestler in her 20s sustained rupture of the sternocostal and 
abdominal heads of the right pectoralis major at the humeral attachment and underwent 
tendon repair six days after injury. Resistance training began at week nine and 
wrestling-specific drills began at week 14. She returned to competitive training at week 
18 and official competition at week 24. 

OUTCOMES  
Shoulder strength was assessed weekly from postoperative week 6 to 16 using the 
Athletic Shoulder (ASH) Test with a force plate. Net peak force (NPF) and net force at 200 
ms (NF200) were measured in the I-position (180°), Y-position (135°), and T-position 
(90°). NPF limb symmetry improved by week 11 in the I- and Y-positions, while NF200 
recovery lagged behind NPF, particularly in the Y-position. A temporary decrease in NPF 
and NF200 was observed at week 14, most pronounced in the Y-position. Coefficient of 
variation for NF200 remained higher on the operated side than on the contralateral side. 
Training progression and return-to-sport clearance were guided by pain response, 
shoulder range of motion, exercise and sport-specific tolerance, ASH test findings, and 
physician assessment. 

DISCUSSION  
NF200 recovery lagged behind NPF, suggesting that rapid force production may remain 
impaired after peak force has recovered. Recovery patterns were angle-dependent, 
supporting multidirectional assessment. Strength decline after wrestling-specific training 
also supports continued neuromuscular monitoring. 
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CONCLUSION  
In this athlete, repeated ASH testing appeared to assist clinical monitoring by detecting 
position-specific changes in maximal and rapid force production during the 
return-to-sport process. 

LEVEL OF EVIDENCE    
5 

INTRODUCTION 

Wrestling is a combat sport that demands rapid force pro
duction from the upper extremities at various shoulder 
joint angles, especially in elevated positions, due to ex
plosive tackling and grappling movements.1 During spar
ring, reactive upper limb movements frequently occur in 
unpredictable situations, necessitating high levels of both 
stability and mobility in the shoulder joint. This inherent 
characteristic of the sport places wrestlers at high risk for 
shoulder joint injuries, with dislocations, rotator cuff tears, 
and labral tears being commonly reported.2,3 

In wrestling, shoulder horizontal adduction, which in
volves clinching the opponent’s body with both hands, is 
crucial. The primary muscle responsible for this action is 
the pectoralis major. Anatomically, it is divided into three 
parts: the clavicular, sternocostal, and abdominal. It is 
commonly understood that the muscle length and activity 
patterns of each part change depending on the shoulder 
joint position. Specifically, as the shoulder abduction angle 
increases, the degree of stretch of the pectoralis major 
changes, resulting in different force production character
istics at maximal abduction, 135° abduction, and 90° ab
duction.4,5 

Pectoralis major ruptures are rare among skeletal muscle 
injuries and more than 90% of reported cases occur in 
males, most commonly in weight-training enthusiasts and 
bodybuilders between 20 and 40 years of age.6 While con
servative treatment is sometimes attempted for pectoralis 
major injuries, surgical intervention is often chosen for 
athletes aiming to return to competition. Generally, reat
tachment of the ruptured tendon to the bone (suture fixa
tion) is the standard surgical procedure, and early surgical 
repair has been reported to provide better outcomes than 
delayed surgery or conservative treatment.7 In addition, a 
cross-sectional study by Fleury et al. compared isokinetic 
shoulder strength between surgically and non-surgically 
treated male athletes after pectoralis major rupture.8 They 
reported that surgical treatment was associated with a 
lower incidence of significant strength deficits, although 
the magnitude of contralateral strength deficiency did not 
differ between the surgical and non-surgical groups.8 These 
findings partially support the operative approach, particu
larly for athletes. However, to date, no longitudinal evalua
tion of the return-to-sport process following pectoralis ma
jor injury in female athletes has been reported. Due to the 
scarcity of cases, evidence regarding functional recovery 
processes, postoperative rehabilitation content, and crite
ria for return to sport is extremely limited. 

Muscle strength evaluation is critical for assessing treat
ment effectiveness, setting training intensity, and deter

mining return to sport readiness during the recovery 
process from muscle injury.9 In particular, in combat sports 
such as wrestling, it is necessary to comprehensively eval
uate not only maximal force capacity but also rapid force-
generating capacity, which is the ability to generate large 
forces in a very short period of time,10‑13 and force repro
ducibility, which is the ability to reproduce force output on 
separate occasions.14,15 After muscle-tendon reconstruc
tion, maximal force production is considered to reflect tis
sue recovery,16 whereas rapid force production and force 
reproducibility are regarded as indicators that primarily re
flect the recovery of neuromuscular function.13,17 Although 
isokinetic dynamometry can assess both maximal strength 
and an aspect of rate of force development (RFD) during dy
namic contractions, which may be more ecologically valid 
for dynamic sport movements, isokinetic dynamometers 
are large, stationary systems, and testing is often con
strained by standardized movement planes and ranges of 
motion. Therefore, complementary assessments that can 
be safely and repeatedly performed at clinically relevant 
shoulder positions may be useful for monitoring recovery 
after pectoralis major repair. 

Recently, the Athletic Shoulder (ASH) test has been in
troduced as a method to evaluate isometric muscle strength 
during shoulder extension and horizontal adduction at 
multiple shoulder abduction angles using a portable force 
plate.18 Although the ASH test is an isometric assessment 
and does not directly replicate the dynamic demands of 
wrestling throughout the range of motion, it offers three 
key advantages: (1) it allows for evaluation at different 
shoulder abduction angles, (2) it has demonstrated excel
lent reliability for each test position, and (3) it enables the 
assessment of maximal force, RFD, and force reproducibil
ity through repeated trials. These characteristics make the 
ASH test a potentially valuable tool for evaluating the re
covery of muscle strength and neuromuscular function 
throughout the postoperative rehabilitation process. 

Therefore, this case report details a rare case of pec
toralis major injury treated with surgical repair in a female 
wrestler, with a comprehensive evaluation of shoulder mus
cle strength recovery from the postoperative period to re
turn to competition using the ASH test. The purpose of this 
case report was to provide detailed information regarding 
quantitative assessment of postoperative recovery, focusing 
on maximal and rapid isometric force production follow
ing pectoralis major tendon repair in a world-class female 
wrestler. The findings may contribute to the limited evi
dence regarding the clinical use of ASH testing to monitor 
postoperative shoulder strength and neuromuscular func
tion in a female athlete after pectoralis major repair. 
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CASE DESCRIPTION 

The subject was a female wrestler in her 20s. (Height and 
weight are withheld to protect privacy and prevent identi
fication.) She competed at the international level and was 
categorized as a Tier 5 athlete according to the classifica
tion framework proposed by McKay et al.19 This study was 
approved by the Institutional Research Ethics Committee 
(approval number 2021-057-3), and the athlete provided 
written informed consent, including consent for publica
tion of this case report. 

She had regular weight training experience, with a pre-
injury bench press one-repetition maximum (1RM) of 1.1 
times her body weight. Regarding her shoulder injury his
tory, she had experienced multiple right shoulder labral 
tears and left rotator cuff tears in the five years prior to the 
right pectoralis major injury and occasionally experienced 
discomfort in both shoulders. She had been experiencing 
mild pain in her right pectoralis major during practice for 
ten days before the main injury event. Despite the persis
tent mild pain, she participated in an official match. While 
clinching the opponent during the match, she felt a sudden 
exacerbation of pain in her right pectoralis major (accom
panied by a popping sound), making it impossible to con
tinue competing at that moment. 

After the injury, magnetic resonance imaging revealed 
no damage to the clavicular head but indicated a rupture 
of the sternocostal and abdominal heads of the right pec
toralis major at their humeral attachment. Tendon repair 
surgery was performed six days after the injury event. 

Postoperative rehabilitation was progressively managed 
by physical therapists. Early postoperative rehabilitation 
(weeks 0-4) focused on shoulder joint range of motion ex
ercises and isometric contractions of the pectoralis major. 
From weeks 5-8, low-load resistance exercises using resis
tance bands and tubing were introduced. By postoperative 
week 6, full passive range of motion was achieved in flexion, 
abduction, and external rotation. Internal rotation at 90° 
of shoulder abduction was 55° and remained 55–60° during 
the rehabilitation support period. Resistance training com
menced gradually from week 9. From postoperative week 9, 
free-weight training was initiated, along with the progres
sive incorporation of sport-specific elements and closed ki
netic chain (CKC) exercises, such as push-ups, rope climb
ing, and assisted pull-ups. 

Beginning at postoperative week 14, wrestling-specific 
drills (repetitive tackling practice) were initiated. At post
operative week 16, defense-focused sparring (practical in
terpersonal drills) began, with additional training focusing 
on eccentric strengthening and overall scapular stabiliza
tion. During this period, the subject also experienced dis
comfort stemming from a history of shoulder injuries, lead
ing to the implementation of a comprehensive 
rehabilitation program including exercises around the 
scapular girdle. At postoperative week 18, the subject tran
sitioned to unrestricted sparring and fully returned to regu
lar competitive training. At postoperative week 24, the sub
ject competed in an official match and achieved competitive 
results comparable to those prior to the injury. 

Quantitative muscle strength evaluation using the ASH 
test commenced at postoperative week 6, after the physical 
therapists confirmed that the subject could perform sub
maximal isometric contractions without pain in three test 
positions: the I-position (maximal shoulder abduction in 
the frontal plane), Y-position (135° of shoulder abduction 
in the frontal plane), and T-position (90° of shoulder ab
duction in the frontal plane). Assessments were conducted 
from postoperative week 6 through week 16, spanning the 
progressive loading phase and early return-to-sport pro
gression. They were generally performed around the middle 
of each postoperative week, although the exact testing day 
varied according to the athlete’s availability and training 
schedule. The week-14 assessment was performed after 
wrestling-specific training had been initiated. No assess
ment was conducted at postoperative week 15 because of 
the subject’s schedule. A detailed summary of the postop
erative rehabilitation progression, including phase-specific 
goals, representative interventions, supervised rehabilita
tion frequency, ASH test findings, and criteria for progres
sion or modification, is provided in Appendix A. Progres
sion was determined based on a combination of pain 
response, shoulder range of motion, exercise tolerance, 
sport-specific task tolerance, and ASH test findings. Final 
return-to-sport clearance was provided by the physician af
ter considering clinical and functional findings. 

OUTCOMES 

METHODS OF ASH TEST MEASUREMENT 

The ASH test was conducted based on the methods de
scribed by Ashworth et al.18 The test was administered by 
a licensed Athletic Trainer with 10 years of clinical experi
ence. All measurements were conducted in a training gym. 
The subject lay prone with the neck in a neutral position. 
Measurements were performed at three upper limb posi
tions: the I-position, Y-position, and T-position (Figure 1). 
The subject placed one hand, with the forearm pronated 
and elbow extended, on a uniaxial portable force plate at 
a sampling rate of 1000 Hz (Hawkin Dynamics, Westbrook, 
Maine, USA). The force plate was zeroed at each test posi
tion prior to data acquisition to ensure measurement accu
racy. 

Prior to the measurements, as a standardized prepa
ration, two submaximal practice trials at approximately 
70–90% of maximal strength were performed for each test 
position, followed by a rest period of at least 30 seconds. 
For the main measurement, three maximal effort trials were 
performed at each position, with at least 30 seconds of rest 
between trials. Measurements were conducted in the order 
of I-position, Y-position, and T-position, starting with the 
contralateral side. The order of test positions was fixed be
cause the ASH test was used as a repeated clinical moni
toring tool during postoperative rehabilitation, and consis
tency across weekly assessments was prioritized to allow 
longitudinal within-athlete comparison. A 1-minute rest 
was provided between test positions. The subject was in
structed to place her hand on the force plate at the desig
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Figure 1. Measurement positions for the Athletic Shoulder (ASH) Test using a uniaxial force plate, with the                
athlete positioned in prone.     

nated elevation angle, remain still for at least 1 second, and 
then push the force plate “as fast and as hard as possible” 
for 3 seconds following the examiner’s “Ready” and “Go” 
commands. If the subject reported discomfort or pain dur
ing warm-up or testing, testing in the painful position was 
discontinued. 

Measurement data were processed using proprietary 
Hawkin Dynamics software. Net peak force (NPF; N), de
fined as the maximal net force after subtracting the weight 
of the upper limb, and net force at 200 ms (NF200; N), de
fined as the net force produced 200 ms after force onset, 
were used as primary outcome measures. The average of 
three trials was taken as the representative value. NF200 
was adopted as an indicator of rapid force production, con
sidering measurement reliability. 

For this report, descriptive statistics were primarily used 
to evaluate the longitudinal changes in a single case. Dif
ferences between the operated and contralateral sides were 
evaluated using the Limb Symmetry Index (LSI), calculated 
as follows: LSI = [(operated side - contralateral side) / (op
erated side + contralateral side)] × 100. Percentage changes 
from the initial measurement at postoperative week 6 to 
postoperative week 11 were calculated as follows: Percent
age changes = [(value at week 11 - value at week 6) / (value 
at week 6)] × 100. The coefficient of variation (CV) was cal
culated as an index of force reproducibility. The CV was 
expressed as a percentage by dividing the standard devia
tion by the mean for NPF and net force values at 50, 100, 
150, 200, and 250 ms, and multiplying by 100. Generally, 
a CV of 10% or less is considered good reliability for mus
cle strength measurement.20 For each measurement item, 
the CV value over the entire measurement period was cal
culated and reported with its 95% confidence interval. Each 
ASH test outcome was used as one component of rehabil
itation progression rather than as a stand-alone criterion. 
NPF was used to monitor recovery of maximal force produc

tion and to guide progression of resistance exercise inten
sity. Position-specific deficits in NPF and NF200 were used 
to guide gradual exposure to training in overhead positions 
and contact drills. NF200 was used to monitor rapid force 
production and to inform the need for plyometric train
ing and reconditioning. As supportive information, LSI was 
used to describe side-to-side differences, whereas CV was 
used to identify inconsistent force production that may re
flect altered neuromuscular control. 

TESTING SCHEDULE AND ADHERENCE 

Quantitative muscle strength assessments using the ASH 
test were performed from postoperative week 6 to week 16. 
However, from postoperative week 12 onward, due to shoul
der discomfort related to the subject’s previous history of 
shoulder injuries, some measurements were discontinued, 
particularly in the contralateral Y-position. The ASH test 
measurement results are presented in Table 1 and Figure 2. 

MAXIMAL MUSCLE STRENGTH (NET PEAK FORCE: NPF) 

The contralateral side consistently showed higher NPF val
ues in the order of I-position > Y-position > T-position at all 
measurement time points for which data were available for 
all three positions (Week 6 to Week 16) (Figure 2c). The op
erated side generally showed higher values in the order of 
I-position > T-position > Y-position for most measurement 
weeks. However, the order changed to I-position > Y-posi
tion > T-position at postoperative week 11 and Y-position 
> I-position > T-position at postoperative week 13 (Figure 
2a). 

From postoperative week 6 to week 11, the operated 
side’s maximal muscle strength increased by 28.8% in the 
I-position, 146.4% in the Y-position, and 46.0% in the T-
position. The largest increase was observed in the Y-posi
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Table 1. Longitudinal changes in net peak force (NPF), net force at 200 ms (NF            200), and their respective limb symmetry index (LSI) from postoperative week 6 to 16.               

Net Peak Force Net Force at 200 ms 

Contralateral Operated Contralateral Operated 

Week Mean ± SD CV Mean ± SD CV LSI Mean ± SD CV Mean ± SD CV LSI 

I-position 

6 117.0 ± 19.7 16.8 91.3 ± 4.0 4.4 -12.3 101.0 ± 16.2 16.1 69.3 ± 8.7 12.6 -18.6 

7 126.1 ± 10.1 8.0 106.2 ± 5.6 5.2 -8.6 90.7 ± 6.1 6.7 80.2 ± 6.5 8.1 -6.2 

8 113.5 ± 13.9 12.2 90.1 ± 14.8 16.4 -11.5 95.5 ± 5.6 5.9 61.1 ± 6.8 11.1 -21.9 

9 117.3 ± 12.3 10.5 103.7 ± 17.0 16.4 -6.2 86.3 ± 8.0 9.3 77.7 ± 13.8 17.7 -5.3 

10 118.9 ± 13.2 11.1 110.0 ± 11.5 10.5 -3.9 102.3 ± 3.1 3.1 81.3 ± 8.7 10.7 -11.4 

11 134.4 ± 15.8 11.8 117.6 ± 4.2 3.6 -6.7 108.4 ± 10.7 9.9 103.3 ± 6.2 6.0 -2.4 

12 142.7 ± 19.9 13.9 121.4 ± 5.9 4.8 -8.1 101.7 ± 6.2 6.1 99.4 ± 6.2 6.3 -1.2 

13 N/A 115.2 ± 7.1 6.1 N/A 78.8 ± 20.8 26.4 

14 116.6 ± 22.0 18.9 122.6 ± 4.8 3.9 2.5 89.3 ± 12.1 13.5 94.2 ± 8.0 8.5 2.7 

16 N/A 125.8 ± 10.6 8.4 N/A 102.1 ± 1.4 1.4 

Y-position 

6 94.3 ± 3.5 3.7 47.2 ± 4.2 9.0 -33.3 68.6 ± 2.6 3.7 35.8 ± 7.9 22.0 -31.4 

7 100.4 ± 3.0 3.0 57.3 ± 14.3 24.9 -27.3 72.7 ± 3.1 4.3 35.6 ± 8.2 23.0 -34.2 

8 105.2 ± 10.7 10.1 70.1 ± 2.7 3.8 -20.0 77.2 ± 10.1 13.1 50.5 ± 0.6 1.1 -20.9 

9 108.3 ± 4.1 3.8 87.3 ± 6.2 7.1 -10.7 79.6 ± 10.0 12.5 52.0 ± 9.2 17.6 -21.0 

10 110.3 ± 6.8 6.2 83.1 ± 7.8 9.3 -14.1 84.0 ± 10.7 12.8 48.4 ± 4.9 10.2 -26.9 

11 127.9 ± 6.1 4.8 116.3 ± 6.0 5.2 -4.8 105.2 ± 3.4 3.2 75.3 ± 6.0 8.0 -16.6 

12 N/A 92.6 ± 14.6 15.8 N/A 51.6 ± 5.7 11.1 

13 N/A 117.1 ± 4.1 3.5 N/A 69.8 ± 1.0 1.4 

14 N/A 98.3 ± 16.0 16.3 N/A 54.6 ± 10.1 18.6 

16 N/A 84.7 ± 14.4 16.9 N/A 57.4 ± 7.3 12.7 

T-position 

6 64.9 ± 0.4 0.6 74.1 ± 7.1 9.5 6.7 60.2 ± 4.3 7.1 48.5 ± 10.9 22.5 -10.8 

7 71.1 ± 7.3 10.3 72.2 ± 11.6 16.1 0.8 58.8 ± 4.1 7.0 50.9 ± 3.4 6.6 -7.2 

8 66.5 ± 2.4 3.7 83.8 ± 6.6 7.9 11.5 54.9 ± 2.1 3.9 47.8 ± 7.6 15.9 -6.8 

9 79.2 ± 1.8 2.3 89.8 ± 3.2 3.6 6.3 59.5 ± 2.4 4.0 66.8 ± 5.8 8.7 5.8 

10 81.8 ± 9.2 11.2 93.2 ± 2.8 3.0 6.5 60.1 ± 3.8 6.3 66.5 ± 3.8 5.7 5.1 
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Net Peak Force Net Force at 200 ms 

Contralateral Operated Contralateral Operated 

Week Mean ± SD CV Mean ± SD CV LSI Mean ± SD CV Mean ± SD CV LSI 

11 101.9 ± 4.1 4.0 108.2 ± 6.0 5.6 3.0 83.2 ± 3.4 4.1 85.2 ± 3.7 4.4 1.2 

12 N/A 102.2 ± 5.1 5.0 N/A 74.5 ± 3.9 5.2 

13 N/A 110.5 ± 2.6 2.4 N/A 71.5 ± 5.3 7.4 

14 N/A 106.3 ± 2.8 2.6 N/A 69.0 ± 18.3 26.5 

16 100.0 ± 2.6 2.6 100.8 ± 3.5 3.5 0.4 87.7 ± 7.7 8.8 66.8 ± 6.9 10.3 -13.5 

CV = Coefficient of variation; LSI = Limb symmetry index; SD = Standard deviation; I-position = Maximal abduction; Y-position = 135° abduction; T-position = 90° abduction; N/A = not assessed. LSI (%) was calculated as [(operated side – contralateral side) / (operated side + 
contralateral side)] × 100. LSI values were calculated only for weeks in which measurements were available for both the operated and contralateral sides. 
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Figure 2. Longitudinal changes in net peak force (NPF), net force at 200 ms (NF            200), and their respective limb      
symmetry index (LSI) from postoperative week 6 to 16.          
a. Net peak force (operated): NPF time series for the operated side. b. Net force at 200 ms (operated): NF200 time series (indicator of rapid force production) for the operated side. c. 
Net peak force (contralateral): NPF time series for the contralateral side. d. Net force at 200 ms (contralateral): NF200 time series for the contralateral side. e. Net peak force LSI: LSI 
for NPF, indicating asymmetry. f. Net force at 200 ms LSI: LSI for NF200. 
Negative LSI values indicate lower force on the operated side than on the contralateral side, whereas positive values indicate higher force on the operated side. Error bars in panels a-
d represent the standard deviation (SD). The red line in panels e and f indicates perfect symmetry (LSI = 0%). The I-position represents maximal abduction, Y-position represents 
135° abduction, and T-position represents 90° abduction. 

tion, where the initial force at week 6 was the lowest among 
the three positions. The LSI for NPF at the initial measure
ment (postoperative week 6) was -12.3% in the I-position 
and -33.3% in the Y-position. This improved to -6.7% and 
-4.8%, respectively, by week 11. Notably, in the T-position, 
the operated side had a positive LSI of 6.7% at week 6, indi
cating greater NPF than on the contralateral side, and pos
itive LSI values were maintained throughout the measure
ment period at all time points for which bilateral data were 
available (Figure 2e). After postoperative week 12, the op
erated side’s NPF temporarily decreased across all positions 
but then showed a recovery trend in the I-position at post
operative week 16. 

RAPID FORCE PRODUCTION (NET FORCE AT 200 MS: 
NF200) 

The contralateral side generally showed higher NF200 val
ues in the order of I-position > Y-position > T-position 
across all positions (Figure 2d). In contrast, NF200 values 
on the operated side generally followed a different pattern, 
with the order of I-position > T-position > Y-position (Fig
ure 2b). 

From postoperative week 6 to week 11, NF200 on the op
erated side increased by 49.1% in the I-position (from 69.3 
to 103.3 N), 110.3% in the Y-position (from 35.8 to 75.3 N), 
and 75.7% in the T-position (from 48.5 to 85.2 N), with a 
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particularly large improvement in the Y-position (Table 1, 
Figure 2). At postoperative week 6, the LSI for NF200 was 
-18.6% (I-position), -31.4% (Y-position), and -10.8% (T-po
sition). By week 11, these values had improved to -2.4% (I-
position), -16.6% (Y-position) and 1.2% (T-position) (Fig
ure 2f). Despite the operated side showing higher maximal 
strength (NPF) than the contralateral side in the T-position, 
NF200 on the operated side remained lower than the con
tralateral side until postoperative week 8, improving there
after from week 9. 

MUSCLE STRENGTH CHANGES DURING RETURN TO 
SPORT PROCESS 

After the commencement of wrestling-specific training at 
postoperative week 14, the operated side’s NPF and NF200 
temporarily decreased in some positions. This decrease was 
particularly pronounced in the Y-position, where it reduced 
by approximately 27% (from 116.3 N at week 11 to 84.7 N by 
week 16). However, in the I-position, force production was 
maintained or improved after postoperative week 14, reach
ing its maximal value at postoperative week 16. 

COEFFICIENT OF VARIATION IN FORCE MEASUREMENTS 
(TABLE 2) 

The CV values are shown in Table 2. For NF200, CV values 
for the contralateral side were 8.8% (I-position), 8.3% (Y-
position), and 5.9% (T-position). The CV values for NF200 
on the operated side were 10.9% (I-position), 12.6% (Y-po
sition), and 11.3% (T-position). 

For the contralateral side, all NF200 CV values were be
low the commonly accepted threshold of 10%,20 confirming 
good measurement reliability, and showing better reliabil
ity compared to Net Force at 150 ms. The operated side 
showed higher CV values than the contralateral side in all 
positions, with the largest difference observed in the T-po
sition (5.4% difference: 5.9% vs. 11.3%). 

On the other hand, in NPF, the contralateral side had a 
higher CV value than the operated side in the I-position (I-
position: 12.9% vs 8.0%, Y-position: 5.3% vs 11.2%, and T-
position: 5.0% vs 6.5%). 

DISCUSSION 

This report is the first to quantitatively evaluate the muscle 
strength recovery process during postoperative rehabilita
tion in a female wrestler following pectoralis major recon
struction, using a uniaxial force plate. The use of the ASH 
test allowed for a detailed examination of changes in iso
metric force production characteristics at different shoul
der abduction angles through joint-angle-specific strength 
evaluation. 

CHARACTERISTICS OF MAXIMAL STRENGTH RECOVERY 
AND JOINT ANGLE SPECIFICITY 

Regarding maximal strength (NPF), the contralateral side 
consistently showed higher values in the order of I, Y, and 
T positions throughout the measurement period. In con

trast, the operated side tended to show higher values in 
the order of I, T, and Y-positions, except at postoperative 
weeks 11 and 13. This discrepancy is likely attributable to 
the anatomical characteristics of the pectoralis major and 
the impact of surgical intervention. In this case, no injury 
to the clavicular head was observed, but damage to the ster
nocostal and abdominal heads was identified. Therefore, it 
was hypothesized that recovery of the operated side in the 
Y-position, where the abdominal portion of the pectoralis 
major muscle is easily stretched and shows high activity, 
was delayed because of scar tissue formation and tissue re
pair processes after surgery.4,5 

Interestingly, from the early postoperative stages, the 
operated side demonstrated higher values of maximal 
strength than the contralateral side in the T-position (90° 
abduction). This pattern differs from previous research in 
male athletes reporting an average 10–20% deficit in hor
izontal adduction strength on the surgically treated side.8 

Taken together, this discrepancy suggests that, in this case, 
surgical repair may have modified the length–tension re
lationship of the pectoralis major across different abduc
tion angles, thereby altering angle-specific force produc
tion. Similar angle-specific changes have been reported 
after Achilles tendon repair, where persistent end-range 
weakness has been observed.21 

From a clinical perspective, limb symmetry in maximal 
strength improved substantially by postoperative week 11, 
with limb symmetry indices of -6.7% in the I-position and 
-4.8% in the Y-position. Particularly in the Y-position, 
there was a marked improvement from -33.3% at the initial 
evaluation, indicating that approximately 11 weeks were 
required for meaningful restoration of horizontal adduction 
strength symmetry after surgical repair. However, because 
the initial Y-position value was the lowest among the three 
test positions, the magnitude of improvement may partly 
reflect recovery from initially pain-inhibited or apprehen
sion-limited force production rather than a position-spe
cific strength adaptation alone. 

RAPID FORCE PRODUCTION RECOVERY AND 
NEUROMUSCULAR FUNCTION 

In this study, NF200, which exhibited stable CV values on 
the contralateral side across all test positions, was adopted 
as an indicator of rapid force production. (Net Force at 150 
ms; I: 11.4%, Y: 9.3%, T: 8.6%, NF200; I: 8.8%, Y: 8.3%, 
T: 5.9%) From a physiological perspective, it is important 
to understand the changes in factors influencing force pro
duction over time. Generally, early time points in force 
production (around 0-100 ms) are strongly influenced by 
neural factors (motor unit recruitment patterns and firing 
frequency), while later time points (after 200 ms) are more 
strongly influenced by maximal strength components.22,23 

It is plausible that the 150 ms time point showed greater 
variability due to the strong influence of neural factors, 
while the 200 ms time point yielded more reliable results 
due to a more stable balance between neural and muscular 
factors. 

The recovery pattern of NF200 showed distinct charac
teristics compared to maximal strength. Particularly in the 
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Table 2. Coefficient of variation (CV) and 95% confidence intervals (CI) for force measurements on the operated                
and contralateral sides.    

Position Side Net 
Peak Force 

CV (95% 
CI) 

Net Force 
at 50 ms 
CV (95% 

CI) 

Net Force 
at 100 ms 
CV (95% 

CI) 

Net Force 
at 150 ms 
CV (95% 

CI) 

Net Force 
at 200 ms 
CV (95% 

CI) 

Net Force 
at 250 ms 
CV (95% 

CI) 

I-position 
Operated 

8.0 
(4.9-11.0) 

21.9 
(18.3-25.6) 

14.1 
(10.4-17.8) 

13.3 
(9.3-17.4) 

10.9 
(6.5-15.2) 

9.6 
(5.5-13.8) 

Contralateral 
12.9 

(10.5-15.3) 
23.0 

(15.8-30.2) 
10.7 

(5.9-15.5) 
11.4 

(7.9-15.0) 
8.8 

(5.8-11.8) 
9.7 

(5.3-14.1) 

Y-position 
Operated 

11.2 
(6.8-15.5) 

25.9 
(11.5-40.3) 

12.7 
(10.7-14.8) 

9.6 
(7.7-11.4) 

12.6 
(7.8-17.4) 

10.6 
(6.0-15.1) 

Contralateral 
5.3 

(3.2-7.4) 
20.9 

(13.3-28.5) 
12.6 

(7.7-17.4) 
9.3 

(6.0-12.7) 
8.3 

(4.3-12.3) 
7.3 

(4.8-9.9) 

T-position 
Operated 

6.5 
(6.3-6.7) 

23.0 
(11.0-35.0) 

19.9 
(8.9-30.9) 

11.9 
(5.1-18.7) 

11.3 
(6.5-16.1) 

9.2 
(5.2-13.3) 

Contralateral 
5.0 

(1.9-8.0) 
17.1 

(10.2-24.0) 
10.5 

(5.1-15.9) 
8.6 

(5.1-12.1) 
5.9 

(4.5-7.3) 
4.0 

(2.1-5.8) 

CV = Coefficient of variation; CI = Confidence interval; I-position = Maximal abduction; Y-position = 135° abduction; T-position = 90° abduction. Measurement time points are indi
cated in milliseconds (ms). 

Y-position, while the limb symmetry for maximal strength 
improved to -4.8% at week 11, the LSI for NF200 remained 
at -16.6%. Moreover, in the T-position, despite the operated 
side exceeding the contralateral side in maximal strength, 
the NF200 on the operated side remained lower until week 
8. It is suggested that not only muscle mass and strength, 
but also neural factors such as motor unit synchronization, 
reciprocal inhibition regulation, and intermuscular coordi
nation play crucial roles in rapid force production.22 There
fore, in this case, changes in neuromuscular control due 
to pain or anxiety at the surgical site, or central nervous 
system maladaptation due to prolonged activity restriction, 
may have impaired the ability to produce force in short 
durations. The improvement rates of NF200 from postop
erative week 6 to week 11 were 49.1% in the I-position, 
110.3% in the Y-position, and 75.7% in the T-position, with 
particularly large improvements in the Y- and T-positions. 
This indicates a gradual recovery of rapid force production 
ability in stretched positions, suggesting the importance of 
joint-angle-specific training. 

FORCE REPRODUCIBILITY ON CONTRALATERAL AND 
OPERATED SIDES 

An important finding was the clear difference in CV values 
for NF200 between the contralateral and operated sides. 
The contralateral side showed CV values below 10% across 
all positions (I: 8.8%, Y: 8.3%, T: 5.9%), whereas the op
erated side showed values above 10% in all positions (I: 
10.9%, Y: 12.6%, T: 11.3%). The T-position showed the 
largest difference, with 5.9% on the contralateral side ver
sus 11.3% on the operated side. Factors such as discomfort 
during tissue repair, fear of re-injury, changes in proprio
ception, and non-uniformity of tissue repair may have im
paired force production on the operated side, consequently 
leading to decreased force reproducibility.24,25 Evaluating 
not only maximal force production but also force repro
ducibility is crucial when returning to sports that require 

repeated submaximal force production. In contrast, NPF 
showed different patterns across positions. While the I-po
sition demonstrated lower CV values on the operated side 
(CV: 8.0% vs 12.9%), the Y-position and T-position showed 
higher values (Y: 11.2% vs 5.3%, T: 6.5% vs 5.0%). This pat
tern suggests that side-to-side differences in force repro
ducibility during NPF may be influenced not only by in
jury status but also by limb dominance and task-specific 
motor control. Ashworth et al. reported low reliability for 
the I-position in the non-dominant upper limb,18 and the 
present findings may reflect a similar tendency in that the 
I-position on the contralateral (often non-dominant) side 
showed greater variability (higher CV) than on the operated 
side. 

CHANGES DURING REHABILITATION AND RETURN TO 
SPORT 

In this case, most measurement values continuously im
proved until postoperative weeks 11 to 13. However, a tem
porary decrease was observed following the initiation of 
wrestling-specific drills at postoperative week 14. This de
cline was most evident in the Y-position, where NPF 
reached its maximal value at postoperative week 13 (117.1 
N) but decreased by approximately 28% to 84.7 N by week 
16. At postoperative week 14, both the Y- and T-positions 
showed decreases in NF200 accompanied by increases in CV, 
indicating reduced force reproducibility.14,15,17 Several fac
tors may have contributed to these changes. First, accu
mulated muscle fatigue due to the increased intensity of 
wrestling-specific training and weight training may have 
impaired force production. Second, the Y-position may 
have been particularly sensitive to this increased loading 
and/or fatigue because the shoulder is placed in an elevated 
position in which the sternocostal and abdominal portions 
of the pectoralis major are likely to be elongated and me
chanically stressed. In addition, shoulder discomfort on the 
contralateral side may have influenced force production 
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on the operated side and in other test positions through 
pain-related neuromuscular inhibition.26,27 From a neuro
muscular perspective, the reduction in early-phase force 
and increased CV likely reflect fatigue-related alterations 
in neural drive to the shoulder musculature. These may in
clude reduced initial motor unit discharge rates, impaired 
recruitment of high-threshold motor units, and disturbed 
intermuscular coordination, which are known determinants 
of early RFD.22,23 Conversely, force production ability in the 
I-position was maintained or improved even after the re
sumption of wrestling-specific training. Owing to the con
sistently high force generated in the I-position, it is pos
sible that fatigue did not substantially affect performance 
in this position. These results highlight the importance of 
continued reconditioning and regular monitoring through 
repeated assessments even after return to sport. 

CLINICAL UTILITY AND PRACTICAL IMPLICATIONS OF 
THE ASH TEST 

The ASH test used in this report can be a useful tool to 
quantitatively evaluate joint-angle-specific muscle 
strength recovery by assessing shoulder extension and hor
izontal adduction strength at three different shoulder ab
duction angles. Although the ASH test is an isometric as
sessment and does not directly replicate the dynamic 
nature of wrestling maneuvers, it may be feasible and easy 
to implement during postoperative rehabilitation because 
it does not require joint movement and allows repeated 
monitoring across multiple shoulder positions. 

Furthermore, in this case, even in the T-position, which 
showed relatively high NPF at the start of measurement, 
the recovery of rapid force production took time. This 
demonstrated the importance of evaluating short-duration 
force production characteristics through force-time curve 
analysis, not just maximal strength. Additionally, since 
there were differences in the recovery processes of maximal 
strength and rapid force production, and recovery patterns 
varied depending on the shoulder abduction angle, evalu
ation in postures resembling those used in sport-specific 
movements and progressive training are recommended. 

LIMITATIONS 

This case report has several limitations. First, the construct 
validity of the ASH test should be considered. Although 
the ASH test was selected because its test positions involve 
shoulder extension and horizontal adduction, which are 
relevant to pectoralis major function, the test may reflect 
integrated shoulder girdle function, including contribu
tions from the rotator cuff, deltoid, latissimus dorsi, and 
scapular stabilizers rather than isolated pectoralis major 
function. Because the present athlete had a history of bi
lateral shoulder injuries and discomfort in the contralateral 
shoulder during rehabilitation, and because no pre-injury 
baseline data or additional assessments related to the pre
vious shoulder injuries were available, the influence of 
these factors could not be distinguished from the effects of 
recovery from pectoralis major repair. Second, LSI values 
should be interpreted cautiously. Although the contralat

eral side was used as the reference limb, it may not have 
represented a healthy and unaffected comparator. After 
postoperative week 12, some measurements could not be 
completed because of shoulder discomfort. Consequently, 
LSI values should not be interpreted as definitive indicators 
of recovery. Third, pain and fear may have limited testing 
in this study. During the initial monitoring phase, force 
was produced only within self-tolerated pain levels, such 
that the values may not represent true maximal muscle 
strength. Strength data in the initial monitoring phase 
should be interpreted cautiously. Furthermore, even after 
the resumption of wrestling-specific training, pain in the 
ASH test positions occasionally prevented measurement, 
including on the contralateral side, suggesting inadequate 
glenohumeral centration in elevated positions. These find
ings highlight the need to confirm adequate shoulder func
tion before the ASH test and to manage risk during testing. 
Fourth, this report did not include patient-reported out
comes or detailed training-load monitoring data. Measures 
such as pain, perceived shoulder function, confidence, fear 
of re-injury, and internal and external training load would 
have strengthened the clinical interpretation of the force-
plate data and helped inform return-to-sport decision mak
ing. In addition, this report focused primarily on NPF, 
NF200, and CV. Other force-plate-derived variables, such 
as time to peak force, impulse, and force at earlier time 
points, may provide additional information regarding neu
romuscular recovery; however, their reliability and physio
logical meaning during the ASH test after pectoralis major 
repair require further investigation. Future studies should 
combine force-plate assessment with patient-reported out
comes and load monitoring, and should include larger sam
ples and complementary assessments, such as electromyo
graphy, to better inform return-to-sport decision-making. 

CONCLUSION 

This case report is the first to quantitatively evaluate the 
characteristics of muscle strength and neuromuscular re
covery, focusing on both maximal isometric strength and 
rapid isometric force production, during the return-to-
sport process after pectoralis major repair in a female 
wrestler. The results indicated that (1) the recovery 
processes of maximal strength and rapid force production 
differed, (2) recovery patterns varied specifically depending 
on the shoulder abduction angle, and (3) a temporary de
crease in strength occurred after the resumption of 
wrestling-specific training. 

In the current athlete, repeated ASH testing appeared 
to support clinical monitoring by detecting changes across 
different shoulder positions and in the timing of force pro
duction that were not fully reflected by maximal strength 
alone. These findings suggest that monitoring rapid force 
production and position-specific shoulder force may have 
been useful during this individual return-to-sport process. 
Future studies with larger samples are needed to determine 
whether force production characteristics differ according to 
sex and sport. 
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