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Background: Gymnastics is a demanding sport that places unique forces on the upper extremity. The repetitive nature of the sport
and the high-impact forces involved may predispose the gymnast to overuse injuries. Risk factors for injuries in gymnastics are not
well understood.

Purpose/Hypothesis: The purpose of this study was to ascertain whether preseason upper extremity range of motion (ROM) and
strength differ between National Collegiate Athletic Association (NCAA) Division I collegiate gymnasts who sustain an in-season
upper extremity injury and those who do not. We hypothesized that gymnasts who sustain an upper extremity injury would
demonstrate reduced ROM and strength compared with noninjured gymnasts.

Study Design: Cohort study; Level of evidence, 3.

Methods: Over 4 seasons, from 2014 to 2018, a total of 15 female NCAA Division I collegiate gymnasts underwent preseason
upper extremity ROM (shoulder: flexion, internal and external rotation; elbow: extension; wrist: extension) and strength (shoulder:
internal and external rotation, and middle and lower trapezius) testing. Overuse upper extremity injuries were tracked in each
subsequent season. Gymnasts were dichotomized into injured and noninjured groups, and a 2� 2 analysis of variance was used to
measure differences in preseason measures between the groups as well as within arms (injured vs noninjured arm for the injured
group; dominant vs nondominant arm for the noninjured group).

Results: A total of 12 overuse upper extremity injuries (10 shoulders; 2 wrist/forearm) occurred during 31 gymnast-seasons. There
were no significant interactions for preseason ROM and strength measurements between groups (injured vs noninjured) or within
arms (injured and noninjured arm for the injured group; dominant and nondominant arm for the noninjured group; P ¼ .07).

Conclusion: Preseason upper extremity ROM and strength were not different between gymnasts who sustained an in-season
upper extremity overuse injury and those who did not. It is possible that ROM and strength measures used to screen other
overhead athletes may not capture the unique features and requirements of gymnastics. Further, it may be challenging
to discern differences in clinical measures of ROM and strength in gymnastics populations owing to the bilateral nature of
the sport.
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In women’s collegiate gymnastics, injuries occur at an
average rate of 9.22 injuries per 1000 hours of athlete expo-
sure.18 Elite gymnasts train 21 to 37 hours per week before
attending college; therefore, it is not surprising that they
experience more severe injuries than their novice counter-
parts.12,14,27 The greatest incidence of injury occurs in
female gymnasts between 18 and 19 years old, an age range
that encompasses most collegiate teams.12,27 Compared to
other sports, gymnastics has the highest overuse injury
rate, with up to 44% of injuries being attributed to

overuse.10 The alarmingly high rate of injury is often over-
looked in gymnastics.10

Gymnasts will encounter 102 to 217 weightbearing
impacts on the upper extremity during a single training
session.7,8 Forces on the wrist and elbow can reach 2 to
5 times body weight per contact.7,8 The repetitive nature
of the sport and the high impact forces predisposes the
gymnast to overuse injuries.3 From 20% to 30% of all
injuries occur in the upper extremity, with the wrist
accounting for the most injuries and the shoulder
having the highest rate of overuse injuries.18,27,29 Addi-
tionally, it is estimated that up to 85% of gymnasts expe-
rience wrist pain and 60% report shoulder pain during
their career.8,33 Ligament sprains, tendinopathies, and
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musculotendinous strains are the most commonly diag-
nosed injuries, with 30% to 44% occurring because of
overuse.10,18,27,29

Previous studies6,11,17,23,28,30 in overhead athletes dem-
onstrated an association between preseason range of
motion (ROM) and strength measures and in-
season upper extremity injuries. Considering the high
forces on the upper extremity, it is possible that impair-
ments in ROM and strength may alter the load distribution
within the upper extremity joints, thus predisposing gym-
nasts to injury,8,16 but prospective studies are lacking.
Therefore, the purpose of this study was to ascertain
whether preseason upper extremity ROM and strength dif-
fer between National Collegiate Athletic Association
(NCAA) Division I collegiate gymnasts who sustain an in-
season upper extremity injury compared with those who do
not. Similar to studies in overhead athletes, we hypothe-
sized that gymnasts who sustain an upper extremity injury
would demonstrate reduced ROM and strength compared
with noninjured gymnasts.

METHODS

Participants

This institutional review board–approved study included a
prospective cohort of athletes from the 2014 to 2018 Uni-
versity of Florida women’s gymnastics team (NCAA Divi-
sion I). At the time of recruitment, athletes had to be
healthy and free of injuries that precluded full participation
in gymnastics-related activities. Athletes were excluded if
they (1) were unwilling to have strength and ROM mea-
sured and (2) reported any recent injury or surgery before
the start of testing.

Procedure

All athletes were tested preseason before the start of the
subsequent collegiate competitive season. If a gymnast par-
ticipated in multiple years of preseason testing, each sea-
son was considered a separate player-season. Baseline
characteristics, including age, height, weight, position/
event, and arm/hand dominance, were obtained for each
gymnast. Preseason screening tests were chosen based on
relevance to overhead requirements in gymnastics

tumbling and swinging skills, as well as previous utiliza-
tion in preseason screening of overhead athletes. As further
described later, upper extremity ROM was measured bilat-
erally through a single passive goniometric measurement.
Passive ROM was recorded at the point in which tissue
resistance (ie, end feel) was first felt but normal joint
arthrokinematics was still maintained. Upper extremity
strength was measured bilaterally using an electromechan-
ical (Biodex System 3; Biodex Medical Systems Inc) or a
handheld dynamometer (Hoggan Scientific LLC). Partici-
pants were asked to perform 1 maximal muscle contraction.

Range of Motion

Shoulder flexion was measured using a goniometer with
participants lying supine. One tester stabilized the scapula
and passively moved the shoulder joint to the end of the
available glenohumeral joint ROM. A second tester placed
the stationary arm of the goniometer parallel to the table
and the moving arm parallel to the shaft of the humerus
toward the lateral epicondyle. The axis of rotation was infe-
rior and lateral to the acromion process. This method has
an excellent intraclass correlation coefficient (ICC) of
0.87.24,25

Shoulder external rotation and internal rotation were
measured using a goniometer with participants lying
supine, with the testing shoulder abducted to 90� and the
elbow flexed to 90�. One tester used a C-shaped grasp with
fingers around the posterior scapula and coracoid anteri-
orly to stabilize the scapula. The shoulder was then pas-
sively moved to the end range of glenohumeral joint
external and internal rotation. The second tester placed the
stationary arm of the goniometer perpendicular to the table
and the moving arm parallel to the posterior shaft of the
ulna toward the ulnar styloid. The axis of rotation was
through the olecranon. This method has a good ICC of
0.88 and 0.43 for external and internal rotation,
respectively.24,25

Elbow extension was measured using a goniometer with
the athletes lying supine. A rolled towel was placed under-
neath the distal humerus; the forearm was fully supinated
with the palm facing the ceiling. One tester stabilized the
anterior shoulder while passively extending the elbow until
the end feel was perceived. A second tester placed the sta-
tionary arm of the goniometer parallel to the humeral shaft
and the moving arm parallel to the posterior shaft of the
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ulna toward the ulnar styloid. The axis of rotation was
through the lateral epicondyle of the elbow. This method
has an excellent ICC of 0.92.24,26

Wrist extension was measured using a goniometer with
the athletes lying supine. A rolled towel was placed under-
neath the distal humerus; the forearm was fully supinated
with the palm facing the ceiling. One tester stabilized the
distal forearm while passively extending the wrist until the
end of wrist joint extension ROM (the point where end feel
is perceived). A second tester placed the stationary arm of
the goniometer parallel to the ulnar shaft toward the
medial epicondyle and the moving arm parallel to the shaft
of the fifth metacarpal. The axis of rotation was through the
lateral triquetrum. This method has a good ICC of 0.80.19,24

Strength Testing

Shoulder internal and external rotation strength was mea-
sured using the isokinetic dynamometer. Athletes were
positioned according to manufacturer recommendation
with the arm slightly abducted. The height of the isokinetic
device was adjusted between each gymnast to achieve a
neutral anatomic resting position of the shoulder. The fore-
arm was secured in neutral rotation with a Velcro strap.
The tester instructed the gymnast to perform 5 maximum-
effort repetitions in a row of shoulder external and internal
rotation at a speed of 120 deg/s. Shoulder internal and
external rotation strength was measured. These testing
methods have an ICC of 0.60 to 0.95.20

Middle and lower trapezius strength was measured
using the handheld dynamometer (microFET 2) with ath-
letes lying prone. The testing arm was positioned off the
table with the elbow extended. For middle trapezius test-
ing, the shoulder was abducted to 90� and in neutral rota-
tion. For lower trapezius testing, the shoulder was flexed in
the scapular plane with slight external rotation. The tester
first palpated the muscle to ensure the presence of volun-
tary activation. The handheld dynamometer was then
placed just proximal to the distal radioulnar joint. Gym-
nasts were asked to push against the device as hard as they
could for 3 seconds. This method has an excellent ICC of
0.93 to 0.98.2

Elevation in the scapular plane (ie, scaption) strength
was measured using the handheld dynamometer with gym-
nasts seated and feet flat on the floor. The testing shoulder
was flexed to 90� in the scapular plane. The handheld dyna-
mometer was placed just proximal to the distal humerus.
Athletes were asked to push against the device as hard as
they could for 3 seconds. This method has an excellent ICC
of 0.93.2,4

Injury Tracking

The University of Florida athletic training staff tracked
injury data throughout each competitive season using a
secure electronic system (Presagia Sports Pro; Presagia
Sports). A reportable injury was defined as an injury that
(1) restricted the gymnast from at least 1 full practice par-
ticipation; (2) occurred as a result of participation in an
organized collegiate practice or competition; and (3)

required attention from an athletic trainer, physician, or
physical therapist.13 The following descriptive measures
were collected to track injuries: region injured (shoulder,
elbow, wrist), side (dominant, nondominant), medical diag-
nosis, and type (overuse, traumatic). Traumatic injuries
(fractures, dislocations, ligament tears, etc) were excluded
from the analysis because they were less likely to have
occurred as a result of preseason strength or ROM imbal-
ances. Preseason ROM and strength measures were linked
to injuries sustained during that same competitive season.

Data Analysis

Gymnasts were dichotomized into 2 groups based on upper
extremity injury history. Gymnastics performance requires
bilateral contribution of the upper extremity. Therefore,
both noninjured (dominant and nondominant) and injured
(injured and noninjured) sides were considered in the analy-
sis. In the injured group, the side of preseason screening
was matched with the side of the injury. A 2 � 2 analysis of
variance (ANOVA) was used to measure differences in pre-
season measures between groups (injured vs noninjured)
and within arms (injured vs noninjured arm for the injured
group; dominant vs nondominant arm for the noninjured
group). The ANOVA model included a repeated measure on
the within-factor (arms). Results in the ANOVA model were
considered significant if the P value of the interaction
reached .05. Between- and within-group differences were
described using mean differences, 95% CI, and effect sizes
(Cohen d). Only between- and within-group differences
associated with at least moderate (0.5) effect size were con-
sidered for discussion.

RESULTS

Over 4 competitive seasons, 31 gymnasts were approached
for participating in the study. Sixteen gymnasts consented
to participate, but 1 gymnast quit the team during the sea-
son. Injury data for this participant were not available and
was therefore excluded from the analysis. Table 1 shows
the characteristic information for the 15 study participants.
A total of 31 gymnast-seasons were included in the analysis
(Figure 1). These gymnasts sustained 18 injuries to the

TABLE 1
Descriptive Statistics for the Study Participants (N ¼ 15)a

Mean ± SD or No.

Age, y 20.5 ± 0.9
Weight, kg 62.1 ± 8.6
Height, m 1.6 ± 0.06
BMI, kg/m2 24.27 ± 3.5
Hand dominance

Right 11
Left 4

aBMI, body mass index.
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upper extremity: 12 were overuse injuries (10 at the shoul-
der, 2 at the forearm/wrist) (Table 2).

There was no significant group-by-arm interaction for
preseason ROM and strength measurements (P ¼ .07)
(Tables 3 and 4). The between-group differences between
the dominant and injured side that reached at least a mod-
erate effect size were wrist extension ROM (mean differ-
ence [MD] ¼ –8.6 [95% CI, –17.5 to 0.3]; effect size [ES] ¼
0.7), shoulder external rotation ROM (MD ¼ 6.8 [95% CI,
–3.2 to 16.7]; ES ¼ 0.5), and the ratio of shoulder external
rotation to internal rotation strength (MD ¼ –0.06 [95% CI,
–0.14 to 0.03]; ES ¼ 0.5). In the noninjured group, the only
within-arm difference between the dominant and nondom-
inant sides that reached at least a moderate effect size was
shoulder external rotation ROM (mean difference ¼ 8.7
[95% CI, 0.7-16.7]; effect size ¼ 0.6) (Tables 3 and 4).

DISCUSSION

We hypothesized that gymnasts who sustained an upper
extremity injury during a competitive season would dem-
onstrate reduced preseason ROM and strength measures.
Our findings did not confirm this hypothesis. It is possible
that ROM and strength measures used to screen other over-
head athletes may not capture the unique features and
requirements of gymnastics. Despite gymnasts having a
dominant side for performing pirouetting and tumbling
skills, a large majority of skills are executed with the use
of both sides in order to develop sufficient power and

rotation.8,16 For this reason, it may be challenging to dis-
cern differences in clinical measures of ROM and strength
in gymnastics populations. Owing to a lack of prospective
studies in gymnastics, several potential differences
between and within groups merit further discussion.

Overhead athletes (baseball, handball, tennis) demon-
strate increased shoulder external rotation ROM in the
dominant shoulder compared with the nondomi-
nant,1,9,15,22,31,32 which is advantageous for throwing and
serving performance. In our study, noninjured gymnasts
demonstrated greater shoulder external rotation ROM
(MD ¼ 8.7 [95% CI, 0.7-16.7]; ES ¼ 0.6) in the dominant
compared with the nondominant side. No study has previ-
ously reported ROM features of elite, collegiate, or youth
gymnasts. Despite gymnastics being a bilateral sport, it is
possible that the increased shoulder external rotation in
the dominant side may provide an advantage when per-
forming skills. Reduced shoulder external rotation ROM
in the throwing arm has also been found in injured cohorts
of professional overhead athletes. Shoulder external rota-
tion deficit of at least 5� in the throwing shoulder is asso-
ciated with a higher risk of injury in professional baseball
pitchers.23 Our results show a similar trend: gymnasts
who sustained an in-season injury had reduced preseason
shoulder external rotation ROM on the injured side (MD¼
6.8 [95% CI, –3.2 to 16.7]; ES ¼ 0.5) compared with the
dominant side of noninjured gymnasts. The small sample
size generated a wide confidence interval and prevented
the performing of a risk analysis. Therefore, future
research is necessary to determine the usefulness of
screening shoulder external rotation ROM in collegiate
gymnasts.

A notable finding was the increase in wrist extension
ROM on the injured side of the injured group compared
with the dominant side of the noninjured group (MD ¼
–8.6 [95% CI, –17.5 to 0.3]; ES ¼ 0.7). McLaren et al21 mea-
sured wrist extension in a weightbearing position in a
group of gymnasts with and without a history of wrist pain.
They found that gymnasts who impacted with greater wrist
extension during a back handspring reported a higher inci-
dence of wrist pain.21 The hyperextended wrist position
during impact may centralize and increase the forces
through the wrist joint.21 Greater wrist extension during
a back handspring is also related to decreased shoulder
flexion upon impact, indicating potential disruption of
energy absorption in the kinetic chain.21 With long training
hours and high repetition over time, this could potentially
contribute to overuse injuries of the upper extremity.5,33

Future studies should investigate whether a weightbearing
measure of wrist ROM can better discriminate between
injured and noninjured gymnasts.

Gymnastics requires a delicate balance between upper
extremity strength and mobility. The gymnast is required
to achieve high levels of strength to land on and take off
repetitively from the hands.8 From a biomechanical stand-
point, lack of strength may generate maladaptive techni-
ques, which can increase stresses on local, proximal, and
distal tissues, as well as joints.8,12,16 The association
between shoulder strength and injury has been reported
across multiple upper extremity sports. Edouard et al11

TABLE 2
Incidence of Upper Extremity Injury by Regiona

n (%) Injury Side (D/ND)

Overuse injuries 12 (67) 5/7
Shoulder

Instability 5 (28) 3/2
Biceps tendinitis 3 (17) 1/2
Rotator cuff tendinitis 2 (11) 0/2

Forearm/wrist
Flexor tendinitis 1 (6) 0/1
Sprain 1 (6) 1/0

aD, dominant; ND, nondominant.

Figure 1. Participant flowchart.
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found that handball players with a shoulder external rota-
tion/internal rotation strength imbalance were 2.5 times
more likely to sustain a shoulder injury. Stickley et al28

showed that volleyball players with a history of shoulder
pathology exhibited decreased eccentric internal rotation and
concentric external rotation strength. Additionally, Wang
and Cochrane30 found that a decrease in shoulder external
rotation strength compared with internal rotation strength
in the dominant arm was associated with shoulder injuries
and pain in elite volleyball players. Similarly, our current
study found increased shoulder external to internal rotation
ratio on the injured side of injured compared with the dom-
inant side of noninjured gymnasts (MD¼ –6% [95% CI, –14%
to 3%]; ES ¼ 0.5). Although the finding was not statistically
significant, monitoring shoulder external and internal rota-
tion strength may be important in gymnasts with a history of
upper extremity injury.

Limitations of this study include the small sample size.
A high percentage of gymnasts did not consent to partici-
pate in this study, which is critical considering that college
gymnastics teams are small (typically 12-15 athletes).
Furthermore, an a priori sample size estimate was not
performed. Standardized and reliable clinical measures
of ROM and strength were used by an experienced inves-
tigator [G.Z.]; however, investigator reliability was not
measured. Joint laxity, which is common in gymnasts, was
not measured. Last, the results are limited to NCAA Divi-
sion I college female gymnasts and cannot be generalized
to other age groups or to male gymnasts.

Future research is needed to determine whether presea-
son screening can identify collegiate gymnasts at risk of
injury. Additionally, this research should be expanded to
include younger age groups and skill levels to determine how
changes in clinical measures vary across the life span. Some

TABLE 3
Range of Motion Results for the Noninjured and Injured Groupsa

Range of Motion
Noninjured Group

(n ¼ 19)
Injured Group

(n ¼ 12)
Mean Difference

(95% CI)b Pc

Wrist extension, deg .22
Dominant/injured arm 62.5 ± 12.0 71.1 ± 11.5 –8.6 (–17.5 to 0.3)

ES ¼ 0.7
Nondominant/noninjured arm 65.6 ± 16.7 67.8 ± 13.5 2.2 (–13.9 to 9.5)

ES ¼ 0.1
Mean difference (95% CI) –3.2 (–10.7 to 4.4)

ES ¼ 0.2
3.3 (–3.4 to 9.9)
ES ¼ 0.3

Elbow extension, deg .89
Dominant/injured arm –7.4 ± 6.5 –8.3 ± 6.3 0.9 (–3.9 to 5.6)

ES ¼ 0.1
Nondominant/noninjured arm –7.8 ± 8.8 –9.3 ± 7.6 1.5 (–4.9 to 7.8)

ES ¼ 0.2
Mean difference (95% CI) 0.4 (–2.7 to 3.4)

ES < 0.1
0.9 (–2.7 to 4.5)
ES ¼ 0.1

Shoulder external rotation, deg .07
Dominant/injured arm 111.1 ± 13.7 102.4 ± 14.5 6.8 (–3.2 to 16.7)

ES ¼ 0.5
Nondominant/noninjured arm 104.3 ± 12.4 107.5 ± 17.8 –5.1 (–17.0 to 6.8)

ES ¼ 0.3
Mean difference (95% CI) 8.7 (0.7 to 16.7)

ES ¼ 0.6
–3.2 (–14.5 to 8.2)
ES ¼ 0.2

Shoulder internal rotation, deg .80
Dominant/injured arm 30.9 ± 5.4 29.0 ± 8.9 1.9 (–3.3 to 7.2)

ES ¼ 0.3
Nondominant/noninjured arm 32.0 ± 5.7 30.6 ± 8.1 1.4 (–3.7 to 6.5)

ES ¼ 0.2
Mean difference (95% CI) –1.1 (–4.0 to 1.9)

ES ¼ 0.2
–1.6 (–4.7 to 1.5)
ES ¼ 0.2

Shoulder flexion, deg .79
Dominant/injured arm 170.5 ± 12.0 166.6 ± 16.1 3.8 (–6.5 to 14.1)

ES ¼ 0.3
Nondominant/noninjured arm 171.7 ± 9.3 167.2 ± 11.4 4.5 (–3.2 to 12.2)

ES ¼ 0.4
Mean difference (95% CI) –1.2 (–4.3 to 2.0)

ES ¼ 0.1
–0.5 (–5.4 to 4.5)
ES < 0.1

aData are reported as mean ± SD unless otherwise indicated. ES, effect size (Cohen d).
bBetween-group difference calculated as (noninjured group � injured group) for each arm.
cInteraction effect.
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gymnasts may be able to compensate for joint laxity with
strength and motor control. However, testing of this hypoth-
esis would require a dedicated research study. Further stud-
ies on the effects of lower extremity ROM and strength on
lower extremity injury are also warranted. With the high
injury rates observed in women’s gymnastics, this informa-
tion may provide insight into injury patterns, training
regimes, and sport-specific adaptations that may affect the
performance and longevity of the gymnast.

CONCLUSION

Preseason ROM and strength are not different between
gymnasts who sustain an in-season upper extremity over-
use injury and those who do not. It is possible that ROM
and strength measures used to screen other overhead ath-
letes may not capture the unique features and require-
ments of gymnastics. Further, it may be challenging to
discern differences in clinical measures of ROM and

TABLE 4
Strength Testing Results for the Noninjured and Injured Groupsa

Strength
Noninjured Group

(n ¼ 19)
Injured Group

(n ¼ 12)
Mean Difference

(95% CI)b Pc

Shoulder external rotation, N�m .89
Dominant/injured arm 10.2 ± 2.9 10.9 ± 3.9 –0.7 (–3.3 to 1.9)

ES ¼ 0.2
Nondominant/noninjured arm 9.8 ± 2.2 10.2 ± 3.5 –0.4 (–2.4 to 1.8)

ES ¼ 0.1
Mean difference (95% CI) 0.3 (–1.1 to 1.6)

ES ¼ 0.1
0.4 (–0.5 to 1.5)
ES ¼ 0.1

Shoulder internal rotation, N�m .85
Dominant/injured arm 17.0 ± 4.4 16.6 ± 4.9 0.3 (–3.3 to 3.8)

ES ¼ 0.1
Nondominant/noninjured arm 16.2 ± 4.8 17.3 ± 5.2 –1.1 (–4.8 to 2.6)

ES ¼ 0.2
Mean difference (95% CI) 0.8 (–0.5 to 2.0)

ES ¼ 0.2
–0.5 (–2.0 to 1.0)
ES ¼ 0.1

Shoulder scaption, kg .08
Dominant/injured arm 4.7 ± 2.1 4.6 ± 1.7 0.1 (–1.4 to 1.6)

ES ¼ 0.1
Nondominant/noninjured arm 4.7 ± 2.2 5.0 ± 1.8 –0.4 (–1.9 to 1.2)

ES ¼ 0.2
Mean difference (95% CI) 0.1 (–0.2 to 0.4)

ES < 0.1
–0.4 (–1.0 to 0.2)
ES ¼ 0.2

Lower trapezius, kg .57
Dominant/injured arm 2.2 ± 1.2 2.2 ± 0.9 –0.3 (–0.9 to 0.8)

ES < 0.1
Nondominant/noninjured arm 2.3 ± 1.2 2.2 ± 0.8 0.1 (–0.8 to 0.9)

ES ¼ 0.1
Mean difference (95% CI) –0.1 (–0.3 to 0.1)

ES ¼ 0.1
<0.1 (–0.3 to 0.3)

ES < 0.1
Middle trapezius, kg .34

Dominant/injured arm 2.4 ± 1.1 2.3 ± 0.9 0.1 (–0.7 to 0.9)
ES ¼ 0.1

Nondominant/noninjured arm 2.3 ± 1.2 2.5 ± 0.8 –0.2 (–1.0 to 0.6)
ES ¼ 0.2

Mean difference (95% CI) 0.1 (–0.3 to 0.4)
ES < 0.1

–0.2 (–0.7 to 0.3)
ES ¼ 0.2

Shoulder external to internal rotation ratio, %d .25
Dominant/injured arm 0.60 ± 0.10 0.66 ± 0.12 –0.06 (–0.14 to 0.03)

ES ¼ 0.5
Nondominant/noninjured arm 0.63 ± 0.11 0.61 ± 0.14 0.02 (–0.07 to 0.11)

ES ¼ 0.2
Mean difference (95% CI) –0.02 (–0.94 to 0.05)

ES ¼ 0.2
0.04 (–0.06 to 0.14)
ES ¼ 0.3

aData are reported as mean ± SD unless otherwise indicated. ES, effect size (Cohen d).
bBetween-group difference calculated as noninjured group � injured group for each arm.
cInteraction effect.
dCalculated as external rotation strength / internal rotation strength for each upper extremity.
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strength in gymnastics populations due to the bilateral
nature of the sport.
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