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Simple Summary: The Athletic Shoulder (ASH) test was developed to quantify force across the
shoulder girdle in athletes for diagnosis and monitoring. Initially, this test was performed using force
plates. The question remains whether force plates may be replaced with a more feasible tool for field
testing, such as an isometric-based strength training device. Hence, the present study determined
whether Active5™ may be an alternative to force plates for ASH test purposes. Consequently, the
ASH test was performed on different days by the same rater and different raters using Active5™ and
K-Force plates. It was also checked whether the test results obtained using various tools correlated
with each other. The study indicated that both devices were reliable tools, and the ASH test results
obtained with the use of the two devices were largely correlated with each other.

Abstract: The Athletic Shoulder (ASH) test was introduced as a tool for quantifying the ability to
produce and transfer force across the shoulder girdle. Whether using the portable isometric-based
strength training device Active5™ is a reliable alternative to a gold standard force plate for ASH
testing purposes remains unknown; therefore, the present study determined the reliability and
validity of Active5™ usage in the ASH test compared to force plates. Fifty-one healthy participants
performed the ASH test using Active5™ and K-Force plates in three separate sessions. The maximal
force was measured bilaterally in a prone position at three shoulder abduction angles, precisely at
180°, 135°, and 90°. The first rater carried out the first and third sessions, spaced at a one-week
interval. A second rater performed the second session. The reliability was assessed using the intraclass
correlation coefficient (ICC). The linear Pearson’s correlation coefficient (r) calculation was used to
determine the relationship between ASH test results using the two devices. The ICC = 0.77-0.99 result
indicated good to excellent reliability for Active5™ usage. A high to a very high correlation between
the two devices at 180° and 90° was noted (r = 0.75-0.95). This data supports the isometric-based
strength training device Active5™ as a reliable and valid tool for ASH test performance.
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1. Introduction

The evaluation of muscle strength constitutes an essential component of shoulder
examination. An athlete’s assessment, treatment, and performance enhancement may be
significantly facilitated using isokinetic and isoinertial test procedures, which have scien-
tific and clinical rationale for their use in sport and rehabilitation [1-4]. Since isokinetic
and isoinertial testing provide easily interpreted objective data, they are commonly recog-
nized as the gold standard for strength testing. However, because of the expensiveness of
isokinetic dynamometers and piezoelectric force plates, these methods are not available to
many clinicians and strength and conditioning professionals. Additionally, as an isokinetic
dynamometer takes up a lot of space and the examination is time-consuming; it is challeng-
ing to implement isokinetics in sports settings. Because of its low price, convenient size,
and ease of use, hand-held dynamometry (HHD) has been considered a static alternative
to isokinetic dynamometry and the use of force plates in strength measurements [5-7].
However, the reliability of HHD remains questionable due to many potential sources of
error in measurements, including various warm-up strategies or starting positions for both
tester and person being examined, the position of the examined shoulder, stabilization
of the tested limb, and stabilization of the measurement device [8—11]. The HHD is not
considered fully reliable, especially in sports, because it is also affected by the strength of
the tester, as stronger athletes may require stronger testers to resist the athlete’s push and
obtain reliable results [12].

The Athletic Shoulder (ASH) test was developed by Ashworth et al. (2018) as a
novel series of long-lever upper body isometric tests conducted with the use of force
platforms [13]. It is performed in the prone position with the examined shoulder positioned
at three consecutive angles of abduction, precisely 180°, 135°, and 90°. Using force plates
for measuring isometric force was introduced as a potential alternative to hand-held
dynamometers. As the examined person applies force to a fixed device, the tester’s strength
as a potential source of measurement error is eliminated. Once more, Ashworth et al. (2018)
highlighted that long-lever isometric tests seem more reasonable than short-lever testing,
as they replicate the shoulder muscle contraction required in the tackle position [11,13,14]
and therefore have greater potential in shoulder injury prevention [15]. Still, force plates
are more expensive than and not as portable as HHD.

Recently, Activbody Inc. released a new device designed to work with apps and games
running on Bluetooth-enabled devices, such as smartphones and tablets, named Active5™.
It is described as a portable isometric-based strength training device with digital coaching.
Active5™ measures the maximal isometric strength and adjusts the difficulty of an exercise
individually. Because the device is brand new, there are no examples of its use in functional
diagnosis or the effectiveness of its usage as exercise-based therapy support available in
the literature to date. Thus, the reliability and validity of strength measurements taken
using the device also remain unknown. However, if Active5™ measures force by being
pressed with the examined limb or another part of the body, it might constitute a portable
alternative for ASH testing purposes to the gold standard force plate. Therefore, this study
aimed to determine the reliability and validity of Active5™ usage in the ASH test compared
to a force plate.

2. Materials and Methods
2.1. Ethics
The study was carried out in 2021-2022 in the Ergonomics and Biomedical Monitoring

Laboratory and the Department of Trauma at Wroclaw Medical University, Wroclaw, Poland.
The study was conducted according to the Declaration of Helsinki’s ethics guidelines and
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principles. It was approved by the Bioethics Committee at the Medical University of
Wroclaw, Wroclaw, Poland (approval number KB-351/2021). All participants received a
detailed explanation of the study purpose and the study procedures, and subsequently
signed a written informed consent form.

2.2. Study Design

The study used a randomized, repeated measure, observational design. First, the two
devices were compared in terms of their intrarater and inter-rater reliability in performing
the ASH test. Therefore, the variation of data gathered by one rater across two trials
(intrarater reliability) and the variation of data collected by two raters who examined
the same participants (inter-rater reliability) was analyzed. The agreement on the use of
both testing devices was determined. It was also estimated whether any linear correlation
between the results of the ASH test using the two devices existed. The data were separately
explored for women and men.

2.3. Characteristics of Studied Participants

The study was carried out in a group of the first 51 recreational athletes from the
university where the study was conducted who voluntarily participated in the study
and met all the inclusion criteria. The volunteers were recruited through advertising on
university social media. The specific inclusion criteria were as follows: (1) age 18-30 years;
(2) free of injury and/or disease in the upper limb(s) and cervical or thoracic spine; (3) not
having pain or any other symptoms in the upper limbs or cervical or thoracic spine; (4) not
having any systematic disease; (5) frequently participating in sporting activities. The
dominant limb was determined to be that normally used for daily activities and writing.
Anthropometric characteristics were collected before the tests, including body weight (kg)
and height (cm). For data analysis purposes, the participants were divided into women
and men.

2.4. Measurement Procedure

The participants were tested on three separate occasions. The first and third sessions
were carried out by rater number 1 at a one-week interval, while the second was performed
by rater number 2 on day one. On the first day, the break between the session carried out by
the first rater and the session carried out by the second rater exceeded 90 min. Both raters
were well experienced with the equipment and the test protocol. The tests were performed
at the same time of day. All the participants were asked to wear sports clothes for the tests.
They were also asked to maintain their regular training regimes during the experimental
period and not to participate in any vigorous physical activity between the three sessions
of performed tests.

At each session, the ASH test was performed two times, each time with a different
device, namely Active5™ (Activbody, Inc., Shenzhen, China) and K-Force Plates (Kinvent,
Montpellier, France). Both devices were Bluetooth-enabled and connected with Active5
(version 1.0.0.; Activbody, Inc., China) and K-Force (version 5.2.1; Kinvent, Montpellier,
France) applications, respectively. The applications were installed on a tablet (Galaxy Tab
57 SM-T870, Samsung Electronics Co., Ltd. 129, Samsung-ro, Yeongtong-gu, Suwon-si,
Gyeonggi-do, Republic of Korea). Detailed dimensions of Active5™ are presented in
Figure 1, and the dimensions of K-Force Plates in Figure 2.

Before the first session measurements, the participants were randomly assigned to
start on the Active5™ or K-Force plate with either the dominant or nondominant limb.
This order was replicated in session two and session three. After the measurement of one
limb with one device was completed, the contralateral limb was tested. After 30 min, the
procedure was repeated with the other device.
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Figure 1. Technical characteristics of portable isometric-based strength training device Active5™:
(a) Length and width; (b) width and height. The weight exceeds 131 g, including the battery.

330 mm ‘ 175 mm

175 mm 175 mm

(a) (b)

Figure 2. Technical characteristics of K-Force Plates separately for right and left limbs: (a) Length
and width; (b) length, width, and height. The weight exceeds 1600 g.

The tests with the portable isometric-based training device and force plates were
performed with the participant in a prone position on a thin mat laid on the floor, with a
neck position standardized using a folded towel of 1 cm height as a forehead support, as
presented in Figure 3.

Figure 3. The preparation of the participant before the consecutive series of tests.

The present research was based on the ASH test methodology introduced by Ashworth
et al. (2018) [13]. The participants were familiarized with the test protocol by performing
complete tests on separate days before the study. During measurements, standardized
verbal commands and consistent verbal encouragement were provided.

A standardized warm-up that consisted of two submaximal efforts in each testing
position preceded the series of tests with a given device. During the series of tests, the par-
ticipant performed a 3 s long maximal isometric contraction against a given measurement
device at three shoulder abduction angles, precisely at 180°, 135°, and 90°, also called the I
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test, Y test, and T test, respectively, as presented in Table 1. The correctness of the angular
position of the limb being examined was verified each time with a standard goniometer.
The stationary arm of the goniometer was parallel with the trunk, and the movement arm
was in line with the midline of the humerus of the studied limb. The axis of the goniometer
was positioned slightly below the posterior side of the acromion. The participants were
asked to push the device as hard as they could to generate maximal force. Three maximal
repetitions were performed at each position with a 20 s long interval, but only the maximal
value was taken for further analysis. The hand of the examined limb was placed on a
vertical axis force platform or the portable isometric-based training device, and it acted as
the primary contact point with a given device. At each position, the forearm was pronated
and the elbow fully extended.

Table 1. Illustration of consecutive tests being performed.

Active5™

Consecutive Tests K-Force Plate Consecutive Tests

180°; I test 180°; I test
135°; Y test 135°; Y test
90°, T test 90°; T test

2.5. Statistical Analysis

SPSS Statistics Version 28.0.1.0 (142) (IBM® SPSS® Statistics, Armonk, NY, USA) and
Microsoft Office Excel 365 Personal (Microsoft Corporation, Redmond, WA, USA) were
used for the statistical analysis.

The calculation used to choose the number of participants was based on the research
of Bujang and Baharum (2017), an article in which the relationship between the interclass
correlation coefficient (ICC), statistical power, and the number of participants is estab-
lished [16]. Considering the necessity for two measurements to be made per participant
to separately determine intrarater and inter-rater reliability, set a statistical power of 80%,
and establish a minimum ICC of 0.50, the sample for analysis needed to number at least
22. Therefore, the two homogenous groups, including 24 female and 27 male participants,
were considered sufficient.
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The collected parameter was “maximal force applied against the device”, expressed in
kilograms (kg) at three consecutive positions at three separate sessions using both studied
devices separately for dominant and nondominant limbs.

The arithmetic mean (x) and standard deviation (SD) were calculated for the studied
features. All the studied features were normally distributed according to performed
Shapiro-Wilk test.

The relative reliability assessment of each device was based on the intraclass correla-
tion coefficient (ICC) calculation according to the guidelines described by Shrout and Fleiss
(1979) [17]. For the intrarater test reliability, a two-way mixed-effects model, single mea-
surement type, and absolute agreement definition were used. The inter-rater test reliability
was assessed using ICC calculated using a two-way random-effects model, single rater type,
and absolute agreement definition [18]. ICC values less than 0.50 indicate poor reliability,
values between 0.50 and 0.75 demonstrate moderate reliability, values between 0.75 and
0.90 indicate good reliability and values greater than 0.90 indicate excellent reliability [18].

The absolute reliability was determined by computing the standard error of measurement
(SEM) and coefficient of variation (CV) [19]. The SEM calculated the minimal detectable change
(MDC) for each device with the following formula: MDC = SEM x 1.96 x /2. A smaller
MDC indicates a more sensitive measurement [20]. Heteroscedasticity was examined using
the Bland—Altman method [21].

The linear Pearson’s correlation coefficient () was calculated to measure the strength
and direction of any linear relationships between the obtained values of maximal force
(kg) at three consecutive positions in three separate sessions separately for dominant and
nondominant limbs. The magnitudes of all of the bivariate associations were classified as
negligible (0.00-0.30), low (0.31-0.50), moderate (0.51-0.70), high (0.71-0.90), and very high
(0.91-1.00) [22]. Additionally, the coefficient of determination, the r-squared (r?) value, was
calculated to give a proportion of variance (fluctuation) of one variable that is predictable
from the other variable. The 2 multiplied by 100 represents the percentage of data points
closest to the line of best fit.

The statistical significance was set at p < 0.05.

3. Results

The female group consisted of 24 people with a mean age of 21.87 £ 1.29 years old,
body height 168.77 & 6.44 cm, and body mass 62.90 & 6.84 kg. The group of males consisted
of 27 people with a mean age of 22.96 4 2.39 years old, body height of 181.74 + 5.56 cm,
and body mass of 81.92 + 12.83 kg.

Based on the ICC results presented in Table 2, it can be stated that intrarater reliability
for the group of females was from good to excellent for Active5™ and excellent for K-Force
Plates at 180°, 135°, and 90° shoulder abduction.

Table 2. Intrarater reliability of the ASH test in the female group using both studied devices.

Studied Limb Shoulder Abduction Active5™ K-Force Plates
180° 0.932 (0.883, 0.960) 0.963 (0.933, 0.979)
Dominant limb 135° 0.959 (0.929, 0.976) 0.979 (0.963, 0.988)
90° 0.941 (0.899, 0.966) 0.979 (0.964, 0.988)
180° 0.948 (0.908, 0.971) 0.979 (0.963, 0.988)
Nondominant limb 135° 0.866 (0.776, 0.921) 0.982 (0.969, 0.990)
90° 0.942 (0.900, 0.966) 0.959 (0.929, 0.976)

Values expressed as intraclass correlation coefficient (ICC) and 95% confidence interval (lower bound, upper

bound) of the ICC.

The inter-rater reliability was excellent for both Active5™ and K-Force Plate devices at
180°, 135°, and 90° of abduction of the shoulder in the female group, as presented in Table 3.
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Table 3. Inter-rater reliability of the ASH test in the female group using both studied devices.

Studied Limb Shoulder Abduction Active5™ K-Force Plates
180° 0.969 (0.946, 0.982) 0.976 (0.956, 0.986)
Dominant limb 135° 0.967 (0.942, 0.981) 0.983 (0.970, 0.990)
90° 0.976 (0.955, 0.985) 0.984 (0.972, 0.991)
180° 0.947 (0.904, 0.970) 0.968 (0.937, 0.983)
Nondominant limb 135° 0.955 (0.922, 0.974) 0.983 (0.970, 0.990)
90° 0.962 (0.935, 0.978) 0.981 (0.966, 0.989)

Values expressed as intraclass correlation coefficient (ICC) and 95% confidence interval (lower bound, upper
bound) of the ICC.

As presented in Table 4, the force values measured using Active5™ in the female
group at 180° shoulder abduction represented variation ranging from 28.16 to 29.65% for
the dominant limb and 32.29 to 33.89% in the nondominant one.

Table 4. The results of force measurements at 180° shoulder abduction using Active5™ and K-
Force Plates.

Force Measured at 180° Shoulder Abduction in Females (kg)

Studied Session Device x SD CV % SEM MDC
Limb

. Active5™ 5.67 1.68 29.65 0.34 0.94
Session 1 K-Force Plates 5.37 1.63 30.37 0.33 0.91
, _ Active5™ 5.56 1.61 28.91 0.33 0.91
Dominant Session 2 K-Force Plates 5.3 1.65 31.53 0.34 0.94
, Active5™ 5.37 1.51 28.16 0.31 0.85
Session 3 K-Force Plates 5.32 1.64 30.94 0.34 0.94
. Active5™ 4.95 1.60 32.29 0.32 0.88
Session 1 K-Force Plates 4.66 1.68 36.15 0.34 0.94
. . Active5™ 4.75 1.60 33.59 0.32 0.88
Nondominant  Session 2 K-Force Plates 446 1.54 34,58 0.32 0.88
, Active5™ 4.86 1.64 33.89 0.34 0.94
Session 3 K-Force Plates 450 1.72 38.14 0.35 0.96

Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).

The force values measured in the same group using K-Force Plates at 180° shoulder
abduction represented a comparably wide variation, as the CV ranged from 30.37 to 31.53%
for the dominant limb and 34.58 to 38.14% for the nondominant limb (Table 4). Moreover,
the values of SEM for the force measured at 180° shoulder abduction were comparable for
both studied devices, as presented in Table 4. In addition to similar CV and SEM values,
the comparability of the results obtained at 180° shoulder abduction using both studied
devices were supported by the high positive correlations presented in Tables 5 and 6 for
dominant and nondominant limbs, respectively.

As presented in Table 7, the CV of force measured using both Active5™ and K-Force
Plates at 135° shoulder abduction in the female group was larger than the CV of values
of force estimated at 180° shoulder abduction. Additionally, SEM was more prominent
than in the measurement at 180°. Both CV and SEM differences between the two studied
devices were also reflected in the lack of correlations, as presented in Tables 5 and 6.
However, it should be highlighted that both CV and SEM were smaller in the measurements
performed using Active5™ than those using K-Force Plates, indicating a smaller dispersion
of data points.
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Table 5. Correlation between ASH test results using Active5™ and K-Force plates in the dominant
upper limb in the female group.

Correlation between ASH Test Results Using Active5™ and K-Force Plates in the Dominant
Limb in Females

p Value r Value ? Value
180° <0.0001 0.875 0.766
Session 1 135° 0.625 —0.104 0.010
90° <0.0001 0.931 0.868
180° <0.0001 0.879 0.773
Session 2 135° 0.591 —0.115 0.013
90° <0.0001 0.945 0.893
180° <0.0001 0.850 0.722
Session 3 135° 0.710 —0.079 0.001
90° <0.0001 0.919 0.845

Values expressed as a p value of statistical significance; r value: Pearson’s correlation coefficient and r? indicating
the proportion of variance.

Table 6. Correlation between ASH test results using Active5™ and K-Force plates in the nondominant
upper limb in the female group.

Correlation between ASH Test Results Using Active5™ and K-Force Plates in the
Nondominant Limb in Females

p Value r Value ? Value
180° <0.0001 0.855 0.731
Session 1 135° 0.580 —0.118 0.014
90° <0.0001 0.862 0.744
180° <0.0001 0.865 0.749
Session 2 135° 0.795 —0.055 0.003
90° <0.0001 0.905 0.819
180° <0.0001 0.840 0.706
Session 3 135° 0.726 —0.075 0.005
90° <0.0001 0.888 0.789

Values expressed as a p value of statistical significance; r value: Pearson’s correlation coefficient and 2 indicating
the proportion of variance.

As presented previously in Tables 5 and 6, the ASH test results using Active5™ at
90° shoulder abduction were highly positively correlated with those obtained using K-
Force Plates in both dominant and nondominant upper limbs in females. The CV and SEM
of the gathered data were comparable, but not as much as in the measurements performed
at 180° shoulder abduction, which are presented in Table 8. It is also worthy of notice that
the dispersion of data points was higher for both devices when measuring at 90° than at
180°. Still, the dispersion was smaller for the data gathered using Active5™ (Table 8).

Based on the ICC results presented in Table 9, it can be determined that intrarater
reliability in the group of males was from good to excellent for Active5™ at 180°, 135°,
and 90° for nondominant shoulder abduction and excellent at 135° for dominant shoulder
abduction. K-Force Plates in the group of males represented good to excellent reliability
at 180° abduction of the shoulder in the dominant limb. The reliability was excellent for
the rest of the measured angles in the dominant limb and for all the measurements in
nondominant limbs when using K-Force Plates.
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Table 7. The results of force measurements at 135° shoulder abduction using Active5™ and K-Force
Plates in the female group.

Force Measured at 135° Shoulder Abduction in Females (kg)

Studied Session Device X SD CV % SEM MDC
Limb
Session 1 Active5™ 5.99 2.03 34.00 0.41 1.14
ession K-Force Plates 7.12 3.26 45.79 0.66 1.82
Do Session 2 Active5™ 5.95 2.03 34.17 0.41 1.13
ominant ession K-Force Plates 7.15 3.16 44.29 0.64 1.77
Session 3 Active5™ 6.11 2.26 37.11 0.46 1.27
ession K-Force Plates 7.29 3.28 45.01 0.66 1.82
Session 1 Active5™ 5.50 2.04 37.06 0.41 1.13
ession K-Force Plates 6.46 3.17 49.16 0.64 1.77
Nondomi Session 2 Active5™ 5.42 1.98 36.61 0.40 1.11
ondominant ession K-Force Plates 6.41 3.10 4834 0.63 1.74
Session 3 Active5™ 5.48 2.14 39.11 0.43 1.19
ession K-Force Plates 6.59 3.16 47.99 0.64 1.77
Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).
Table 8. The results of force measurements at 90° shoulder abduction using Active5™ and K-Force
Plates in the female group.
Force Measured at 90° of Shoulder Abduction in Females (kg)
Sh?dled Session Device X SD CV % SEM MDC
Limb
Session 1 Active5™ 6.88 2.99 43.50 0.61 1.69
ession K-Force Plates 6.59 3.17 48.20 0.64 1.77
Dominant Session 2 Active5™ 6.69 3.00 44.80 0.61 1.68
ominan ession K-Force Plates 6.51 3.27 50.23 0.66 1.82
Session 3 Active5™ 6.96 291 41.94 0.59 1.63
ession K-Force Plates 6.51 3.29 50.56 0.67 1.85
Session 1 Active5™ 6.09 2.39 39.25 0.48 1.32
ession K-Force Plates 5.62 236 4197 0.48 1.32
Nondomi Session 2 Active5™ 5.95 2.40 40.39 0.49 1.35
ondominant ession K-Force Plates 5.61 2.37 42.40 0.48 1.32
Session 3 Active5™ 6.22 235 37.90 0.48 1.32
ession K-Force Plates 5.55 242 4371 0.49 1.35

Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).

Table 9. Intrarater reliability of the ASH test using both studied devices in the male group.

Studied Limb Shoulder Abduction Active5™ K-Force Plates
180° 0.900 (0.794, 0.953) 0.936 (0.855, 0.972)
Dominant limb 135° 0.961 (0.917, 0.982) 0.968 (0.932, 0.985)
90° 0.925 (0.842, 0.965) 0.982 (0.961, 0.992)
180° 0.912 (0.806, 0.960) 0.968 (0.931, 0.985)
Nondominant limb 135° 0.891 (0.762, 0.950) 0.980 (0.958, 0.991)
90° 0.945 (0.884, 0.974) 0.978 (0.952, 0.990)

Values expressed as intraclass correlation coefficient (ICC) and 95% confidence interval (lower bound, upper
bound) of the ICC.

The inter-rater reliability of the force measurements performed using Active5™ in
males was from good to excellent at 180° abduction in the dominant shoulder and at 180°
and 135° in the nondominant one (Table 10). The reliability was excellent with the dominant
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shoulder abducted to 135° and 90°. The reliability of the measurements performed using K-
Force Plates was good to excellent at a 135° angular position of the nondominant shoulder.
The reliability was excellent for the rest of the angular positions in the nondominant
shoulder and for all angular positions of the shoulder in the dominant limb.

Table 10. Inter-rater reliability of the ASH test using both studied devices in the male group.

Studied Limb Shoulder Abduction Active5™ K-Force Plates
180° 0.949 (0.892, 0.976) 0.959 (0.912, 0.981)
Dominant limb 135° 0.972 (0.940, 0.987) 0.964 (0.924, 0.984)
90° 0.970 (0.935, 0.986) 0.990 (0.979, 0.989)
180° 0.903 (0.796, 0.955) 0.968 (0.931, 0.985)
Nondominant limb 135° 0.954 (0.902, 0.979) 0.954 (0.902, 0.979)
90° 0.965 (0.925, 0.984) 0.989 (0.975, 0.995)

Values expressed as intraclass correlation coefficient (ICC) and 95% confidence interval (lower bound, upper
bound) of the ICC.

As presented in Table 11, the force values measured using Active5™ in the male
group at 180° shoulder abduction represented variations ranging from 31.65 to 36.98%
for the dominant limb and 30.82 to 32.92% in the nondominant one. The data variations
gathered using K-Force Plates exceeded 33.25-36.95% and 35.25-37.57% for dominant
and nondominant limbs, respectively. The comparable values of CV and SEM of force
measured when using both devices at 180° were also reflected in a high positive correlation,
as presented in Tables 12 and 13.

Table 11. The results of force measurements at 180° shoulder abduction using Active5™ and K-
Force Plates.

Force Measured at 180° of Shoulder Abduction in Males (kg)

Sh?dled Session Device X SD CV % SEM MDC
Limb

_ Active5™ 9.48 3.00 31.65 0.57 1.57
Session 1 K-Force Plates 9.18 3.39 36.95 0.65 1.80
, , Active5™ 9.33 2.95 31.65 0.56 1.55
Dominant Session 2 K-Force Plates 8.90 2.99 33.65 0.57 1.57
, Active5™ 9.28 3.43 36.98 0.66 1.82
Session 3 K-Force Plates 8.74 2.90 33.25 0.55 1.52
_ Active5™ 8.49 2.75 32.44 0.53 1.46
Session 1 K-Force Plates 7.72 2.90 37.57 0.55 1.52
. , Active5™ 8.12 2.50 30.82 0.48 1.32
Nondominant  Session 2 K-Force Plates 7.40 261 35.25 0.50 1.38
, Active5™ 8.05 2.65 32.92 0.51 1.41
Session 3 K-Force Plates 7.62 2.70 35.53 0.52 1.44

Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).

In contrast to the female group, the males presented a smaller dispersion of data points
for force measurements performed at 135° shoulder abduction when using K-Force Plates
than Active5™ (Table 14). As shown previously in Tables 12 and 13, no correlation was
found between the results of the ASH test performed at 135° using both studied devices.

As presented previously in Tables 12 and 13, the ASH test results using Active5™ at
90° shoulder abduction were positively correlated from a moderate to a high level with
those obtained using K-Force Plates in both dominant and nondominant upper limbs in
males. The CV and SEM of the gathered data were comparable, as presented in Table 15;
however, the between-devices differences were higher than at 180° but more minor than
at 135°.
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Table 12. Correlation between ASH test results using Active5™ and K-Force plates in the dominant
upper limb in the male group.

Correlation between ASH Test Results Using Active5™ and K-Force Plates in the Dominant

Limb in Males
p Value r Value ? Value
180° <0.0001 0.743 0.552
Session 1 135° 0.170 0.272 0.074
90° <0.0001 0.682 0.465
180° <0.0001 0.855 0.731
Session 2 135° 0.164 0.275 0.076
90° <0.0001 0.666 0.443
180° <0.0001 0.846 0.716
Session 3 135° 0.064 0.362 0.131
90° <0.0001 0.698 0.487

Values expressed as a p value of statistical significance; r value: Pearson’s correlation coefficient and r? indicating
the proportion of variance.

Table 13. Correlation between ASH test results using Active5™ and K-Force plates in the nondomi-
nant upper limb in the male group.

Correlation between ASH Test Results Using Active5™ and K-Force Plates in the
Nondominant Limb in Males

p Value r Value ? Value
180° <0.0001 0.791 0.626
Session 1 135° 0.152 0.283 0.080
90° <0.0001 0.642 0.412
180° <0.0001 0.788 0.621
Session 2 135° 0.097 0.326 0.106
90° 0.001 0.618 0.382
180° <0.0001 0.865 0.748
Session 3 135° 0.147 0.286 0.082
90° <0.0001 0.707 0.499

Values expressed as a p value of statistical significance; r value: Pearson’s correlation coefficient and 2 indicating
the proportion of variance.

Table 14. The results of force measurements at 135° of shoulder abduction using Active5™ and
K-Force Plates.

Force Measured at 135° of Shoulder Abduction in Males (kg)

Studied

. Session Device X SD CV % SEM MDC
Limb
Session 1 Active5™ 7.65 2.95 38.62 0.56 1.55
ession K-Force Plates 5.76 1.84 31.96 0.35 0.96
Dominant Session 2 Active5™ 7.54 3.05 40.48 0.58 1.60
ominan ession K-Force Plates 5.83 1.84 31.67 0.35 0.96
. Active5™ 7.61 3.26 42.79 0.62 1.71
Session 3

K-Force Plates 5.87 191 32.51 0.36 0.99
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Table 14. Cont.
Force Measured at 135° of Shoulder Abduction in Males (kg)
Studied Session Device X SD CV % SEM MDC
Limb
Session 1 Active5™ 6.75 2.34 34.66 0.45 1.24
ession K-Force Plates 5.12 1.75 34.25 0.33 0.91
Nondomi Session 2 Active5™ 6.87 2.75 40.10 0.53 1.46
ondominant ession K-Force Plates 5.11 1.65 32.35 0.31 0.85
Session 3 Activeb™ 6.55 2.86 43.63 0.55 1.52
ession K-Force Plates 5.19 1.74 33.49 0.33 0.91
Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).
Table 15. The results of force measurements at 135° of shoulder abduction using Active5™ and
K-Force Plates.
Force Measured at 90° of Shoulder Abduction in Males (kg)
Studied Session Device x SD CV % SEM MDC
Limb
Session 1 Activeb™ 5.95 2.04 34.39 0.39 1.08
ession K-Force Plates 5.37 1.71 31.87 0.32 0.88
Domi Session 2 Active5™ 5.95 211 35.60 0.40 1.11
ominant ession K-Force Plates 533 1.75 32.88 0.33 0.91
Session 3 Active5™ 6.05 2.31 38.18 0.44 1.21
ession K-Force Plates 5.41 1.71 31.60 0.32 0.88
Session 1 Activeb™ 5.36 1.65 30.87 0.31 0.85
ession K-Force Plates 4.76 1.34 28.30 0.25 0.69
Nondomi Session 2 Active5™ 541 1.88 34.80 0.36 0.99
ondominant ession K-Force Plates 4.75 1.41 29.67 0.27 0.74
Session 3 Active5™ 5.46 1.89 34.75 0.36 0.99
ession K-Force Plates 4.77 1.34 28.11 0.25 0.69

Values are expressed as arithmetic mean (x), standard deviation (SD), coefficient of variation (CV), and standard
error of measurement (SEM); minimal detectable change (MDC).

The upper and lower limits of the agreement of the mean differences between force
measurement results were determined using the Bland—-Altman plots attached in the
Supplemental Material (Supplementary Material S1).

4. Discussion

The study aimed to determine the reliability and validity of Active5™ usage in the
ASH test compared to a force plate. The two devices were compared in terms of their
intrarater and inter-rater reliability in performing the ASH test. Additionally, we examined
whether any linear correlation exists between the results of the ASH test conducted using
the two devices. The analysis was performed separately for women and men. The results
from our study showed that intrarater reliability was good to excellent for Active5™ and
was excellent for K-Force plates. Inter-rater reliability was excellent for both devices. It
was also determined that the results of the ASH test performed using Active5™ strongly
correlated with those obtained using K-Force plates at 180° and 90° shoulder abduction.
The results obtained with different devices at 135° should be always compared with
considerable caution.

Shoulder injuries are very common among athletes; therefore, appropriate diagnos-
tic methods are of high interest. The ability to quantify shoulder strength quickly and
accurately may be especially important during athlete monitoring throughout the season
and when making return-to-play decisions [23,24]. The most important consideration in
shoulder strength assessment is that the measurement should be performed in a position
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close to that relating to a shoulder injury [25,26]. The most common mechanism of sports
injury is when a resisted force causes the shoulder to be pushed into extremes of range in
horizontal abduction or flexion [23,26]. The ASH test, when performed using a straight
arm with force delivery at the end of a long lever, allows a condition very like force transfer
requirements experienced in sporting actions to be obtained [23,26,27]. It was reported
previously that the ASH test performed with a force plate might quantify force production
in long-lever positions, defined as the three arm positions, precisely 180°, I test; 135°, Y test,
and 90°, T test, which may indicate potential interlimb or post-injury deficits [28].

Isokinetic testing is considered to be the best method for muscle strength assess-
ment [29], but as was underlined, for example, by Impellizzeri et al. (2009), this method
does not allow for the evaluation of shoulder strength in similar positions to the mechanisms
of injury [15]. Furthermore, isokinetic testing requires expensive equipment, which is very
often not accessible for amateur clubs [25,29]. Other methods reported in shoulder force
assessment are HHD [8], manual muscle testing [30], sphygmomanometer testing [25,31,32],
and force plates [33,34]. The lowest reliability was reported for manual muscle testing [30];
therefore, its utility is limited despite its affordability. Sphygmomanometer testing has
been described as a cheap and reliable method of strength assessment for lower limbs [31]
and shoulder strength in internal, external rotation, and scaption [35]. Additionally, high
correlations were found between the force platform and sphygmomanometer for all three
test positions [35].

The reported reliability of upper limb strength measured with HHD in the internal and
external rotation was high for the following positions: standing, ICC: 0.92-0.96 [36]; seated,
ICC: 0.68-0.99 [37], and in multiple positions, ICC: 0.93-0.99 [8]. The major drawback
of HHD testing is the short lever arm of strength measured. Therefore, some authors
have suggested that this test is vulnerable to errors, which may be the reason for its lower
reliability. It was suggested by Holt et al. (2016) that the higher forces produced by stronger
athletes may induce tester-athlete strength imbalances and therefore reduce HHD test
reliability [38]. They postulated a stable force platform to be more appropriate for these
populations [8,38]. The force platform was described as a valid tool for assessing isometric
strength [33]; if the subject applies force to a fixed device, the tester strength as a potential
source of measurement error is eliminated. Because HHD is a portable device, highly
accessible, and easy to use, it is probably the most popular upper limb strength assessment
method, despite its weaknesses.

Force plates have been considered much more portable and, depending on their
hardware, much cheaper than isokinetic dynamometers and more reliable than a sphyg-
momanometer or HHD for upper limb and shoulder girdle strength testing. Additionally,
Ashworth et al. (2018) found excellent reliability (ICC = 0.94-0.98) in the three measure-
ment positions, namely I test, Y test, and T test [13]. Our data confirmed the results of the
Ashworth et al. (2018) study, supporting the use of the ASH test together with a strength
measurement device as a reliable tool for quantifying the ability to produce and transfer
force across the shoulder girdle [13].

Reliability is defined as the extent to which measurements can be replicated [18].
In the past, paired t-tests, Bland—Altman plots, and Pearson correlation coefficient have
been used to assess reliability. Today we know that these are not the best methods for
evaluating reliability, as they only measure correlation [19]. In contrast, the ICC reflects both
degrees of correlation and agreement between measurements, making it a better method
for reliability assessment purposes [18]. Therefore, it has been widely used to evaluate
inter-rater reliability, intrarater reliability, and test-retest reliability of, for example, different
components of functional diagnostics [18,39-41]. The results from our study demonstrated
good to excellent reliability of Active5™ for shoulder strength measurement at all three
positions of the ASH test. Moreover, we observed excellent reliability for K-Force Plates for
both inter-rater and test-retest reliability in dominant and nondominant limbs. However,
the high repeatability obtained on both devices does not directly suggest that they may be
used equally in assessing shoulder strength. As far as the values obtained at 180° and 90°
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using both studied devices were comparable, no correlation was found between the results
gathered at 135°.

One group of authors reported lower reliability at the I test position [25], but the reason
for this is unclear. They suggested this be caused by the highest forces typically occurring
in the I test position, and therefore any variation potentially being more pronounced.
This group used a sphygmomanometer for shoulder strength assessment, which has been
reported to be less sensitive than a force plate in the ASH test. However, the results from our
study did not support this idea, indicating a similar reliability level at all three positions.

Active5™ is a portable isometric-based strength training device that measures maximal
isometric strength. So far, there is no literature available on the reliability and validity of the
strength measurement using this device. The ASH test is simple to perform and interpret
and does not require a lot of space. This facts in combination with a relatively inexpensive
and easy-to-use device like Active5™ makes the test performance commonly available. The
test may help to identify athletes with unknown conditions even if they do not present any
signs or symptoms. The ASH test itself will not diagnose a problem affecting the strength
of the shoulder and upper limb, but may indicate that one exists.

When performing between-group comparison and comparison of results at different
time points, it must be remembered that obtained force values need to be normalized.
Originally, Ashworth et al. (2018) normalized obtained values by dividing them by arm
length value measured from the posterior angle of the acromion to the wrist joint line in
each upper limb [13]. However, it remains unknown whether this kind of normalization is
ideal as, for example, there have been no studies regarding the impact of body mass on the
result of the ASH test.

As between-sex differences are considered highly important in the reliability of specific
tests, the results in the present manuscript were analyzed separately for a group of females
and a group of males. The reliability of the ASH test performed using Active5™ was
comparable in both studied groups, indicating that it might be used for both women
and men.

The main limitations of this study and, therefore, the validity of the test are the
inclusion of healthy, recreational athletes without shoulder injuries only. Future research
should focus on implementing the ASH test in both sports and clinical practice to determine
its usefulness as a diagnostic and monitoring tool. Additionally, further study should be
developed in terms of comparative analysis of ASH test results with other tools being used
in upper limb examination.

5. Conclusions

The present study supports the isometric-based strength training device Active5™ as a
reliable tool for the ASH test performance in females and males. Using a portable isometric-
based strength training device, Active5™ constitutes a less expensive and more portable
alternative to a gold standard force plate for ASH test purposes. It should be highlighted
that the force values obtained with one of the studied devices can be compared to those
obtained with the other device for measurements at 180° and 90° shoulder abduction.
However, the comparison of results obtained at the angle of 135° should be carried out
with considerable caution.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /biology11040577/s1, Supplementary Material S1: Figure S1-54.
Bland—-Altman plots comparing the obtained values of force measured during the three sessions
by two raters in three different angular positions in dominant and nondominant shoulders using
Active5™ and K-Force Plates.
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