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Abstract
Background

Upper extremity injuries are common in overhead sports,
however objective criteria to support return to sport decisions
remains limited. This study seeks to create preliminary data on
a novel shoulder test for functional strength, prior to return to
play after a shoulder injury.

Purpose

The purpose of this study is to establish reliability and
feasibility of a novel functional shoulder strength test.

Study Design
Test-Retest Reliability Study
Methods

22 healthy subjects were recruited for this study. The study
was conducted over two non-consecutive days. Each testing
session consisted of 4 testing positions which included 1, Y,
internal rotation (IR), and external rotation (ER). Both upper
extremities were tested to ensure accurate data between dominant
and non-dominant limbs. Intra-class correlation coefficient
(ICC) was performed to establish the reliability of this functional
test.

Results

Of each testing position, all were found to have very good
reliability (>0.85 ICC) while I, Y and ER for both limbs were
found to have excellent reliability (>0.90 ICC).

Conclusion

The Kerlan-Jobe Functional Shoulder Test has data supporting
its reliability. This study should be followed by larger scale studies,
to further investigate its reliability across diverse populations.

Clinical Relevance

Return to sport criteria after upper extremity injury is
limited. This study designed a novel test, providing objective
data, to aid in clearance of an athlete for return to overhead
sports.

Keywords: Overhead Athlete; Return to Sport; Shoulder;
Shoulder Injury

Introduction

Shoulder and elbow injuries are common in overhead
sports (Laudner & Sipes, 2009; Wong et al., 2017). Overhead
sports are classified as any sport in which athletes must throw
an object or perform a hitting motion using the upper
extremity (Asker et al., 2018). Overhead sports include but are
not limited to baseball, water polo, javelin, and volleyball. In
overhead, the shoulder and elbow are at increased risk of
injury due to the high forces required to perform sport specific
tasks (Cain et al., 2003; Wright et al., 2018).
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In the shoulder, the repetitive overhead motion can lead to
injuries to the labrum, rotator cuff, and proximal biceps tendon
(Abrams & Safran, 2010; Chalmers & Verma, 2016;
Economopoulos & Brockmeier, 2012). Post injury, conservative
management is typically utilized as first line treatment, which
includes manual therapy, addressing mobility deficits, and
strengthening peri-scapular musculature (de Mey et al., 2012;
Wilk et al., 2002). If conservative management fails, a surgical
decision is usually indicated and performed enable the athlete
to return to play.

Following conservative or surgical management of the
injury, the rehabilitation goal is to restore motion, strength,
and function of the upper extremity, which is crucial for
overhead performance (Wilk et al., 2015, 2016). While there is
a plethora of rehabilitation protocols made for these injuries,
they do not provide objective measures strength to aid in
decision making for returnto sport.

In contrast to upper extremity injuries, lower extremity
injuries have many objective measurements for return to sport
criteria (Domb et al., 2014; Harris et al., 2014). For example,
after ACL injury it is common for patients to undergo a
battery of tests utilized to assess the function of the knee and
lower extremity, such as hop and jump tests (W. T. Davies et
al., 2020; Gustavsson et al., 2006; Logerstedt et al., 2012). |
for athletes suffering from ACL injuries, the best evidence
states that they should reach a limb-symmetry index (LSI) of
at least 90% for return to sport (Blichler et al., 2016; Nagai et
al., 2020; Rohman et al., 2015). The upper extremity should
have similar evidence based standards for return to play.

Recently, Ashworth et al. (2018) created a series of
functional tests to assess return to tackling in rugby athletes,
which consists of three testing positions (Ashworth et al.,
2018). Due to the lack of objective data in returning to
overhead sports, the authors of the current study decided to
perform a study to investigate this novel functional shoulder
test. The purpose of this study is to investigate the reliability
of a functional shoulder test in assessing return to sport in
overhead athletes.

Methods

This is a test-retest study of healthy subjects to assess
measures of upper extremity strength on portable force decks
(VALD performance, Queensland, AU). Based on a similar
study by Ashworth et al. (2018) which used 18 healthy
subjects, the authors planned for enrollment of 18 subjects. A
total of 22 healthy subjects were enrolled and subsequently
tested. (Ashworth et al., 2018). All subjects were employees of
the testing institution, recruited with flyers, email, and by
word of mouth. All subjects were provided with a written and
verbal explanation of the testing procedures, before enroliment,
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which was approved by the Institutional Review Board.
Subjects were excluded if they had sustained an acute injury to
the neck or shoulder girdle (<72 hours prior to testing),
experienced pain post testing that lasted longer than 20
minutes, or if they were unable to get into any one of the
standardized testing positions secondary to inadequate range
of motion.

Functional Shoulder Test

The functional shoulder tests consisted of 4 testing
positions; 3 in the prone position and 1 in supine. The hand of
the corresponding upper extremity performing the test was
placed on a portable force plate connected to data analysis
software (VALD Performance, Queensland, AU). For the I-
test, the shoulder was in full forward flexion, the forearm in
pronation, and the palm as the point of contact with the force
plate. For the Y-test, the shoulder was placed in 135 degrees
of shoulder abduction, forearm in pronation, and the palm as
the point of contact with the force plate. For the internal
rotation (IR) test, the shoulder was in the 90/90 position (90
degrees of shoulder abduction, 90 degrees of elbow flexion).
In the external rotation (ER) test, the subject was supine, and
shoulder was in the 90/90 position (90 degrees of shoulder
abduction, 90 degrees of elbow flexion). For the | and Y tests,
the elbow was fully extended. For the IR and ER tests, the
elbow was flexed to 90 degrees. The hand was the only point
of contact and the remaining upper extremity was parallel to
the force plate and hovering above the floor for all testing
positions.

Figure 1 demonstrates the positions of the 4 tests.
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| Test
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Y-Test

IR Test
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ER Test

Copyright: ©

2022 Zach McVicker ™

Each subject performed a self-paced warm-up consisting
of active shoulder range of motion, to increase blow flow to
extremity in preparation for testing. Subjects were provided
instructions for each test, verbalized understanding, and
allowed to perform two trials of each testing session before
data collection.

In the prone testing positions (I, Y, IR), subjects were
directed to maintain their scapula in a neutral position relative
to the upper extremity being tested (no winging, anterior tilt,
or excessive upward rotation). Before data collection in each
test position, standardized positioning was visually confirmed.
The contralateral arm was placed behind the back to avoid
compensatory force production. During each test, the subject
was directed to stabilize their core, to limit trunk rotation
without using the contralateral arm. If the subject failed to
maintain the standardized position at any time point during the
testing, the data was discarded, and another trial was
performed. The supine test (ER) was performed by having the
subject lie flat with the uninvolved arm resting on the ground
next to the participant. Tests were consistently performed in
the following order: I, Y, IR, ER and conducted on two non-
consecutive days with a day of rest (Monday and Wednesday
or Tuesday and Thursday). Each testing position was
performed three times with the average being used for data
analysis. The entire testing protocol took less than 10 minutes
per subject, including warm-up and recovery periods. Upon
arrival for their second testing session, subjects were asked if
they had any questions or concerns, then were reminded of the
testing protocol.

The testing protocol consisted of performing all 4
positions, with 3 trials in each position. Each subject was
instructed to “press down with maximal effort”, and verbal
encouragement was provided at the start of each test. Each
attempt consisted of 3 seconds of exertion, alternating with 5
seconds of rest. During the rest period the extremity was
removed from the force plate. A 20 second recovery was used
between test positions. Testing, supervision, instruction and
data collection was performed by the same author for consistency.

Statistical Analysis

A power analysis was performed using Interclass Correlation
Coefficient (ICC) values proposed by Fleiss using a minimum
ICC value of 0.70 (moderate) and Expected ICC value of 0.90
(excellent) with significance level of 0.05 and power of 80%
(Kottner et al., 2011). The average of the three tests was used
for data analysis and we expected a 10% dropout rate which
yielded a 19 subject sample size to achieve statistical significance.

The average Peak Vertical Force (PVF) was collected for
each upper extremity test, and used in the analysis. The PVF is
defined as the maximum force exerted perpendicular to the
surface by the hand on the force plate (Kirby et al., 2011;
Ortega et al., 2010). Mean and Standard Deviation (SD) were
calculated for maximum and mean PVF in newtons. Parametric
tests were used to analyze the data due to its normal
distribution determined by the Kruskal-Willis Test. To assess
the reliability of each test position over the testing sessions,
the authors calculated the intraclass correlation coefficient
(ICC). The results were interpreted based on work by Fleiss et
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al. (2011). Fleiss found that higher values indicate higher
reliability (>0.90=excellent; 0.80-0.89=good; 0.70-0.79 moderate;
<0.70 low). The bias, root mean square (RMSE), and coefficient of
variation (CV) were also calculated to measure the variability
between each position and test session.
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Results

22 participants were enrolled in the study. No participants
were excluded based on the criteria listed previously. Table 1
list the demographics of the subjects.

Demographics

Average

Range

Age

22-51 years old

Height

61-77 inches

Weight

100-235 Ilbs

Gender

7 females, 15 males

Hand Dominance

2 Left, 20 Right

Intraclass correlation coefficient (ICC) was calculated for
each testing position and limb. ICC was excellent (>0.90) for
all test positions except IR, which was very good at 0.85. ICC
for I-right was 0.97, I-left was 0.97, Y-right was 0.95, Y-left
was 0.95, IR- right was 0.89, IR- left was 0.86, ER- right was

Root Mean Square Error (RMSE) ranges from 8.81-27.04. The
Bland-Altman Method is used to quantify agreement between
two quantitative measurements by construction limits of
agreement. It was used for each of the tests to evaluate for bias
between mean differences and to estimate an agreement

0.93, and ER-left was 0.91. The coefficient of variation (CV) interval.
was found to be in the range of (0.14-0.20) for all tests. The
Test Day 1 Day 2 ICC CV (%) RMSE Bias
Position
Right | Test 140.00+ 141.00+62. 0.96 (0.93 to 14.6 (10.03to | 15.71(11.14 | -2.71
Arm 62.23 14 0.99) 19.1) to 20.28)
Y Test 123.63+52 | 117.89+49. 0.95 (0.92 to 14.0 (9.27 to 16.93 (12.2. 5.46
84 60 0.98) 18.73) to 21.66)
IR Test 132.27 134.55+46. 0.89 (0.86 to 17.6 (10.69to | 23.39(16.48 | -2.28
+52.03 68 0.92) 24.51) to 30.3)
ER Test 78.09 £ 79.25+£23.1 0.93 (0.90 to 11.2 (8.62to 8.81 (6.23 -1.16
24.31 6 0.96) 13.78) to 11.39)
Left | Test 129.34456 | 134.31453. 0.97 (0.94 to 10.6 (6.76 to | 14.01 (10.14 | -4.97
Arm 64 38 0.99) 14.47) to 17.88)
Y Test | 115.71+45 | 111.71+39. | 0.95(0.92 to 13.6 (9.16to | 15.56 (11.12 | 3.99
.08 96 0.98) 18.04) to 20)
IR Test 130.47+51 | 131.25+48. 0.85(0.82 to 20.6 (12.62to | 27.04 (19.06 | -0.77
.92 04 0.88) 28.58) to 35.05)
ER Test 73.19+26. | 67.21+21.7 0.90 (0.87 to 18.4 (13.61to | 12.95(8.16 5.97
70 0 0.93) 23.19) to 17.91)
40 | Test Right
30 e e e mm. Bias -2.71
SD 15.48207
20 e ¢ Lower
10 * LOA -33.0549
o b T L Upper
0 % . - LOA 27.63485
10 ° RMSE 1571746
Ccv 0.146666
20 ® e ICC 0.968546
S IR
-40
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Discussion

In this study, the authors evaluated a series of functional
shoulder strength tests, designed to test positional strength that
is required of overhead athletes. We used portable force plates
to evaluate 4 testing positions (I, Y, IR, ER). The | and Y tests
were implemented based on common biomechanics in
overhead sports (Weber et al., 20144, 2014b). Specific to throwing,
IR and ER strength is necessary to perform overhead motions,
while producing high amounts of force and velocity. (Mascarin
et al., 2017; Sirota et al., 1997). Furthermore, lack of strength in
the rotator cuff musculature is a risk factor for shoulder injury
(van der Hoeven & Kibler, 2006). The ratios of IR/ER have
been investigated and found to be a potential risk factor for
injury in overhead athletes (Brown et al., 1988; Ellenbecker &
Mattalino, 1997).

Although baseball may be the most popular overhead
sport, we sought to be more inclusive and give clinicians
working with other overhead athletes, an objective measure, to
aid in decision making for return to sport. In sports such as
volleyball, the ball is hit from varying angles, corresponding
primarily to the I and Y positions (Kilic et al., 2017; Stickley
et al., 2008). In sports such as football, baseball, and water
polo; the I and Y also are a component of each of those sports
throwing motion (Escamilla & Andrews, 2009; Hsu et al.,
2005). More specifically, the late cocking phase of throwing is
when the arm reaches maximal external rotation and abduction
followed by an acceleration into internal rotation (Fortenbaugh
et al., 2009). Type 2 SLAP tears as classified by Snyder et al.
are thought to occur in this late-cocking phase due to forces
placed on the superior labrum, secondary to torsion of the long
head of the biceps tendon (LHBT) (Knesek et al., 2013;
Snyder et al., 1990). Type 3,4 SLAP tears are thought to occur
during the traction forces of the LHBT pulling on the labrum
(Snyder et al., 1990; Yeh et al., 2005). Injuries to the rotator
cuff are also common in throwers secondary to internal
impingement or eccentric overload (Heyworth & Williams,
2009; McFarland et al., 1999). For example, with repetitive
cocking there is increased contact between the rotator cuff
musculature (posterior supraspinatus and anterior infraspinatus)
between the posterior humeral head and glenoid rim (Drakos et

al., 2009). The large eccentric force placed on the rotator cuff
during deceleration phase of throwing has been shown to
result in injury as well (Camargo et al., 2014; Niederbracht et
al., 2008). By implementing these 4 tests, a clinician will have
objective measures of strength that are more specific to
demands of overhead athletes, likely leading to more informed
decision making regarding return to play.

To our knowledge, this is the first study utilizing a series
of functional strength measures, specific to strength necessary
for the demands of an overhead athlete. Ashworth et al. (2018)
tested the reliability of a series of tests on portable force plates
in various positions (I, Y, T) made to mimic motions in rugby
and found excellent reliability (ICC 0.94-0.98) (Ashworth et
al., 2018). However, these tests were made as a return to
tackling test in rugby, which has different demands in comparison
to overhead sports.

Holt et al. (2016) investigated inter and intra-reliability of
hand-held (HHD) and externally fixed dynamometry for
shoulder IR and ER strength and their correlation to isokinetic
testing using 20 healthy subjects (Holt et al., 2016a). Subjects
were standing and either exerting force onto a clinician holding an
HHD or against an isokinetic strength machine. They found that
both measures of strength were suitable for clinical practice
and research (HD 1CC=0.89-0.97; HD EFD ICC=0.88-0.96)
(Holt et al., 2016a). Similarly, Cadogan et al. (2010) measured
reliability of a new HHD in measuring isometric muscle strength in
40 subjects with unilateral shoulder pain (Cadogan et al., 2011).
The authors assessed seated shoulder abduction, seated external
rotation in a neutral position and found a high level of reliability
(ICC 0.85-0.99; LOA 6-24 degrees and 1.1-7.0 kg) (Cadogan et
al., 2011).

Our study follows a similar testing position from Awatani
et al. (2016) using an HHD on the ground where subjects were
in the prone position (Awatani et al., 2016). Although no
picture is present within the manuscript, this seems to follow
the | position used by this study and Ashworth et al. (2018).
Awatani et al. (2016) test same-session data and between-day
data and found moderate to excellent reliability (0.797-0.985)
Cools et al. (2014) measured shoulder IR and ER in the
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supine, sitting, and prone positions with HHD and found good
to excellent reliability for each position (Cools et al., 2014b).

Although there is paucity in the literature regarding upper
extremity isometric strength on force plates, we were able to
compare our methods to those of Ashworth et al. (2018) and
McCall et al. (2015). McCall et al. (2015) used portable force
plates to examine the reliability and sensitivity of strength
tests on posterior limb musculature in soccer players (McCall
et al., 2015). They found a high reliability for strength testing
of both dominant and non-dominant legs (D: CV=4.3%,
ICC=0.95, ES=0.15; ND: CV=5.4%, 1CC=0.95, ES=0.14) and
concluded that the use isometric strength testing on portable
force plates was useful and practical (McCall et al., 2015).
Ashworth et al. (2018) similarly found excellent reliability
(ICC 0.94-0.98, SEM 4.8-10.18) in their 3 upper extremity
testing positions.

In the literature, there is high variability in terms of when
to initiate a throwing progression and/or when to clear an
athlete to return to sport after upper extremity injuries. In the
lower extremity, due to a plethora of literature on knee and hip
injuries, more objective criteria to aid in return to sport
decision making exists (Casartelli et al., 2015; G. J. Davies et
al., 2017; Kaplan & Witvrouw, 2019; Kim et al., 2016). For
example, isokinetic testing, force plate testing, and field
battery testsusing a Limb-Symmetry Index (LSI) of at least
85-90% is somewhat of a standard used to clear an athlete for
return to sport (Ebert et al., 2018; Gaunt & Curd, 2001;
Gokeler et al., 2017). These studies provide framework for the
utilization of LSI, for clearance of an athlete to an overhead
sport, after an upper extremity injury. The Kerlan-Jobe Functional
Shoulder test may serve to provide normative values for upper
extremity LSI, thus leading to more objective evaluation for
return to sport.

Limitations

This study used healthy volunteers to provide preliminary
data on a novel functional shoulder strength test, thus it is too
early to extrapolate the results to the targeted population of
overhead athletes. The testing sessions were spread between
days (ex: Monday, Wednesday) which may not have been the
ideal setting for testing reliability as other studies have used
same day and consecutive day sessions. The prone and supine
positions may not be truly functional as the sports we seek to
imitate occur while standing and varying positions of the
lower extremities, and trunk rotation. However, since shoulder
and elbow injuries are common in overhead athletes, the prone
and supine positions attempt to isolate the shoulder musculature.
We decided to use an exertion: rest ratio of 3 seconds to 5 seconds,
and a rest period of 20 seconds between trials which differ from
other testing protocols (Cools et al., 2014; Holt et al., 2016).
Normative strength data comparing dominant and non-
dominant upper extremities, and objective criteria relating to a
level of LSI that would be acceptable for clearance to return to
sport is lacking in the literature. Thus the Kerlan-Jobe Functional
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Shoulder test needs to be validated across diverse overhead
sport populations, and therefore should not be used as the only
criteria for returning an athlete to an overhead sport at this
time.

Conclusion

The Kerlan-Jobe Functional Shoulder Test performed with
very good to excellent reliability in all positions. Our cohort of
22 subjects consisted of healthy subjects from both genders
along with a varied age range (22-51). The high reliability shows a
positive trend that the 4 testing positions may have clinical utility
when making a return to sport decision with overhead athletes.
Larger scale studies should be explored in athletes returning to
various overhead sports. As no test should be used alone, the
authors suggest using this testing series in conjunction with
other strength tests, assessments, and biopsychosocial measures to
aid in return to sport decision making.
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