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Abstract

Objectives: To assess intra-session reliability of isometric and isotonic shoulder external
rotation (ER) strength tests and to compare their outcomes. Methods: Thirty-eight healthy
subjects (19 females; 19 males; 25.7 ± 6.0 years; 175 ± 9 cm; 70.3 ± 11.4 kg) completed
a shoulder ER strength assessment including Prone and Standing ER Isometric tests and
Seated 5 repetition maximum (RM) ER tests. Normality was checked with the Shapiro–
Wilk test. Reliability was assessed using the CV and ICC (3, k, 95% CI). Linear mixed
models examined sex and dominance effects. Correlations and multiple regression tested
associations between tests (p < 0.05). Results: All tests performed displayed “excellent”
reliability scores (CV from 1.9 to 3.1% and ICC from 0.970 to 0.994). No significant effect of
dominance was observed in any strength test. Males showed significantly higher values
than females in both Prone (3.8% higher, p < 0.001) and Standing (2.7% higher, p = 0.003)
isometric ER strength tests. Prone and Standing isometric tests were moderately correlated
(r = 0.62, 95% CI [0.46, 0.74], p < 0.001). A regression model explained 52.4% of the variance
in Seated 5 RM ER strength (R2 = 0.524, p < 0.001), with Prone isometric strength emerging
as a significant predictor (β = 0.612, p < 0.001). Conclusions: This study provides previously
unreported 5 RM shoulder ER strength values in healthy adults, with all included tests
showing excellent reliability. Isometric measures did not fully capture isotonic ER strength.
Males outperformed females in isometric tests, but no gender difference was observed in
Seated 5 RM strength.

Keywords: rotator cuff; repetition maximum; assessment; performance

1. Introduction
High-velocity overhead actions used in sports such as tennis, baseball, softball, Ameri-

can football, javelin, and volleyball share similar biomechanical demands, requiring refined
technique to coordinate force generation across multiple body segments. Force is generated
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from the ground and transferred through the lower limbs and trunk to the upper limb,
where the rotator cuff muscles assist in funneling forces through the glenohumeral joint
and subsequently decelerating the throwing arm [1,2]. For example, in nationally ranked
French tennis players, peak shoulder medial rotation velocity during fast serves reached
approximately 1604 degrees/s at ball contact [3]. Weakness of the shoulder external rotator
(ER) cuff muscles has been identified as a potential intrinsic risk factor for the development
of shoulder injuries (i.e., rotator cuff and biceps tendinopathies, labral lesions, and acromio-
clavicular joint pain) in overhead athletes [4,5]. Furthermore, ER strength deficits have
also been associated with shoulder pain in athletic and non-athletic populations [4,6–12].
Accurate quantification of shoulder ER strength is also essential for determining readiness
to return-to-sport following shoulder stabilization procedures [13]. Healthcare and exercise
professionals have adopted a variety of strength assessment modes and positions (i.e.,
manual muscle testing, force plates, isokinetic, and hand-held dynamometer [HHDs]) to
determine the magnitude of shoulder strength [14–18]. Among these, isokinetic shoulder
ER strength assessment can provide a reflection of rotator cuff muscular performance
throughout the entire range of motion, including reports of rotational torque at angles
of clinical interest (e.g., inner and outer ranges) [19]. HHDs have been demonstrated
to be reliable and valid tools to measure shoulder strength at specific shoulder rotation
angles [20,21], as well as the measurement of isometric strength, with the latter being highly
correlated (r > 0.8) with isokinetic dynamometry testing [22,23]. Owing to cost and time
restraints, isokinetic dynamometry may not be available to most clinicians; thus, HHDs
could provide an appropriate alternative. Currently, their adoption among healthcare
professionals remains limited [24,25], with more research required to validate this form of
assessment.

Dynamic strength assessment using repetition maximum (RM) is widely employed
to measure muscular performance across the entire range of motion in various muscle
groups [26], including the shoulder (e.g., bench press). One-repetition maximum (1 RM)
testing has demonstrated “good” to “excellent” reliability and is widely regarded as the
gold standard for evaluating dynamic muscular strength [27]. However, 1 RM assessment
is considered inappropriate for rotator cuff testing for two principal reasons: the smaller
muscle groups involved compared to typical lower body assessments, and the need for
familiarization due to the high load, which further limits its use in clinical settings. There-
fore, for shoulder assessment, multiple RM tests (2–10 RM) are commonly used to estimate
1 RM, with good accuracy when the number of repetitions does not exceed 5 RM [28].
However, to our knowledge, multiple RM (>5 RM) are typically used to prescribe shoulder
ER exercise intensity [29,30], yet their validity for accurately determining ER shoulder
strength remains unexplored. Given that dumbbells are widely available in both sports and
rehabilitation settings [29], this assessment mode could be easily implemented, provided
its validity is established. Despite the widespread use of isotonic ER exercises in both
rehabilitation and conditioning programs, the assessment of dynamic ER strength has not
received sufficient attention compared to isometric or isokinetic assessment modes. A
reliable, low-cost approach to assess ER strength across its entire available range could
offer substantial practical value in rehabilitation and gym environments where access to
specialized equipment is limited.

Different testing positions requiring isokinetic dynamometry or HHD have been used
to measure ER isometric strength in non-athletic cohorts and in overhead athletes presenting
with or without shoulder pain [6,9,14,15,19,31,32]. The Prone and Standing ER positions
(elbow at 90◦ flexion, shoulder at 90◦ and 0◦ abduction, respectively) have been shown to
preferentially recruit rotator cuff muscles [33], providing an accurate reflection of the rotator
cuff maximal voluntary isometric capacity in ER [34]. Overall, ER cuff muscles exhibit
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a direction-specific activity during shoulder ER at 90◦ of abduction [35]. Additionally,
when the arm is fully supported, axioscapular muscle activity is reduced [36]. Therefore,
healthcare and exercise professionals may optimize the assessment of ER cuff muscles
by selecting targeted shoulder positions and support conditions, thereby improving test
specificity and enabling a detailed evaluation of shoulder muscle function.

To date, no studies have been conducted with the aim of assessing the reliability of
isotonic shoulder ER strength testing using RM throughout the entire range of motion. Fur-
thermore, it remains unclear whether this test modality can be considered interchangeable
with isometric strength assessments. Therefore, further investigation into these assess-
ment procedures is warranted to enhance understanding both in clinical and performance
prospectives. Hence, this study aimed to (1) assess intra-session reliability scores of Prone
and Standing isometric ER strength tests as well as Seated 5 RM ER strength test with
the arm supported; (2) compare the outcomes of isometric and 5 RM strength testing
procedures; and (3) report scores of each test for the dominant and non-dominant arm in a
mixed-gender healthy population. To our knowledge, no prior studies have comprehen-
sively evaluated these outcomes, representing a novel approach that may bridge the gap
between training practices and clinical assessment needs.

2. Materials and Methods
2.1. Experimental Design

This cross-sectional observational study assessed intra-session reliability and examined
the relationships between isometric and isotonic shoulder ER strength tests. All subjects
were familiar with the test procedures and completed a standardized warm-up consisting
of 1 min of aerobic training (SkiErg (Concept2, Morrisville, VT, USA)) at 60% of perceived
maximal effort), followed by 10 external glenohumeral ER rotations with elbows kept close
to the body, flexed at 90◦, and wrists in a supinated position. Subsequently, 10 horizontal
plane humeral abductions were performed, starting from a 90◦ flexed position with wrists
also in supination. These warm-up exercises were executed using a 7–12 kg resistance
band at an RPE of 2–3 (Lacertosus® Rubber Power Band RED (mini), Parma, Italy). Finally,
participants performed 10 Seated ER repetitions per shoulder of the isotonic test using a 1 kg
weight [37]. All tests began with isometric assessments, performed first on the dominant
arm and subsequently on the non-dominant arm. Arm dominance was determined as the
preferred upper limb used by the subject to perform a ball-throwing task. The assessment
was conducted under the supervision of an experienced investigator (>10 years using the
stated test methodology).

2.2. Participants

A total of 38 subjects (19 females; 19 males; females: 24.6 ± 6.6 years, 168.5 ± 6.8 cm,
61.4 ± 7.6 kg; males: 26.1 ± 6.5 years, 180.2 ± 5.7 cm, 78.0 ± 7.3 kg [females: six volleyball,
five gym, three swimming, two no regular sport participation, two climbing, one horse
riding, one rugby, one triathlon, one CrossFit, and one athletic; males: five volleyball, three
soccer, three tennis, three gym, two athletic, one basketball, one running, one triathlon,
and one no regular sport participation]) volunteered to take part in this study. The data
were collected during September 2025 at a private rehabilitation clinic in Bergamo (Italy).
Recruitment of subjects was conducted through professional networks. Eligibility criteria
for the study included the following: (1) age between 18 and 40 years, (2) full range of
motion in internal and external shoulder rotation, and (3) absence of pain in the upper
quadrant. Exclusion criteria were as follows: (1) presence of pain in the upper quadrant over
the past three months (e.g., neck, thoracic, shoulder, wrist, and hand pain), (2) neurological
disorders affecting upper limb function (e.g., stroke, peripheral neuropathy, and cervical
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radiculopathy), (3) previous shoulder surgery, and (4) discomfort affecting their ability
to generate force during strength testing. This study was approved by the London Sport
Institute Ethics Committee (ETH2526-0110).

2.3. Procedures
2.3.1. Prone Isometric External Rotation Strength Test

The test was performed in the Prone position with the arm supported at 90◦ of abduc-
tion and neutral rotation. For each test, the subject was asked to perform glenohumeral ER
against resistance applied by the HHD (DynaMo, VALD, Brisbane, Australia). A “make
contraction” was used, and subjects were asked to gradually build their force to a maximum
voluntary effort over a three-second period, then hold the maximal voluntary effort for five
seconds. The examiner kept the HHD two centimeters proximal to the wrist joint line by
matching the force exerted by the participant. Three measurements were collected for each
performance, with a 30 s rest between tests, and the mean score was retained for statistical
analysis. All subjects were verbally encouraged [6,18] (see Figure 1).

Figure 1. Prone isometric external rotation strength test.

2.3.2. Standing Isometric External Rotation Strength Test

The isometric testing was performed in a Standing position with the arm in a neutral
position and the elbow flexed at 90◦. For each test, the subject was asked to perform
glenohumeral external rotation against resistance applied by the HHD (DynaMo, VALD,
Brisbane, Australia), which was fixed against the wall. A “make contraction” was used,
and subjects were asked to gradually build their force to a maximum voluntary effort over
a three-second period, and then hold the maximal voluntary effort for five seconds. The
examiner kept the HHD in place. The pressure (contact) point against the dynamometer,
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on the dorsal face of the forearm was applied two centimeters proximal to the wrist joint
line. Three measurements were collected for each performance, with a 30 s rest between
tests, and the mean score was retained for statistical analysis. All subjects were verbally
encouraged (see Figure 2).

Figure 2. Standing isometric external rotation strength test.

2.3.3. Seated 5 RM External Rotation Strength Test

The Seated 5 RM shoulder external rotation test was performed with the subject Seated
comfortably on a flat bench using a dumbbell. One foot was placed on the bench with the
knee bent, creating a stable base for the testing arm. The subject rested the elbow of the
testing arm on the bent knee. The knee flexion was adjusted to maintain the shoulder at
90 degrees of abduction, and the elbow was kept at 90 degrees of flexion. The trunk was
maintained in a frontal position. To monitor that subjects used the full available rotation
ROM, an iPhone (Apple Inc., Cupertino, CA, USA) with a goniometer app was securely
attached to the athlete’s forearm. To ensure the validity of each repetition, subjects were
instructed to push as fast and hard as they could, achieving full excursion during each

https://doi.org/10.3390/jfmk11010029
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repetition (i.e., full external and internal rotation), while performing the movement in
a controlled manner during the eccentric phase. The investigator dictated incremental
load increases until 5 RM were achieved using the aforementioned technique within two
to four attempts. Each series of repetitions was interspaced with 3–5 min of rest. Once
5 RM were achieved, a second 5 RM measurement was collected. The 5 RM values were
then normalized to body weight, with the mean score retained for statistical analysis (see
Figure 3).

Figure 3. Seated 5 RM external rotation strength test.

2.3.4. Statistical Analysis

The distribution of the data was checked using the Shapiro–Wilk normality test. De-
scriptive statistics (mean ± SD) for all variables were calculated. Intraclass correlation
coefficients (ICC (3, k)) with their respective 95% confidence intervals (95% CIs), using a
two-way mixed-effects model, were calculated. The coefficient of variation (CV) and its 95%
CI were also calculated. Intra-session reliability scores were categorized as “acceptable” if
the CV was ≤10% [38] and were further categorized as “excellent” if ICC was >0.90, “good”
between 0.75 and 0.90, “moderate” between 0.50 and 0.75, and “poor” < 0.50 [39]. Linear
mixed models were used to assess the effects of gender and dominance (fixed effects) on
strength test scores. Limb was treated as a repeated measure to account for within-subject
dependence. A multiple linear regression analysis was conducted to examine the relation-
ship between Prone and Standing isometric ER strength test and the Seated 5 RM external
rotation strength test. Assumptions for linear regression analysis—including multicollinear-
ity (VIF), independence of residuals (Durbin–Watson), homoscedasticity, and normality of
residuals—were tested and met. To determine the unique contribution of each independent
variable after accounting for the other variables, partial correlations were calculated. The
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model was run using the “Enter” method, which entered all independent variables simulta-
neously. Partial correlation coefficients (r) were computed to assess the unique contribution
of each predictor. The partial correlation for each predictor was interpreted as the propor-
tion of variance in the dependent variable explained by that predictor, after controlling for
the other predictors in the model. Correlation coefficient r were categorized as follows:
0.00–0.19 “very weak”, 0.20–0.39 “weak”, “0.40–0.59 “moderate, 0.60–0.79 “strong”, and
0.80–1.00 “very strong”. Unstandardized coefficients and R2 values were reported. The
magnitude of the relationship based on the value of the coefficient of determination (r2)
was interpreted using the following classification: r2 value of 0.02, 0.13, and 0.26 for small,
moderate, and large effects, respectively [40]. Statistical significance was set at p < 0.05.
All data were entered and organized in Microsoft Excel® 2010, and all statistical analyses,
including descriptive statistics, reliability (CV and ICC), linear mixed models, correlations,
and regression analyses, were conducted using SPSS® (v.25, Chicago, IL, USA). Similar to
previous studies [18,23,31,41], a sample size of 19 subjects was required for a power of 95%
and a significance level of 5%, for an expected ICC of 0.94 and a minimum acceptable ICC
of 0.75 [42].

3. Results
Relative Prone and Standing isometric ER strength and Seated 5 RM ER strength

scores of the dominant and non-dominant limbs, and their respective reliability scores, are
reported in Table 1.

Table 1. Isometric and isotonic external rotation (ER) strength values, along with their respective
reliability scores. This includes mean, standard deviation, and 95% confidence intervals (CIs).

Test

CV (95% CI)
Dominant

Limb

ICC (95% CI)
Dominant

Limb

CV (95% CI)
Non-Dominant

Limb

ICC (95% CI)
Non-Dominant

Limb

Dominant
Limb

(95% CI)

Non-Dominant
Limb (95% CI)

Prone ER
Isometric Test

(kg/kg)

0.24 ± 0.04
[0.23, 0.26]

0.24 ± 0.04
[0.22, 0.25] 2.9 (2.4–3.5) 0.987

(0.978–0.993) 2.7 (2.2–3.2) 0.987
(0.978–0.993)

Standing ER
Isometric Test

(kg/kg)

0.21 ± 0.03
[0.20, 0.22]

0.21 ± 0.03
[0.20, 0.22] 3.1 (2.7–3.6) 0.983

(0.970–0.991) 2.9 (2.5–3.3) 0.984
(0.972–0.992)

Seated 5 RM ER
test (kg/kg)

0.10 ± 0.03
[0.09, 0.11]

0.10 ± 0.03
[0.09, 0.11] 1.9 (1.4–2.3) 0.997

(0.994–0.998) 1.9 (1.0–2.8) 0.994
(0.989–0.997)

Values are reported relative to body mass (kg/kg), RM (repetition maximum).

3.1. Dominance

No significant effect of limb dominance was observed in any of the strength tests
performed.

3.2. Gender

For the Prone isometric ER strength test, there was a significant effect of gender
(F(1, 36.005) = 12.832, p < 0.001), with a mean difference of 0.038 (3.8%) (SE = 0.010, 95% CI
[0.016, 0.059], p < 0.001) in favor of males. For the Standing isometric ER strength test, there
was a significant effect of gender (F(1, 36.000) = 10.051, p = 0.003), with a mean difference of
0.027 (2.7%) (SE = 0.009, 95% CI [0.010, 0.044], p = 0.003) in favor of males.
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3.3. Correlation Between Isometric Tests

Prone and Standing isometric ER strength tests displayed a moderate significant
correlation (r = 0.62, 95% CI [0.46, 0.74], p < 0.001). Correlations were similar across
males and females and between dominant and non-dominant limbs, with no significant
differences observed.

3.4. Regression Analysis

The overall regression model for Seated 5 RM ER strength was statistically significant
(F(2, 73) = 40.134, p < 0.001, R2 = 0.524), indicating that the model explained 52.4% of
the variance in Seated 5 RM ER strength. Prone isometric ER strength was a significant
predictor of Seated 5 RM ER strength after controlling for the other predictor (β = 0.612,
B = 0.436, p < 0.001, partial r = 0.57). In contrast, Standing isometric ER strength did not
significantly contribute to the model (p = 0.122) when controlling for Prone isometric ER
strength.

4. Discussion
All isometric and isotonic shoulder ER strength tests showed “excellent” intra-session

reliability, with CV ranging from 1.9 to 3.1% and ICC from 0.970 to 0.994. Second, isometric
ER strength assessed in Prone and Standing positions did not fully reflect isotonic ER
strength, suggesting that these measures do not fully capture force production across the
entire available range of motion. Finally, while males demonstrated greater relative iso-
metric strength than females, no gender- or dominance-related differences were observed
in Seated 5 RM ER strength. The consistently “excellent” reliability observed across all
measures supports their appropriateness for both research and applied practice Our results
for the isometric strength tests were similar to those reported in the literature [14,18], with
Bettariga et al. [18] assessing healthy adult recreational athletes, and Cools et al. [14] pro-
viding reference values for overhead athletes, including competitive swimmers, volleyball
players, and tennis players. Our isotonic ER strength assessment using the Seated 5 RM
ER strength test revealed “excellent” reliability scores in line with current evidence on RM
testing [26–28]. Clinically, given the availability of dumbbells in sports and rehabilitation
settings, this test could be adopted to assess ER strength for injury prevention strategies or
to monitor recovery of the ER cuff muscles during rehabilitation.

To our knowledge, this was the first study that compared isometric ER strength tests
using HHDs and an isotonic ER strength test using dumbbells. The findings suggest that
the Prone and Standing isometric ER strength measures do not comprehensively represent
shoulder ER strength throughout the available range of motion. Therefore, reliance solely on
isometric measures for evaluating shoulder ER strength in performance and rehabilitation
contexts should be approached with caution. Indeed, the Prone and Standing Isometric ER
strength tests predicted around half of the variance in the Seated 5 RM ER strength scores
and were only moderately correlated with each other. This moderate correlation may be
attributed to different levels of ER cuff activity at different abduction angles. Greater levels
of activity of all portions of the infraspinatus and supraspinatus are recorded during ER
exertions at greater abduction angles in comparison with the neutral arm position [34,43],
which may explain why the Prone position, with the shoulder supported, better predicts
dynamic ER strength than the Standing position. These biomechanical variations highlight
why ER strength assessed at only one position may not accurately reflect performance in
others. Consequently, these tests should not be considered interchangeable, and relying
solely on isometric measurement of shoulder ER may lead to an overestimation of force
production capacity across the available range of motion. This finding is of clinical relevance
for practitioners dealing with overhead athletes and shoulder rehabilitation. Isometric
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assessments are widely used due to their tightly controlled application of force at specific
joint angles, their ability to develop greater force than concentric contractions and their
excellent reliability in assessing and tracking force production [44]. However, the findings
of our study indicate that isometric testing performed at a single-joint angle does not
completely correlate with results obtained from alternative isometric testing positions.
Importantly, this approach alone is insufficient for a comprehensive assessment of shoulder
function, as it is essential to consider multiple points throughout the range of motion
(e.g., inner and outer ranges). This is analogous to isometric assessments performed
with a stabilized dynamometer at 90◦, 60◦, and 30◦ of knee flexion from full extension in
patients following anterior cruciate ligament reconstruction, which are necessary to fully
characterize quadriceps strength [45]. The Seated 5 RM ER strength tests, as applied in this
study to healthy individuals, may serve as a method to support injury prevention strategies
and to evaluate full recovery in individuals with a history of shoulder disorders. Isometric
assessments should be considered when pain interference across part of the available range
of motion masks shoulder ER force generation capacity, or when longitudinal monitoring
of force production at a specific joint angle is required. For example, at four and six
months following glenohumeral joint stabilization surgery, male contact and collision
athletes still exhibited significant isokinetic ER strength deficits at 90◦ of abduction [46].
These deficits were even more pronounced at the inner range of ER [46], suggesting that
overall ER strength assessments could be complemented by targeted isometric testing
to better detect residual deficits. Overall, multi-angle assessment approaches provide a
more comprehensive evaluation of shoulder ER function, allowing clinicians to identify
range-specific weaknesses that may be overlooked when relying on a single testing position.

Across the strength tests included in this study, no differences in arm dominance
were found, in line with previous studies in healthy adults [15,47]. This aligns with our
sample characteristics, as participants were not predominantly overhead athletes. In such
population, greater values in the dominant arm can be expected [14]. Males showed greater
relative values than females in isometric tests, but no difference in strength was reported
in the Seated 5 RM strength test. Previous research has indicated strength levels varying
significantly between men and women in Prone isometric ER strength [15], and thus
achievable benchmarks may wish to reflect gender differences. Our data were collected in
a relatively young, healthy population, with scores close to those of similar cohorts and
consistent with reference values reported for recreational and overhead athletes, including
swimmers, volleyball players, and tennis players [15,18]. Future normative datasets may
benefit from stratifying values by gender, training background, and primary sport.

Our data were limited to relatively young, healthy adults, and no subjects with
shoulder injuries or clinical pathologies were included. Therefore, generalization of these
results to clinical populations requires caution, and further studies assessing shoulder ER
force generation capacity using RM across different shoulder pathologies and recovery
stages are needed. The tests included in this study were limited to movements involving
ER actions. We did not consider internal rotation and multi-joint strength tests (e.g., bench
press), which are important characteristics for intra-limb symmetry and global upper limb
force generation capacity and could thus be considered for future studies. Additionally,
our subjects practiced a range of sports, not all of which impose substantial demands on
the shoulder, introducing potential variability in rotator cuff force production that should
be considered when interpreting these findings. Finally, only intra-session reliability was
assessed, and inter-session reliability remains untested.
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5. Conclusions
The findings of the current study provide previously unreported relative dynamic

shoulder ER strength scores using 5 RM in healthy adults. All isometric and isotonic tests
performed displayed “excellent” reliability scores. The Prone and Standing isometric ER
strength measures do not fully reflect shoulder ER strength throughout the available range
of motion. Males showed greater relative values than females in isometric tests, but no
difference was found in the Seated 5 RM strength test. No difference was found according
to arm dominance. Future studies should examine these tests in clinical populations and
define return-to-sport benchmarks.
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