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Abstract: Background/Objectives: The Athletic Shoulder Test (ASH) has been described
as one of the most promising upper-extremity tests to assess performance in overhead
athletes. Its high reliability rates, short testing period, and applicability in any environment
with portable and cheap equipment have been highlighted as some of the advantages of
the test. However, it has yet to be evaluated in a non-adult athletic population. There-
fore, the aim of this study was to investigate the ASH test’s psychometric properties in a
sample of young tennis players. Methods: A total of 33 adolescent tennis players were
evaluated among two sessions with a week interval. Intra-rater, inter-rater, and test-retest
reliability were investigated. Additionally, possible correlations with measures of rota-
tional shoulder strength and upper-extremity performance were examined. Two novice
physiotherapists performed all the measurements following appropriate training. Results:
The relative reliability scores, as calculated by intraclass correlation coefficient (ICC) in-
dices, were found to be excellent (ICC = 0.924–0.988). Standard error of measurement and
minimal detectable change scores have been estimated per position (SEM = 2.74–7.06 N,
MDC = 7.55–19.42N). Test-retest reliability provided slightly higher SEM and MDC scores
on average (SEM = 3.33–6.47, MDC = 9.32–18.04) than intra-rater and inter-rater reliabil-
ity. Associations between ASH and the two tests were found to be moderate to strong
(r = 0.584–0.856), with the dominant arm providing higher correlation scores (r = 0.605–0.856)
than the non-dominant one (r = 0.584–0.823). Absolute values were collected and are provided
for all three upper-limb tests; normalized values were calculated for ASH and rotational
strength and peak torque only for the ASH measurements. Conclusions: The excellent relia-
bility rates establish the ASH test as a highly recommended testing protocol for adolescent
tennis players.

Keywords: athletic shoulder test; dynamometry; tennis; adolescent; reliability

1. Introduction
Tennis is one of the most popular sports worldwide, with an increasing number of

athletes of different levels and age groups reported to have participated during the last
decades [1,2]. The evolution of the sport in recent years has reshaped the landscape in
terms of the required skills for competition, with excessive physicality ranking among the
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top demands of the sport [3,4]. This could be a major concern for adolescent athletes, as
the increased tendency of early specialization that has been observed during recent years
could have detrimental effects on this population, mainly due to repetitive microtrauma
and overuse injuries [2,5]. The concerning numbers previously been reported indicate an
incidence of 0.2–1.8 injuries per 1000 h of participation, while among different sports injury
rates between 18% and 90% have been identified, with higher-level athletes being more
affected [6,7].

A generic overview of the most common injuries in overhead athletes, such as tennis
players, reveals that adolescents’ and adults’ injuries do not differ significantly, with the
shoulder being affected more commonly than any other joint [8,9]. When looking at the
risk factors that predispose adolescent overhead athletes to injuries, shoulder strength is
considered to be key, as in the adult population [10–14]. In order to identify these deficits
and attempt to prevent possible future injuries, strength testing has been proposed as one
of the cornerstones of assessment [15]. The most commonly performed tests, used either in
isolation or as part of a test battery, have presented mixed results in terms of psychometric
properties, meaning that their clinical application and interpretation should be performed
with caution [15,16]. Additionally, despite being used in athletic adolescent populations,
the investigation of psychometric properties of most tests has taken place only in adult
populations, highlighting a limitation in their spontaneous generalizability among different
sports, levels, and ages [16–18].

According to the Bern Consensus statement in 2022, one of the recommended tests
for the assessment of overhead athletes is the Athletic Shoulder Test (ASH) [15]. This test
was recently described for the first time, by Ashworth et al., as the only test evaluating
upper-quadrant isometric strength in a long lever position, presenting excellent reliability
properties when performed to a group of elite adult rugby players [19]. Among the
advantages of the test, the appropriateness to test positions that reproduce the sport needs,
such as the tackle position, has been reported. Consequently, it could be of relevance for
other sports such as tennis, where strokes like the serve, forehand, and overhead smash
replicate the positions that the ASH test evaluates.

However, to our knowledge, the properties of the ASH test have not been examined
in a young athletic population, offering a window of opportunity to investigate if the
psychometric properties of such a test could be equally promising in an adolescent athletic
population, an age category with very little evidence in terms of the reliability of strength-
testing protocols. Therefore, the primary aim of this study was to investigate the inter-rater,
intra-rater, and test-retest reliability of the test and report preliminary reference data for
a sample of adolescent tennis players. The secondary purpose was to examine possible
correlations between the ASH test and the rotational strength of the shoulder as well as the
Seated Single-Arm Shot-Put Test (SSASPT), two of the most common metrics of strength
and performance, as an indication of concurrent validity.

2. Materials and Methods
2.1. Design and Setting

A sample of convenience, including athletes from a single tennis academy, was used
for the purposes of this cross-sectional study. Based on the previous literature, a minimum
of 19 participants were required according to a priori calculation in order to be able to
detect a moderate reliability score of 0.7 with the significance level set at 0.05 and a power
of 80% [17]. A total of 33 healthy adolescent amateur tennis athletes from Fthiotikos
Tennis Club (Lamia, Greece) volunteered to participate in this study. Measurements were
taken at the local facilities of the Tennis Club between April and June 2023. Explanations
concerning the measurement procedures were provided to both adolescent athletes and
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their parents before signing the informed consent. The study protocol was approved
by the Physiotherapy Department Internal Ethics Committee of University of Thessaly
(328/17-3-2023). All the procedures were conducted according to the Declaration and the
reporting for this observational study is in line with the STROBE guidelines.

2.2. Sample

A total of 17 male and 16 female athletes with a mean age of 12.6 ± 2 years, a mean
height of 1.58 ± 0.13 m, and a mean weight of 52.4 ± 14.6 kg made up the 33-tennis player
sample. In order to be included in the study, athletes had to be practicing tennis for a
minimum of one year and two hours weekly. Exclusion from participation was ensured
in the cases of those currently experiencing symptoms of pain at the upper extremities,
cervical and thoracic spine, previous injuries of the aforementioned body regions, and
systemic diseases. The upper limb used to serve in tennis was defined as the dominant
one, according to which 93,94% of the athletes were right-handed. More details of the
anthropometric characteristics of the sample are presented in Table 1.

Table 1. Demographic and anthropometric data.

Mean Standard Deviation Range

Age (years) 12.6 2 10–17
Weight (kg) 52.4 14.6 25.5–86.2
Height (m) 1.58 0.14 1.32–1.88

Right-Arm Length (cm) 53.1 5 43–65
Left-Arm Length (cm) 52.9 5 42.5–64

Tennis Participation (years) 5.1 2.9 1–9
Training Frequency (hours/week) 3.5 1.8 2–7

Right Left
Dominant Arm (Number/%) 31 (93.9%) 2 (6.1%)

Male Female
Gender (Number/%) 17 (51.5%) 16 (48.5%)

10–13 14–17
Age Group (Number/%) 21 (63.6%) 12 (36.4%)

2.3. Procedure

Two novice junior physiotherapists with fewer than two years of clinical experience
following their bachelor’s degree completion at the University of Thessaly, Greece, were in
charge of the measurements (G.V and G.S). Both of them received training from a senior
physiotherapist (A.P) for the execution of the testing protocols and completed three sessions
of pilot testing to familiarize themselves with the procedures. A third physiotherapist
(M.P) had the role of receiving the demographic and anthropometric data and coordinating
the whole process. Each of the athletes participated in two sessions in order to complete
the testing protocol. During the first session, after the demographic and anthropometric
parameters’ recording, a five-minute standardized warm-up took place. The ASH test was
then performed by the first physiotherapist (G.V), followed by rotator strength (internal
and external) testing and the SSASPT. Between the three testing procedures, a ten-minute
break was given to the tennis athletes to avoid fatigue effects and enable them to restore
maximal strength. During the second session, which was scheduled with a one-week
interval, only the ASH was conducted by the two different physiotherapists (G.V. and G.S.).
This was carried out to assess both the inter-session reliability of the same rater (G.V.) and
the inter-rater reliability between the two novice physiotherapists. The testing sequence
between sides was randomized for all three tests on each occasion, as was the order of the
two raters during the second session.
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2.3.1. Athletic Shoulder Test

The ASH was performed based on the original description of the test by
Ashworth et al. [19]. Standardized instructions were provided to participants for the
testing process, which always started after two submaximal contractions, which enabled
the athletes to familiarize themselves with the procedure. Five-second contractions were
performed during which the maximal force was advised to be produced within the first
two and maintained for three more, while recovery periods of twenty seconds were offered.
Three measurements per position (I,Y,T) and limb were recorded. The K-Force plates (Kin-
vent, Montpellier, France) were used for the conduction of the ASH test, a device that has
been proven reliable for the test itself according to the previous literature [20,21]. In order
to maximize the repeatability of the measurement procedure, fixed points were marked on
the plates in order for the positioning of the hand on the plate to be standardized despite the
upper-limb length differences (Figure 1). We ensured this by marking the point at exactly half
the distance of the plate’s length and placing on it the mid part of the palm (defined as the
mid of the distance between the tip of the middle finger and the radiocarpal joint).
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2.3.2. Shoulder Rotator Strength Test

External and internal rotator muscle strength testing of the tennis athletes took place
according to the protocol described by Cools et al. [17]. Three measurements by side
were used for each of the internal and external strength assessments to record the results
of isometric testing using a ‘make’ test procedure. Again, five-second contractions with
maximal force production within the first two and maintenance for the following three
were adopted, followed by a rest period of twenty seconds. The K-Force Muscle Controller
Handheld Dynamometer (Kinvent, Montpellier, France) was used for the tests, which
were performed in a seated position. Participants sat on a non-arm chair with their back
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supported and their feet flat on the ground at an opening of shoulder width. The upper
limb to be examined was positioned at 90◦ of abduction and 90◦ of external rotation, resting
on a table. The dynamometer was placed two centimeters below the styloid process of
the ulna, either on the dorsal side for the assessment of external rotation (ER) or on the
ventral side for internal rotation (IR). The assessor ensured maximal stabilization of the
participant’s setup through their contralateral hand, upper arm, and trunk. This position
has previously shown excellent reliability, with intraclass correlation coefficient scores
greater than 0.93. Although it scored slightly lower than the prone and supine positions, it
does not appear to be prone to systematic errors [17].

2.3.3. Seated Single-Arm Shot-Put Test

The SSASPT was assessed with participants seated against a wall, resting their back
and head, with their knees fully extended and their arm by their side. The elbow was
flexed so that the hand could maintain the medicine ball at the front of the shoulder, at the
same height as the top of the acromion [22,23]. A standardized command was provided to
‘push the ball as far possible’, clarifying that excessive wrist movement should be avoided.
The medicine ball used for the test weighed 2 kg, as the 6lbs in the initial description of the
test, which equals a weight of 2.72 kg, was not an available option and we decided to use
the lower weight of 2 kg for our adolescent population. The 2 kg medicine ball has also
previously been used as a weight option for the Seated Medicine Ball Throw Test [24]. A
numbered floor tape was placed to facilitate the measurement procedure as the chalk that
covered the medicine ball could leave an easily identifiable print on it. Two submaximal
throws were performed for familiarization purposes, followed by three maximal attempts
per limb with a one-minute resting period between each of the trials. The mean of the three
repetitions was used for the analysis.

3. Statistical Analysis
Descriptive statistics were used to present the demographic and anthropometric data

as means, standard deviations, and ranges (Table). Relative reliability was assessed by
calculating the two-way random effect ICC using absolute agreement (95% confidence
interval) [25]. Inter-rater reliability was assessed by comparing the measurements the two
physiotherapists recorded during the second session. Intra-rater reliability of the ASH
was evaluated on two occasions for the first rater (first and second session) and once for
the second rater (during the second session). Intra-rater reliability was calculated for the
measurements of rotational strength and SSASPT that were recorded by the first rater
during the first session, too. Test-retest reliability for the ASH was assessed by comparing
the measurements of the first rater from the first session with those of the second. The
interpretation of the ICC scores was classified according to the previous literature, as
follows: excellent reliability = values > 0.90; good reliability = values between 0.80 and
0.89; moderate reliability = values between 0.70 and 0.79; fair reliability = values between
0.4 and 0.7; and poor reliability = values < 0.40 [26]. In order to minimize the risk of
having high ICC scores due to intersubject variability despite lacking consistency, absolute
reliability was also assessed through the standard error of measurement (SEM) and minimal
detectable change (MDC). The SEM was calculated as the square root of the within-subject
mean squared error from the repeated-measures analysis of variance, while the MDC
was calculated by multiplying 1.96 ×

√
2 × SEM [27]. Correlations between the ASH

and rotational strength as well as SSASPT were examined with the Pearson Correlation
Coefficient (r). The r values were categorized as weak (<0.40), moderate (0.4–0.69), strong
(0.70–0.89), and very strong (0.9–1) [28]. The Statistical Package for Social Sciences (SPSS,
SPSS Inc., Chicago, IL, USA) version 29.0 was used for the analysis.
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4. Results
The demographic and anthropometric data can be found in Table 1. The ASH test

scores are presented as means and standard deviations for the whole sample, as well as
per gender and age group. Force, normalized torque, and peak torque were calculated per
limb and position (Appendix A). ER, IR, and SSASPT scores are also presented per gender
and age group apart from the whole sample data, with both absolute force and normalized
torque measurements included for the rotational strength measurements (Appendix B). The
intra-rater reliability scores of the aforementioned tests were calculated for the repeated
measurements of the first rater (Appendix B.1). The ER-to-IR ratio was estimated and can
be found in Appendix B.2.

4.1. Intra-Rater Reliability

The scores reflecting the repeated measurements demonstrated excellent reliability
for both raters (Tables 2–4). More specifically, the ICC scores of the first rater ranged
between 0.947 and 0.986 among the different positions of the ASH, while the scores of the
second rater were almost identical (ICC = 0.970–0.983). The absolute reliability scores also
confirm this, since SEM received scores between 3.24 and 7.06 newton and the MDC did not
overcome 19.42 newton. Between the testing positions, ‘I’, which was always tested first,
consistently presented the lower scores among the three. An additional observation was
that the scores were slightly higher during the second session, which could hide a possible
learning effect. Repeated measures of the rotational strength testing and the SSASPT also
revealed excellent reliability rates (Appendix B.1).

Table 2. Intra-rater reliability relative and absolute scores (Rater 1–1st session).

Test Position ICC SEM MDC

Dominant Arm
I 0.947 (0.856–0.974) 7.06 19.42
Y 0.968 (0.933–0.984) 4.12 11.47
T 0.977 (0.957–0.988) 3.43 9.51

Non-Dominant Arm
I 0.974 (0.953–0.987) 4.61 12.75
Y 0.970 (0.953–0.987) 3.63 10.10
T 0.966 (0.939–0.982) 3.82 10.69

Table 3. Intra-rater reliability relative and absolute scores (Rater 1—2nd session).

Test Position ICC SEM MDC

Dominant Arm
I 0.985 (0.971–0.993) 4.22 11.77
Y 0.986 (0.975–0.993) 3.24 9.02
T 0.977 (0.959–0.988) 3.63 10.10

Non-Dominant Arm
I 0.985 (0.972–0.992) 4.31 11.96
Y 0.981 (0.966–0.990) 3.53 9.81
T 0.981 (0.966–0.990) 3.24 8.82

Table 4. Intra-rater reliability relative and absolute scores (Rater 2).

Test Position ICC SEM MDC

Dominant Arm
I 0.981 (0.965–0.990) 5.19 14.42
Y 0.982 (0.966–0.991) 3.43 9.41
T 0.983 (0.969–0.991) 3.24 9.02

Non-Dominant Arm
I 0.982 (0.968–0.990) 4.71 11.96
Y 0.970 (0.946–0.984) 4.02 11.08
T 0.971 (0.949–0.985) 3.89 10.59
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4.2. Test-Retest Reliability

The investigation of the test-retest reliability via the measurements performed by the
same rater separated by a week interval also presented excellent reliability scores (Table 5).
More specifically, the ICC index received scores between 0.924 and 0.970, the SEM between
3.33 and 6.47, and the MDC between 9.32 and 18.04. Among the testing positions, relative
reliability and absolute reliability provided some contrary results, as SEM again indicated
‘I’ as the position with the highest error of measurement, despite the ICC not being the
lowest among the positions. A possible systematic error of the I position that repeatedly
provided a standard measurement result could be the reason behind that.

Table 5. Test-retest reliability relative and absolute scores (Rater 1—Between sessions measurements).

Test Position ICC SEM MDC

Dominant Arm
I 0.949 (0.898–0.975) 6.47 18.04
Y 0.963 (0.925–0.981) 4.12 11.53
T 0.924 (0.845–0.962) 5.29 14.71

Non-Dominant Arm
I 0.970 (0.939–0.985) 4.71 13.04
Y 0.967 (0.934–0.984) 3.53 9.71
T 0.959 (0.934–0.984) 3.33 9.32

4.3. Inter-Rater Reliability

Inter-rater reliability was found to be excellent, as the ICC values’ spectrum was scored
between 0.974 and 0.988. No SEM score surpassed 3.92, and MDCs were below 10 newton
for all positions except for the ‘I’ position of the dominant arm. The standardization of the
test’s setup and instructions proved to enable the two novice physiotherapists to obtain
similar testing scores even with minor levels of familiarization. An analytical presentation
of the inter-rater reliability data examined only during the second session is illustrated
in Table 6.

Table 6. Inter-rater reliability relative and absolute scores.

Test Position ICC SEM MDC

Dominant Arm
I 0.983 (0.966–0.992) 3.92 10.98
Y 0.982(0.963–0.991) 3.04 8.34
T 0.974 (0.946–0.987) 3.24 9.02

Non-Dominant Arm
I 0.988 (0.975–0.994) 3.14 8.63
Y 0.977 (0.953–0.988) 2.94 8.34
T 0.978 (0.956–0.989) 2.74 7.55

4.4. Correlation Between ASH, Rotational Strength, and SSASPT

A statistically significant positive correlation (p < 0.001) was found between all the
ASH test positions and each of the ER, IR, and SSASPT (Table 7). For the dominant arm,
all three positions of the ASH were strongly correlated with both rotational strength and
SSASPT, apart from position I, which correlated moderately with ER (r = 0.605). In the
non-dominant arm, correlation scores were lower, with the ER correlating only moderately
with all the ASH positions, as was the case with the IR with position ‘T’. The SSASPT again
provided strong correlation scores against all ASH positions, although lower than in the
dominant arm (r = 0.755–0.823).



J. Clin. Med. 2025, 14, 1146 8 of 14

Table 7. Correlations between ASH and rotational strength and SSASPT per side.

Test Position SSASPT (D) ER (D) IR (D) SSASPT (ND) ER (ND) IR (ND)

Dominant Arm
I 0.808 0.605 0.772 - - -
Y 0.856 0.742 0.867 - - -
T 0.824 0.712 0.820 - - -

Non-Dominant Arm
I - - - 0.755 0.584 0.771
Y - - - 0.823 0.631 0.752
T - - - 0.758 0.645 0.693

5. Discussion
To our knowledge, this was the first study to assess the ASH in a non-adult population

and one of the few to assess the reliability of strength testing in adolescent overhead
athletes. The results of our study are more than promising as all forms of reliability (intra-
rater, inter-rater, and test-retest) proved to be excellent. These results reflect the results of
Ashworth et al., who initially described the test, investigating its properties on an adult
sample of overhead athletes [19]. Although direct comparisons are not permitted due
to the sample characteristics and some minor design differences, such as the 5-s force
development and maintenance period we used and the fact that peak force values were not
considered when estimating reliability but only mean values, a few observations can be
made upon closer inspection. More specifically, in both studies, higher force values were
found in the ‘I’ position, followed by ‘Y’ and ‘T’. Additionally, the ‘I’ position showed the
highest SEM and MDC scores in both cases. The lack of randomization during the protocol
application prevents us from making any direct conclusions about possible influencing
factors, such as learning effects or inherent difficulties of the position itself. Finally, the
ICC indices are almost identical, with the SEM and MDC scores remaining low. However,
when viewed as a proportion of the force values produced, the percentages are higher
in our study. This could be attributed to the absence of familiarization sessions for our
sample, which consisted of amateur athletes that had never participated in strength-testing
procedures before. This emphasizes the simplicity and standardization of the test setup
and its ability to produce consistent measurements.

In exploring possible associations between the ASH and other commonly performed
upper-extremity tests, such as rotational strength of the shoulder and SSASPT, moderate to
strong correlations were found. Lower correlation scores were observed between ASH and
ER compared to IR and SSASPT. There are several possible explanations for these findings.
First, the posterosuperior rotator cuff, responsible for external rotation force production,
is thought to act as a counterbalancing mechanism to prevent anterior translation of the
humeral head in flexion positions. This may not reflect the anterior musculature, including
the internal rotators, which are the primary force producers during such movements [29].
Second, rotational strength testing is a somewhat more ‘isolated’ procedure that measures
the force-producing capacity of a specific muscle group, while the higher correlations with
SSASPT could be attributed to the more generic approach of upper-quadrant performance
testing. Finally, the non-dominant extremity in a highly specialized dominant-arm sport
like tennis may be expected to show more fluctuation in performance testing, which could
explain the generally lower correlations observed on that side [30].

Apart from the force values per position and arm, we provided data for normalized
and peak torque. The only study to date that has provided similar data for the ASH test
was conducted by Olds et al., but this was on an adult, non-athletic population, which
prevents any direct comparisons with our results [21]. In addition to the total sample
scores for these variables, data were also provided by gender and age group. Male scores
were higher in all positions for force, normalized torque and peak torque, except in the
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‘T’ position, where females presented higher normalized values. Additionally, scores
seemed to increase with age, which aligns with findings in the dynamometry literature for
adolescent samples [31,32].

Intra-rater reliability scores for ER, IR, and SSASPT were found to be excellent, with
ICC scores similar to those reported in the literature [17,22]. When divided by gender, males
scored higher than females for all ER, IR, and SSASPT, except for normalized ER scores for
both arms. In the age-group division, the 14–17-year-old group scored higher across all
variables. The ER-to-IR ratios were higher for females than for males and for the younger
age group (10–13) compared to the older group (14–17). Maturation could play a role here,
as biological age is often considered more relevant than chronological age in adolescent
athletes [4]. The non-linearity of strength development among adolescents across different
muscle groups has been previously reported [33]. Compared to tennis data, similar ER-to-
IR ratios have been reported by Cools et al. when looking at their sport discipline data for
males, though they are lower for females [18]. In our study, the dominant arm provided
higher ratios, which contrasts with their findings. In a separate study, where elite tennis
players of similar ages were assessed with an isokinetic dynamometer, ratios were found to
be higher than those in our study [34]. However, they used eccentric external rotation and
concentric internal rotation at different angular velocities for calculating the ratios.

A potential limitation of the study design could be the uneven measurements between
the two sessions. The implementation of two additional tests after performing the ASH just
once during the first session could result in different fatigue levels compared to the second
session, where only the ASH test was performed twice. Previous research has indicated
that fatigue induced during a session could alter the repeated strength measurements [35].
However, our study did not follow a fatiguing protocol on purpose, so it is not that likely
that fatigue played such a major role. In addition, learning effects and consistency during
the second session’s measurements could have been maximized. In terms of generalizability
of the findings to the full spectrum of adolescent athletes, apart from the small sample size,
another limitation of our study was the age distribution, as the younger subgroup consisted
of nearly twice the number of the athletes included in the 14–17-year-old age group.
Furthermore, the convenience sample and the amateur level of the athletes may limit the
findings when applied to tennis players of a similar age but at different competitive levels.
Finally, the athletes were not familiarized with the testing protocol in our study, which
could theoretically have improved reliability even further [19,20]. However, as highlighted
by the previous literature, its relevance could be questionable when findings are considered
for clinically relevant purposes rather than just for statistical significance [21].

6. Conclusions
Taking into consideration its excellent reliability rates, the ASH test protocol offers

an upper-extremity assessment opportunity in adolescent athletes using easily applicable,
portable, relatively cheap equipment, which can be performed even by novice physiother-
apists with minor familiarization with the procedures. Future studies in both adolescent
and adult populations of different sport disciplines will enhance our understanding of
overhead athletes’ ASH performance either as a monitor tool for healthy populations or as
part of the return to sport continuum.
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Abbreviations
The following abbreviations are used in this manuscript:
ASH Athletic Shoulder
ER External Rotation
ICC Intraclass Correlation Coefficient
IR Internal Rotation
MDC Minimal Detectable Change
SEM Standard Error of Measurement
SSASPT Seated Single-Arm Shot-Put Test

Appendix A
ASH Values—Total Sample

Test Position Force (N)
Normalized Torque

(N/Kg)
Peak Torque (Nm)

Dominant Arm
I 56.31 ± 19.35 1.09 ± 0.27 30.40 ± 12.18
Y 41.63 ± 14.93 0.80 ± 0.18 22.57 ± 9.70
T 37.35 ± 13.49 0.72 ± 0.19 20.20 ± 8.63

Non-Dominant Arm
I 52.83 ± 17.60 1.02 ± 0.23 28.48 ± 11.33
Y 41.43 ± 13.64 0.80 ± 0.18 22.34 ± 9
T 36.73 ± 11.95 0.72 ± 0.16 19.76 ± 7.83

Force—Newton; Normalized Torque—Force/body mass (N/Kg); Peak Torque—Force × Arm Length (Nm).

ASH Values—Male Athletes

Test Position Force (N)
Normalized Torque

(N/Kg)
Peak Torque (Nm)

Dominant Arm
I 61.49 ± 19.39 1.14 ± 0.25 33.71 ± 12.84
Y 44.65 ± 16.37 0.81 ± 0.17 24.69 ± 11.07
T 39.80 ± 14.88 0.73 ± 0.19 21.92 ± 9.85

Non-Dominant Arm
I 56.30 ± 16.83 1.04 ± 0.20 30.85 ± 11.69
Y 44.36 ± 14.38 0.81 ± 0.15 24.36 ± 10.05
T 38.25 ± 12.94 0.71 ± 0.16 20.95 ± 8.86

Force—Newton; Normalized Torque—Force/body mass (N/Kg); Peak Torque—Force × Arm Length (Nm).
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ASH Values—Female Athletes

Test Position Force (N)
Normalized Torque

(N/Kg)
Peak Torque (Nm)

Dominant Arm
I 50.81 ± 18.31 1.04 ± 0.28 26.88 ± 10.70
Y 38.43 ± 12.97 0.79 ± 0.20 20.34 ± 7.74
T 34.75 ± 11.75 0.71 ± 0.19 18.39 ± 6.97

Non-Dominant Arm
I 49.16 ± 18.17 1 ± 0.27 25.97 ± 10.71
Y 38.30 ± 12.50 0.79 ± 0.20 20.20 ± 7.45
T 35.12 ± 11 0.73 ± 0.17 18.51 ± 6.61

Force—Newton; Normalized Torque—Force/body mass (N/Kg); Peak Torque—Force × Arm Length (Nm).

ASH Values—Age group: 10–13

Test Position Force (N)
Normalized Torque

(N/Kg)
Peak Torque (Nm)

Dominant Arm
I 47.21 ± 11.74 1.05 ± 0.24 24.19 ± 7.03
Y 33.90 ± 8.11 0.76 ± 0.17 17.38 ± 5.04
T 31.10 ± 7.62 0.69 ± 0.16 15.95 ± 4.73

Non-Dominant Arm
I 43.62 ± 9.92 0.98 ± 0.21 22.27 ± 6.31
Y 34.56 ± 8.25 0.78 ± 0.17 17.66 ± 5.4
T 31.10 ± 5.63 0.70 ± 0.13 15.87 ± 3.88

Force—Newton; Normalized Torque—Force/body mass (N/Kg); Peak Torque—Force × Arm Length (Nm).

ASH Values—Age group: 14–17

Test Position Force (N)
Normalized Torque

(N/Kg)
Peak Torque (Nm)

Dominant Arm
I 72.24 ± 20.09 1.16 ± 0.31 41.27 ± 11.78
Y 55.16 ± 14.66 0.87 ± 0.19 31.67 ± 9.27
T 48.30 ± 14.79 0.77 ± 0.22 27.66 ± 9

Non-Dominant Arm
I 68.97 ± 16.59 1.10 ± 0.26 39.34 ± 9.93
Y 53.45 ± 13.03 0.85 ± 0.19 30.55 ± 8.21
T 46.58 ± 13.84 0.74 ± 0.21 26.59 ± 8.43

Force—Newton; Normalized Torque—Force/body mass (N/Kg); Peak Torque—Force × Arm Length (Nm).

Appendix B
SSASPT, ER & IR Values—Total Sample

SSASPT(m) ER Force (N) IR Force (N)
ER Normalized
Torque (N/Kg)

IR Normalized
Torque (N/Kg)

Dominant Arm 2.59 ± 0.65 54.29 ± 24.22 86.18 ± 41.84 1.07 ± 0.4 1.62 ± 0.51
Non-Dominant

Arm
2.42 ± 0.63 46.12 ± 18.19 76.55 ± 35.41 0.91 ± 0.33 1.43 ± 0.40

SSASPT—meters; ER & IR Force—newtons; Normalized ER & IR: force/body mass (N/Kg).

SSASPT, ER & IR Values—Male Athletes

SSASPT(m) ER Force (N) IR Force (N)
ER Normalized
Torque (N/Kg)

IR Normalized
Torque (N/Kg)

Dominant Arm 2.76 ± 0.70 56.99 ± 28.88 98.41 ± 50.12 1.06 ± 0.44 1.73 ± 0.58
Non-Dominant

Arm
2.63 ± 0.71 48.57 ± 18.74 89.47 ± 41.93 0.90 ± 0.32 1.58 ± 0.47

SSASPT—meters; ER & IR Force—newtons; Normalized ER & IR: force/body mass (N/Kg).
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SSASPT, ER & IR Values—Female Athletes

SSASPT(m) ER Force (N) IR Force (N)
ER Normalized
Torque (N/Kg)

IR Normalized
Torque (N/Kg)

Dominant Arm 2.40 ± 0.56 51.42 ± 18.57 73.18 ± 26.55 1.08 ± 0.37 1.49 ± 0.4
Non-Dominant

Arm
2.21 ± 0.47 43.52 ± 17.81 62.82 ± 20.24 0.91 ± 0.35 1.28 ± 0.25

SSASPT—meters; ER & IR Force—newtons; Normalized ER & IR: force/body mass (N/Kg).

SSASPT, ER & IR Values—Age Group: 10–13

SSASPT(m) ER Force (N) IR Force (N)
ER Normalized
Torque (N/Kg)

IR Normalized
Torque (N/Kg)

Dominant Arm 2.25 ± 0.39 46.28 ± 12.54 66.64 ± 24.53 1.06 ± 0.34 1.45 ± 0.34
Non-Dominant

Arm
2.13 ± 0.42 39.79 ± 11.96 59.21 ± 19.87 0.90 ± 0.30 1.29 ± 0.28

SSASPT—meters; ER & IR Force—newtons; Normalized ER & IR: force/body mass (N/Kg).

SSASPT, ER & IR Values—Age Group: 14–17

SSASPT (m) ER Force (N) IR Force (N)
ER Normalized
Torque (N/Kg)

IR Normalized
Torque (N/Kg)

Dominant Arm 3.16 ± 0.62 68.32 ± 32.91 120.38 ± 44.66 1.09 ± 0.51 1.91 ± 0.62
Non-Dominant Arm 2.94 ± 0.61 57.20 ± 22.18 106.89 ± 36.78 0.92 ± 0.39 1.68 ± 0.48

SSASPT—meters; ER & IR Force—newtons; Normalized ER & IR: force/body mass (N/Kg).

Appendix B.1

Intra- rater Reliability scores of rotational strength and SSASPT

Test Position ICC SEM MDC

Dominant Arm
ER (N) 0.986 (0.975–0.993) 4.9 13.63
IR (N) 0.979 (0.962–0.989) 10.29 28.54

SSASPT (cm) 0.972 (0.943–0.986) 0.17 0.47

Non-Dominant Arm
ER (N) 0.985 (0.965–0.993) 3.33 9.21
IR (N) 0.978 (0.957–0.989) 8.43 23.44

SSASPT (cm) 0.977 (0.959–0.988) 0.16 0.46

ICC: intraclass correlation coefficient; SEM, standard error of measurement; MDC: minimal detectable change.

Appendix B.2

ER/IR Ratio—Total Sample

ER/IR Ratio

Dominant Arm 0.68 ± 0.24
Non-Dominant Arm 0.65 ± 0.23

ER/IR Ratio—Male Athletes
ER/IR Ratio

Dominant Arm 0.63 ± 0.27
Non-Dominant Arm 0.59 ± 0.21

ER/IR Ratio—Female Athletes
ER/IR Ratio

Dominant Arm 0.74 ± 0.2
Non-Dominant Arm 0.71 ± 0.24
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ER/IR Ratio—Age group: 10–13

ER/IR Ratio

Dominant Arm 0.75 ± 0.26
Non-Dominant Arm 0.71 ± 0.24

ER/IR Ratio—Age group: 14–17

ER/IR Ratio

Dominant Arm 0.56 ± 0.15
Non-Dominant Arm 0.55 ± 0.19

References
1. Oliver, G.D.; Downs, J.L.; Barbosa, G.M.; Camargo, P.R. Descriptive Profile of Shoulder Range of Motion and Strength in Youth

Athletes Participating in Overhead Sports. Int. J. Sports Phys. Ther. 2020, 15, 1090–1098. [CrossRef] [PubMed]
2. Smucny, M.; Parikh, S.N.; Pandya, N.K. Consequences of single sport specialization in the pediatric and adolescent athlete.

Orthop. Clin. N. Am. 2015, 46, 249–258. [CrossRef] [PubMed]
3. Fernandez-Fernandez, J.; Ulbricht, A.; Ferrauti, A. Fitness testing of tennis players: How valuable is it? Br. J. Sports Med. 2014, 48

(Suppl. S1), i22–i31. [CrossRef]
4. Luna-Villouta, P.; Paredes-Arias, M.; Flores-Rivera, C.; Hernández-Mosqueira, C.; Souza de Carvalho, R.; Faúndez-Casanova,

C.; Vásquez-Gómez, J.; Vargas-Vitoria, R. Anthropometric Characterization and Physical Performance by Age and Biological
Maturation in Young Tennis Players. Int. J. Environ. Res. Public Health 2021, 18, 893. [CrossRef]

5. Bell, D.R.; Post, E.G.; Biese, K.; Bay, C.; Valovich McLeod, T. Sport Specialization and Risk of Overuse Injuries: A Systematic
Review With Meta-analysis. Pediatrics 2018, 142, e20180657. [CrossRef]

6. Asker, M.; Brooke, H.L.; Waldén, M.; Tranaeus, U.; Johansson, F.; Skillgate, E.; Holm, L.W. Risk factors for, and prevention of,
shoulder injuries in overhead sports: A systematic review with best-evidence synthesis. Br. J. Sports Med. 2018, 52, 1312–1319.
[CrossRef]

7. Cools, A.M.; Maenhout, A.G.; Vanderstukken, F.; Declève, P.; Johansson, F.R.; Borms, D. The challenge of the sporting shoulder:
From injury prevention through sport-specific rehabilitation toward return to play. Ann. Phys. Rehabil. Med. 2021, 64, 101384.
[CrossRef]

8. Smucny, M.; Kolmodin, J.; Saluan, P. Shoulder and Elbow Injuries in the Adolescent Athlete. Sports Med. Arthrosc. Rev. 2016,
24, 188–194. [CrossRef] [PubMed]

9. Wilk, K.E.; Obma, P.; Simpson, C.D.; Cain, E.L.; Dugas, J.R.; Andrews, J.R. Shoulder injuries in the overhead athlete. J. Orthop.
Sports Phys. Ther. 2009, 39, 38–54. [CrossRef] [PubMed]

10. Cools, A.M.; Johansson, F.R.; Cambier, D.C.; Velde, A.V.; Palmans, T.; Witvrouw, E.E. Descriptive profile of scapulothoracic
position, strength and flexibility variables in adolescent elite tennis players. Br. J. Sports Med. 2010, 44, 678–684. [CrossRef]
[PubMed]

11. Cools, A.M.; Palmans, T.; Johansson, F.R. Age-related, sport-specific adaptions of the shoulder girdle in elite adolescent tennis
players. J. Athl. Train. 2014, 49, 647–653. [CrossRef] [PubMed]

12. Gillet, B.; Begon, M.; Sevrez, V.; Berger-Vachon, C.; Rogowski, I. Adaptive Alterations in Shoulder Range of Motion and Strength
in Young Tennis Players. J. Athl. Train. 2017, 52, 137–144. [CrossRef] [PubMed]

13. Gillet, B.; Begon, M.; Diger, M.; Berger-Vachon, C.; Rogowski, I. Shoulder range of motion and strength in young competitive
tennis players with and without history of shoulder problems. Phys. Ther. Sport 2018, 31, 22–28. [CrossRef] [PubMed]

14. Trakis, J.E.; McHugh, M.P.; Caracciolo, P.A.; Busciacco, L.; Mullaney, M.; Nicholas, S.J. Muscle strength and range of motion
in adolescent pitchers with throwing-related pain: Implications for injury prevention. Am. J. Sports Med. 2008, 36, 2173–2178.
[CrossRef] [PubMed]

15. Schwank, A.; Blazey, P.; Asker, M.; Møller, M.; Hägglund, M.; Gard, S.; Skazalski, C.; Haugsbø Andersson, S.; Horsley, I.; Whiteley,
R.; et al. 2022 Bern Consensus Statement on Shoulder Injury Prevention, Rehabilitation, and Return to Sport for Athletes at All
Participation Levels. J. Orthop. Sports Phys. Ther. 2022, 52, 11–28. [CrossRef] [PubMed]

16. Schrama, P.P.; Stenneberg, M.S.; Lucas, C.; van Trijffel, E. Intraexaminer reliability of hand-held dynamometry in the upper
extremity: A systematic review. Arch. Phys. Med. Rehabil. 2014, 95, 2444–2469. [CrossRef] [PubMed]

17. Cools, A.M.; De Wilde, L.; Van Tongel, A.; Ceyssens, C.; Ryckewaert, R.; Cambier, D.C. Measuring shoulder external and internal
rotation strength and range of motion: Comprehensive intra-rater and inter-rater reliability study of several testing protocols. J.
Shoulder Elb. Surg. 2014, 23, 1454–1461. [CrossRef]

https://doi.org/10.26603/ijspt20201090
https://www.ncbi.nlm.nih.gov/pubmed/33344026
https://doi.org/10.1016/j.ocl.2014.11.004
https://www.ncbi.nlm.nih.gov/pubmed/25771319
https://doi.org/10.1136/bjsports-2013-093152
https://doi.org/10.3390/ijerph182010893
https://doi.org/10.1542/peds.2018-0657
https://doi.org/10.1136/bjsports-2017-098254
https://doi.org/10.1016/j.rehab.2020.03.009
https://doi.org/10.1097/JSA.0000000000000131
https://www.ncbi.nlm.nih.gov/pubmed/27811520
https://doi.org/10.2519/jospt.2009.2929
https://www.ncbi.nlm.nih.gov/pubmed/19194026
https://doi.org/10.1136/bjsm.2009.070128
https://www.ncbi.nlm.nih.gov/pubmed/20587640
https://doi.org/10.4085/1062-6050-49.3.02
https://www.ncbi.nlm.nih.gov/pubmed/25098662
https://doi.org/10.4085/1062-6050.52.1.10
https://www.ncbi.nlm.nih.gov/pubmed/28145740
https://doi.org/10.1016/j.ptsp.2018.01.005
https://www.ncbi.nlm.nih.gov/pubmed/29524909
https://doi.org/10.1177/0363546508319049
https://www.ncbi.nlm.nih.gov/pubmed/18596197
https://doi.org/10.2519/jospt.2022.10952
https://www.ncbi.nlm.nih.gov/pubmed/34972489
https://doi.org/10.1016/j.apmr.2014.05.019
https://www.ncbi.nlm.nih.gov/pubmed/24909587
https://doi.org/10.1016/j.jse.2014.01.006


J. Clin. Med. 2025, 14, 1146 14 of 14

18. Cools, A.M.; Vanderstukken, F.; Vereecken, F.; Duprez, M.; Heyman, K.; Goethals, N.; Johansson, F. Eccentric and isometric
shoulder rotator cuff strength testing using a hand-held dynamometer: Reference values for overhead athletes. Knee Surg. Sports
Traumatol. Arthrosc. 2016, 24, 3838–3847. [CrossRef]

19. Ashworth, B.; Hogben, P.; Singh, N.; Tulloch, L.; Cohen, D.D. The Athletic Shoulder (ASH) test: Reliability of a novel upper body
isometric strength test in elite rugby players. BMJ Open Sport Exerc. Med. 2018, 4, e000365. [CrossRef] [PubMed]

20. Królikowska, A.; Mika, A.; Plaskota, B.; Daszkiewicz, M.; Kentel, M.; Kołcz, A.; Kentel, M.; Prill, R.; Diakowska, D.; Reichert, P.;
et al. Reliability and Validity of the Athletic Shoulder (ASH) Test Performed Using Portable Isometric-Based Strength Training
Device. Biology 2022, 11, 577. [CrossRef] [PubMed]

21. Olds, M.; McLaine, S.; Magni, N. Validity and Reliability of the Kinvent Handheld Dynamometer in the Athletic Shoulder Test. J.
Sport Rehabil. 2023, 32, 764–772. [CrossRef] [PubMed]

22. Pinheiro, J.S.; Monteiro, O.L.S.; Pinheiro, C.A.B.; Penha, L.M.B.; Almeida, M.Q.G.; Bassi-Dibai, D.; Pires, F.O.; Cabido, C.E.T.;
Fidelis-de-Paula-Gomes, C.A.; Dibai-Filho, A.V. Seated Single-Arm Shot-Put Test to Measure the Functional Performance of
the Upper Limbs in Exercise Practitioners With Chronic Shoulder Pain: A Reliability Study. J. Chiropr. Med. 2020, 19, 153–158.
[CrossRef] [PubMed]

23. Negrete, R.J.; Hanney, W.J.; Kolber, M.J.; Davies, G.J.; Ansley, M.K.; McBride, A.B.; Overstreet, A.L. Reliability, minimal detectable
change, and normative values for tests of upper extremity function and power. J. Strength. Cond. Res. 2010, 24, 3318–3325.
[CrossRef]

24. Decleve, P.; Attar, T.; Benameur, T.; Gaspar, V.; Van Cant, J.; Cools, A.M. The “upper limb rotation test”: Reliability and validity
study of a new upper extremity physical performance test. Phys. Ther. Sport 2020, 42, 118–123. [CrossRef]

25. de Vet, H.C.; Terwee, C.B.; Knol, D.L.; Bouter, L.M. When to use agreement versus reliability measures. J. Clin. Epidemiol. 2006,
59, 1033–1039. [CrossRef]

26. Kottner, J.; Audigé, L.; Brorson, S.; Donner, A.; Gajewski, B.J.; Hróbjartsson, A.; Roberts, C.; Shoukri, M.; Streiner, D.L. Guidelines
for Reporting Reliability and Agreement Studies (GRRAS) were proposed. J. Clin. Epidemiol. 2011, 64, 96–106. [CrossRef]
[PubMed]

27. Portney, L.G.; Watkins, M.P. Foundations of Clinical Research: Applications to Practice; Pearson/Prentice Hall: Upper Saddle River,
NJ, USA, 2009; Volume 892.

28. Schober, P.; Boer, C.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation. Anesth. Analg. 2018,
126, 1763–1768. [CrossRef]

29. Wattanaprakornkul, D.; Cathers, I.; Halaki, M.; Ginn, K.A. The rotator cuff muscles have a direction specific recruitment pattern
during shoulder flexion and extension exercises. J. Sci. Med. Sport 2011, 14, 376–382. [CrossRef] [PubMed]

30. Borms, D.; Cools, A. Upper-Extremity Functional Performance Tests: Reference Values for Overhead Athletes. Int. J. Sports Med.
2018, 39, 433–441. [CrossRef]

31. Hébert, L.J.; Maltais, D.B.; Lepage, C.; Saulnier, J.; Crête, M. Hand-Held Dynamometry Isometric Torque Reference Values for
Children and Adolescents. Pediatr. Phys. Ther. 2015, 27, 414–423. [CrossRef] [PubMed]

32. Daloia, L.M.T.; Leonardi-Figueiredo, M.M.; Martinez, E.Z.; Mattiello-Sverzut, A.C. Isometric muscle strength in children and
adolescents using Handheld dynamometry: Reliability and normative data for the Brazilian population. Braz. J. Phys. Ther. 2018,
22, 474–483. [CrossRef]

33. Mendez-Rebolledo, G.; Ruiz-Gutierrez, A.; Salas-Villar, S.; Guzman-Muñoz, E.; Sazo-Rodriguez, S.; Urbina-Santibáñez, E. Isometric
strength of upper limb muscles in youth using hand-held and hand-grip dynamometry. J. Exerc. Rehabil. 2022, 18, 203–213. [CrossRef]

34. Saccol, M.F.; Gracitelli, G.C.; da Silva, R.T.; Laurino, C.F.; Fleury, A.M.; Andrade Mdos, S.; da Silva, A.C. Shoulder functional ratio
in elite junior tennis players. Phys. Ther. Sport 2010, 11, 8–11. [CrossRef]

35. Buoite Stella, A.; Cargnel, A.; Raffini, A.; Mazzari, L.; Martini, M.; Ajčević, M.; Accardo, A.; Deodato, M.; Murena, L. Shoulder
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