
Original Research 

Reliability of Upper Extremity Functional Performance Tests for         
Overhead Sports Activities    
Bryan L Riemanna, Kevin E Wilk, George J Davies 
Keywords: Shoulder, Return to Sport, Limb Symmetry Index, Seated Single Arm Shot Put Test 

https://doi.org/10.26603/001c.74368 

International Journal of Sports Physical Therapy 
Vol. V18, Issue 3, 2023 

Background  
There is lack of consensus on which tests, particularly upper extremity functional 
performance tests (FPT) that should be used for clinical decision making to progress a 
patient through a rehabilitation program or criteria for return to sport (RTS). 
Consequently, there is a need for tests with good psychometric properties that can be 
administered with minimal equipment and time. 

Purpose  
(1) To establish the intersession reliability of several open kinetic chain FPT in healthy 
young adults with a history of overhead sport participation. (2) To examine the 
intersession reliability of the limb symmetry indices (LSI) from each test. 

Study Design   
Test-retest reliability, single cohort study. 

Methods  
Forty adults (20 males, 20 females) completed four upper extremity FPT during two data 
collection sessions three to seven days apart: 1) prone medicine ball drop test 
90°shoulder abduction (PMBDT 90°), 2) prone medicine ball drop test 90°shoulder 
abduction/90° elbow flexion (PMBDT 90°-90°), 3) half-kneeling medicine ball rebound 
test (HKMBRT), 4) seated single arm shot put test (SSASPT). Measures of systematic bias, 
absolute reliability and relative reliability were computed between the sessions for both 
the original test scores and LSI. 

Results  
Except for the SSASPT, all tests demonstrated significant (p ≤ 0.030) improvements in 
performance during the second session. Generally, for the medicine ball drop/rebound 
tests, the absolute reliability was the highest (less random error) for the HKMBRT, next 
the PMBDT 90°followed by PMBDT 90°-90°. Excellent relative reliability existed for the 
PMBDT 90°, HKMBRT, and SSASPT, whereas fair to excellent relative reliability for the 
PMBDT 90°-90°. The SSASPT LSI revealed the highest relative and absolute reliability. 

Conclusion  
Two tests, HKMBRT and SSASPT demonstrated sufficient reliability; therefore, the 
authors’ recommend those tests can be used for serial assessments to advance a patient 
through a rehabilitation program as well as criteria for progression to RTS. 
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Level of Evidence    
3 

INTRODUCTION 

Despite comparable injury rates between the shoulder and 
knee, particularly in overhead sports, much less research 
attention has been paid to the return to sport (RTS) clinical 
decision-making process following shoulder injury and 
surgery. For example, there are over twice as many refer-
ences indexed by PubMed.gov (searches conducted 11/26/
22) concerning RTS for the knee ([return to sport] AND 
[knee]=1988 results) compared to the shoulder ([return to 
sport] AND [shoulder]=914 results). Based upon several re-
cent systematic reviews and meta-analyses,1–4 the success 
of RTS and return to previous level of play following shoul-
der surgery is highly variable between investigations. While 
overall RTS ranges between 62.7% to 100%,1–5 those seek-
ing to return to competitive overhead sports demonstrate 
less success at returning to the same or higher level of 
play.1,3,4 In addition to level of play, the specific injury and 
management (i.e., conservative versus surgical), age of ath-
lete, and duration of follow up also likely contribute to the 
highly variable RTS estimates. 
While it is certainly multi-factorial as to why and how 

an athlete returns to sport following shoulder injury or 
surgery, the complexity of RTS clinical decision-making is 
complicated by the lack of consensus or agreed upon met-
rics regarding the criteria that should be used.6–9 System-
atic reviews and meta-analyses consistently report time 
following surgery as the most commonly used criteria for 
RTS.3,10–12 A few studies have used strength or range of 
motion, either in isolation, or in conjunction with time 
as RTS criteria.10–12 While time post-surgery would ac-
count for biological tissue healing with strength and range 
of motion being important markers of preliminary func-
tional recovery, there appears to be a gap between the RTS 
criteria being used and whether a patient truly has the nec-
essary recovery prerequisites to being ready for more rigor-
ous sport specific activities and return to prior levels of per-
formance. 
The most recent consensus statement regarding RTS fol-

lowing shoulder injury recommends sport specific upper 
extremity tests be used with RTS decision making.9 Inter-
estingly several of the tests suggested are bilateral tasks, 
while others do not replicate common movement patterns 
or demands imposed by many sport activities (e.g., the Y-
Balance test) to provide insight about the readiness to RTS. 
In addition to many sports involving unilateral activities, 
the use of bilateral tasks may permit compensation by the 
unaffected limb, thereby masking underlying performance 
deficiencies. Specific to overhead athletes is the function 
of both the anterior and posterior musculature with the 
shoulder in an abducted position. First suggested by Wilk et 
al. for assessments with overhead athletes,13 and included 
in the Bern Consensus,9 are the prone medicine ball drop 
test (PMBDT) and wall throws test. Despite the apparent 
ecological validity of these assessments to the overhead 
athlete, reliability metrics remain unknown. 

The seated single arm shot put test (SSASPT) is an ad-
ditional unilateral upper extremity functional performance 
test that has been studied in both healthy individuals14–18 

and patients with shoulder pain or injury.19–21 Similar to 
other unilateral functional performance tests, in circum-
stances of unilateral pathology, a limb symmetry index 
(LSI) can be computed to provide a unitless metric to inter-
pret a patient’s performance thereby avoiding many of the 
confounding issues with normative data comparisons. Pre-
vious literature has reported SSASPT LSI in healthy persons 
ranges between 103 to 111%,14–18,20 favoring the dominant 
limb. Additionally, a previous investigation17 demonstrated 
that, except for greater release velocities for the dominant 
limb, which were attributable to underlying strength and 
power differences, healthy persons perform the SSASPT 
with similar underlying projection mechanics between the 
dominant and nondominant limbs. Most recently,19 the 
SSASPT LSI was demonstrated to have minimal association 
with a patient reported outcome measure (QuickDASH) in 
patients being discharged from physical therapy following 
shoulder injury or surgery. This finding suggests that both 
subjective and objective measures are needed to attain a 
complete assessment of a patient’s functional and per-
ceived status. Furthermore, patients with nondominant 
shoulder involvement being discharged from rehabilitation 
exhibited lower SSASPT LSI than patients with dominant 
shoulder involvement.21 Surprisingly, despite all the atten-
tion the SSASPT LSI has received in the literature, to date, 
there have been no investigations regarding the reliability 
of the LSI metric. 
The purpose of this investigation was to establish the 

intersession reliability of several open kinetic chain (OKC) 
functional performance tests (FPT) in healthy young adults 
with a history of overhead sport participation. Specifically 
studied were two variations of the PMBDT (shoulder ab-
ducted 90°, shoulder abducted 90°/elbow flexed 90°) and 
a variation of the wall throws test (half-kneeling medicine 
ball rebound test [HKMBRT]). To provide context for the re-
liability results of the three assessments, the SSASPT was 
also included. A secondary purpose was to examine the in-
tersession reliability of the LSI computed from the SSASPT, 
HKMBRT and two PMBDT. The hypotheses were that all 
tests would demonstrate moderate to good reliability, with 
the reliability of LSI expected to be slightly less than the 
original scores. 

METHODS 
PARTICIPANTS 

Forty healthy young adults (20 males, 20 females) with a 
history of overhead sport participation were recruited for 
the study. Prior to study participation, participants com-
pleted a demographic, injury and physical activity history 
form and the 2019 Physical Activity Readiness-Question-
naire. All forms were reviewed by a member of the inves-
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tigative team to verify that each participant was appropri-
ate for study participation. Inclusion criteria included being 
between 18 and 35 yrs old, meeting the American College 
of Sports Medicine criteria for being physically active,22 

and participation in an overhead recreational or competi-
tive sport for a minimum of one year. Participants were ex-
cluded if they had a previous history of cervical spine or up-
per extremity injury or surgery within a year prior of data 
collection, were deficient in the range of motion needed 
to adopt the upper extremity testing positions required to 
perform the tests or were unable to complete the tests as 
prescribed. This investigation was approved by a univer-
sity institutional review board and all participants read and 
signed an approved informed consent form. 

RESEARCH DESIGN 

This study utilized a randomized repeated measures re-
search design. Study participation required two testing ses-
sions three to seven days apart. Testing sessions were 
scheduled at near identical times each day and participants 
were asked to avoid vigorous physical activity (e.g., upper 
extremity resistance or exercise training), 24 hours prior to 
each session. At each session, participants completed iden-
tical protocols. Each participant was randomly allocated a 
test and limb (dominant, nondominant) order; the order 
used for the first session was replicated for the partici-
pant’s second session. At the beginning of each session, all 
participants completed a warm-up which consisted of arm 
circles forwards, backwards, and arm crosses. Each warm-
up activity was completed for thirty seconds, for a total of 
three sets. After completion of the warm-up, participants 
were shown a pre-recorded demonstration video illustrat-
ing the four tests to be performed. Prior to the two PMBDT 
and HKMBRT tests, participants were given time to practice 
each task and demonstrate proficiency. Proficiency was de-
fined as being able to repetitively and continuous perform 
the two PMBDT and HKMBRT tasks without hesitation be-
tween catches. Familiarization to the SSASPT procedures 
was a component of the four-trial gradient warm up de-
scribed below. Additional time and cuing were provided 
to participants as needed. Between each test, participants 
completed two-minute rest periods. 

TEST PROCEDURES 

PRONE MEDICINE BALL DROP TEST AT 90° SHOULDER 
ABDUCTION (PMBDT 90°) 

The PMBDT 90° (Figure 1) was performed with the partic-
ipants lying prone on a treatment plinth with their testing 
shoulder abducted to 90°, elbow straight, and the forearm 
supinated (palm to floor).13 The non-testing arm was sup-
ported over the opposite side of the table. Participants were 
instructed to not grasp the table during testing. Partici-
pants dropped and caught a .91 kg medicine ball as many 
times as possible for thirty seconds.13 A mobile stool was 
placed under the hand to catch the medicine ball in circum-
stances in which the participants missed a catch. During 
the test participants were verbally instructed to maintain 

Figure 1. Positioning for the performance of the Prone        
Medicine Ball Drop Test at 90° shoulder abduction.         

the 90° shoulder abducted position. One trial was per-
formed on each arm, with a 30s rest between each testing 
trial. The total number of catches recorded during the 30s 
trial served as the performance outcome metric. 

PRONE MEDICINE BALL DROP TEST AT 90° SHOULDER 
ABDUCTION/90° ELBOW FLEXION (PMBDT 90°-90°) 

The PMBDT 90°-90° (Figure 2) was performed with the par-
ticipants lying prone on a treatment plinth with their test-
ing shoulder abducted to 90°, the elbow flexed to 90°, and 
forearm supinated (palm to floor).23 The non-testing arm 
was supported over the opposite side of the table. Partic-
ipants were instructed to not grasp the table during test-
ing. Participants dropped and caught a .91 kg medicine 
ball as many times as possible for thirty seconds.13 A mo-
bile stool was placed under the hand to catch the medicine 
ball in circumstances in which the participants missed a 
catch. During testing, participants were verbally instructed 
to maintain the 90° shoulder abducted position and 90° el-
bow flexed position. One trial was performed on each arm, 
with a 30s rest between each testing trial. The total number 
of catches recorded during the 30s trial served as the per-
formance outcome metric. 

HALF-KNEELING MEDICINE BALL REBOUND TEST 
(HKMBRT) 

The HKMBRT was slightly modified from the original de-
scription.13 Instead of being performed in a standing posi-
tion, the participants assumed a half-kneeling position in 
a doorway to eliminate contributions from the legs (Fig-
ure 3). The testing shoulder was abducted to 90°, the elbow 
flexed to 90°, and forearm supinated (palm toward wall). 
The non-testing hand was placed on the ipsilateral knee. 
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Figure 2. Positioning for the performance of the Prone        
Medicine Ball Drop Test at 90° shoulder abduction/90°         
Elbow Flexion.   

Figure 3. Positioning for the performance of the Half-      
Kneeling Medicine Ball Rebound Test.      

Participants threw and caught a .91kg medicine ball against 
the wall as many times as possible for 30s.13 One trial was 
performed on each arm, with a 30s rest between each test-
ing trial. The total number of catches recorded during the 
30s trial served as the performance outcome metric. 

Figure 4. Starting position for the seated single arm        
shot put test.    

SEATED SINGLE ARM SHOT PUT TEST (SSASPT) 

Like previous studies,16–18 the SSASPT began with the par-
ticipants assuming a long sitting position on the floor 
against a wall with the non-testing hand in their lap. The 
test began with the participant holding a 2.0kg medicine 
ball in the palm of their hand while keeping their elbow 
adjacent to their torso.16,17 Participants were instructed 
to “put or press the medicine ball as hard as they could 
for greatest distance” while maintaining their back against 
the wall and avoid the test limb crossing torso midline. 
Furthermore, participants were cued to perform the move-
ment with a pure concentric action without any preloading 
(stretch-shortening). Prior to performing three maximal ef-
fort trials, participants performed four gradient sub-maxi-
mal to maximal warm-up practice trials at 25%, 50%, 75% 
and 100% effort. The distance from the wall to the first lo-
cation of medicine ball ground contact was measured and 
averaged across the three test trials. 

STATISTICAL ANALYSIS 

All statistical procedures were conducted using IBM SPSS 
Statistics for Windows, version 27 (IBM Corp., Armonk, 
NY, USA) and Microsoft Excel, version 16 (Microsoft Cor-
poration, Redmond, WA, USA). Separate statistical analyses 
were conducted for the males and females. Exploratory 
analyses were conducted on the data from each session to 
identify potential erroneous data entry errors. Normality of 
the between session difference scores was examined using 
Q-Q plots and Shapiro-Wilks tests. Heteroscedasticity be-
tween sessions was examined by using the Bland-Altman 
method.24 Systematic bias between testing sessions were 
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Table 1. Participant demographics and overhead sport      
participation.  

Females Males 

Age (yrs) 23.2 ± 1.7 24.5 ± 2.6 

Height (m) 1.65 ± .08 1.81 ± .07 

Mass (kg) 67.0 ± 8.6 85.0 ± 13.9 

Sport 

Softball 11 4 

Baseball 0 7 

Swimming 1 1 

Tennis 3 0 

Volleyball 5 5 

Football (quarterback) 0 3 

evaluated using dependent t tests. Absolute reliability was 
determined by computing standard error of measurement 
(SEM),25 90% minimal detectable difference (MDD90%), and 
coefficient of variation (CV).26 Relative reliability was com-
puted using intraclass correlation coefficients (ICC, model: 
2,1). Additionally, limb symmetry indices (LSI) were com-
puted ([dominant/nondominant] *100) for each test and 
subjected to similar systematic bias, absolute reliability, 
and relative reliability analyses. Coefficients of variation 
were considered acceptable when values were below 10%. 
The magnitude for the ICC were interpreted as follows: less 
than 0.40: poor, between 0.40 and 0.59: fair, between 0.60 
and 0.74: good, and between 0.75 and 1.00: excellent.27 

RESULTS 

The demographics of the subjects are presented in Table 1. 
The results of the exploratory analysis for normality re-

vealed no significant (p= 0.071 to 0.927) departures for the 
difference scores. Results of the heteroscedasticity analysis 
yielded no significant relationships; with the exception of 
dominant PMBDT-90° for both the females (Kendall’s 
tau=.202, p=0.226) and males (Kendall’s tau=.304, p=0.067), 
all Kendall’s Tau values were between -.146 to .145. 
Descriptive statistics for test performance across the two 

sessions are provided in Table 2. Except for the SSASPT for 
both sexes and limbs (Table 3), all tests demonstrated sig-
nificant (p ≤ 0.030) improvements in performance during 
the second session compared to the first session. Generally, 
for the three-medicine ball drop and rebound tests, the 
absolute reliability, whether expressed as catches (SEM, 
MDD90%) or CV, was the highest (less random error) for the 
HKMBRT, followed by the PMBDT 90°, which in turn was 
followed by PMBDT 90°-90°. The ICC results demonstrated 
excellent relative reliability for the PMBDT 90°, HKMBRT, 
and SSASPT, whereas the relative reliability for the PMBDT 
90°-90° ranged from fair to excellent. 
Descriptive statistics for the LSI across the two sessions 

are provided in Table 4. None of the LSI demonstrated 
significant systematic bias (p > 0.202) between sessions 
(Table 5). The absolute reliability (less random error) was 
the highest for the SSASPT LSI and the lowest for the 

PMBDT 90-90 LSI. Relative reliability for the SSASPT LSI 
ranged from good to excellent whereas the other three tests 
ranged from poor to fair. 

DISCUSSION 

This study sought to primarily examine the intersession re-
liability of four OKC FPT which could be used as criteria for 
rehabilitation program progression and RTS clinical deci-
sion making. The PMBDT 90° and PMBDT 90ۜ°-90° largely 
focused on the posterior glenohumeral musculature 
whereas HKMBRT and SSASPT were more anterior muscu-
lature focused. The results support the incorporation of the 
SSASPT and HKMBRT as potential tools into clinical deci-
sion making because of their excellent reliability. While the 
relative reliability of the PMBDT 90° was excellent, the ab-
solute reliability bordered just beyond acceptability thresh-
olds. The reliability of PMBDT 90°-90° was below accept-
able thresholds. Thus, this investigation provides greater 
support for the two anterior musculature focused tests and 
less support for the current versions of the two posterior 
musculature centered tests. The secondary purpose of the 
investigation, examination of the intersession LSI reliabil-
ity of the four OKC FPT, supports the SSASPT LSI as being 
a reliable metric. Compared to the SSASPT, larger changes 
in HKMBRT and PMBDT 90° LSI scores would be needed to 
be confident the changes are beyond measurement error. 

Table 2. Descriptive statistics for each of the       
functional performance tests. The units associated       
with PMBDT 90°-90°, PMBDT 90°, and HKMBRT are         
medicine ball catches, whereas the units for the         
SSASPT are meters.    

Test Limb Sex 
Session 1 Session 2 

Mean ± SD Mean ± SD 

PMBDT 
90°-90° 

D F 50.4 ± 12.0 55.7 ± 13.5 

M 61.5 ± 9.9 68.3 ± 12.8 

ND F 44.4 ± 12.8 51.0 ± 11.1 

M 58.1 ± 10.1 66.5 ± 10.4 

PMBDT 
90° 

D F 64.7 ± 13.4 71.6 ±13.9 

M 74.7 ± 9.9 79.8 ± 12.3 

ND F 58.9 ± 13.4 63.6 ± 14.3 

M 70.4 ± 9.9 76.7 ± 9.3 

HKMBRT D F 69.0 ± 16.5 76.9 ± 14.4 

M 74.9 ± 12.6 82.7 ± 13.5 

ND F 64.0 ± 12.9 71.0 ±13.6 

M 70.1 ±11.9 77.4 ±13.0 

SSASPT D F 3.35 ± 0.47 3.33 ± 0.39 

M 4.91 ± 0.67 4.83 ± 0.66 

ND F 3.22 ± 0.55 3.19 ± 0.47 

M 4.63 ± 0.69 4.60 ± 0.61 

PMBDT 90°-90°: prone medicine ball drop test in 90°-90° position; PMBDT 90°: prone 
medicine ball drop test in 90° position; HKMBRT: half-kneeling medicine ball rebound 
test; SSASPT: seated single arm shot put test; SD: standard deviation; D: dominant; ND: 
nondominant; F: female; M: male 
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Table 3. Results of the systematic bias, absolute reliability, and relative reliability analysis conducted on the               
functional performance tests. The units associated with PMBDT 90°-90°, PMBDT 90°, and HKMBRT are medicine                
ball catches, whereas the units for the SSASPT are meters.           

Test Limb Sex 
Systematic Bias Absolute Reliability Relative Reliability 

ICC (95% CI) Mean ± SD P SEM CV % MDD90% 

PMBDT 
90°-90° 

D F 5.3 ± 10.1 .030 7.1 17.6 16.7 .688 (.363-.863) 

M 7.0 ± 8.7 .002 6.1 10.3 14.3 .713 (.405-.876) 

ND F 6.6±7.4 <.001 5.2 14.3 12.2 .809 (.580-.920) 

M 8.4±11.0 .003 7.8 13.0 18.2 .424 (-.011-.724) 

PMBDT 
90° 

D F 7.1±9.1 .003 6.5 10.0 15.1 .775 (.515-.904) 

M 5.1±7.9 .010 5.6 7.3 13.1 .748 (.466-.892) 

ND F 4.7±8.4 .021 5.9 10.7 13.8 .818 (.597-.924) 

M 6.3±9.0 .005 6.4 9.1 13.1 .748 (.466-.892) 

HKMBRT D F 7.9±8.4 .001 5.7 9.4 13.9 .851 (.661-.938) 

M 7.8±6.4 <.001 4.5 6.1 10.5 .881 (.724-.951) 

ND F 7.0±5.4 <.001 3.8 5.5 8.9 .917 (.803-.966) 

M 7.3±6.5 <.001 4.6 6.5 10.7 .865 (.691-.944) 

SSASPT D F -.026±.238 .637 .170 5.3 .397 .848 (.657-.937) 

M -.089±.199 .060 .141 3.0 .330 .956 (.892-.982) 

ND F -.034±.187 .423 .130 4.2 .304 .934 (.841-.973) 

M -.037±.202 .426 .141 3.2 .330 .952 (.883-.981) 

PMBDT 90°-90°: prone medicine ball drop test in 90°-90° position; PMBDT 90°: prone medicine ball drop test in 90° position; HKMBRT: half-kneeling medicine ball rebound test; 
SSASPT: seated single arm shot put test; SD: standard deviation; SEM: standard error of the measurement; CV: coefficient of variation; MDD90%: 90% minimal detectable difference; 
ICC: intraclass correlation coefficient; CI: confidence interval; D: dominant; ND: nondominant; F: female; M: male 

Table 4. Descriptive statistics for each of the limb        
symmetry indices (%) from the functional performance        
tests.  

Test Sex 
Session 1 Session 2 

Mean ± SD Mean ± SD 

PMBDT 90°-90° F 119.2 ± 32.0 110.2 ± 16.0 

M 106.2 ± 11.0 102.8 ± 12.4 

PMBDT 90° F 111.5 ± 14.2 115.5 ± 18.0 

M 106.4 ± 6.3 104.1 ± 10.6 

HKMBRT F 107.3 ± 12.1 108.6 ± 9.7 

M 107.3 ± 9.5 107.4 ± 11.2 

SSASPT F 104.7 ± 6.9 105.0 ± 7.6 

M 106.4 ± 8.0 105.3 ± 9.4 

PMBDT 90°-90°: prone medicine ball drop test in 90°-90° position; PMBDT 90°: prone 
medicine ball drop test in 90° position; HKMBRT: half-kneeling medicine ball rebound 
test; SSASPT: seated single arm shot put test; SD: standard deviation; F: female; M: 
male 

Intraclass correlation coefficients are the most fre-
quently reported reliability statistics reported in the liter-
ature and reflect the stability of the rank or position of an 
individual relative to the group across a repeated assess-
ment. Using the arbitrary threshold of .75 as having clin-
ical meaningfulness, all tests across both sexes and limbs 
except for the PMBDT 90°-90° met the criteria. Also critical 
to fully interpreting ICC is consideration of the confidence 
interval precision and range, particularly the lower bound, 
around each ICC point estimate. Consistent with previous 

literature,15,20,28,29 the ICC for the SSASPT were all >.85. 
Additionally, except for the dominant limb for females, the 
confidence interval lower bounds were above .75, further 
supporting the relative reliability of the SSASPT. The ICC 
values for the HKMBRT and PMBDT 90° also met the clin-
ical meaningfulness threshold, although many of the lower 
confidence interval bounds reside in the fair to good range. 
Except for nondominant limb for females, the PMBDT 
90°-90° ICC values were below clinical meaningfulness 
threshold, and the confidence intervals were very wide. 
Thus, likely because of the larger random error that was re-
flected by the absolute reliability statistics, the relative re-
liability for PMBDT 90°-90° was reduced. 
Of the previous studies15,28,29 that considered relative 

and absolute reliability of the SSASPT, none appear to have 
considered systematic bias. Remarkably, the SSASPT was 
the only assessment in the current investigation void of sig-
nificant repeated exposure changes. For the two PMBDT, 
practitioners can expect an average improvement between 
five to seven catches and for the HKMBRT between seven to 
eight catches that are attributable to completion of the test 
a second time. 
Absolute reliability has the most pertinence to clinicians 

by providing an estimate of the expected random error as-
sociated with a test.30 For example, when conducing serial 
assessments during rehabilitation to monitor patient 
progress, a patient’s performance change must exceed the 
mean systematic bias plus an absolute reliability estimate 
(e.g., SEM, MDD) to definitively declare improvement. With 
the two PMBDT and the HKMBRT, patients must attain 
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Table 5. Results of the systematic bias, absolute reliability, and relative reliability analysis conducted on the limb                
symmetry indices (%) for each functional performance test.         

Test Sex 
Systematic Bias Absolute Reliability Relative Reliability 

ICC (95% CI) Mean ± SD P SEM CV % MDD90% 

PMBDT 90°-90° F -9.0±30.5 .202 21.6 19.7 50.4 .271 (-.183-.630) 

M -3.4±14.6 .312 10.4 11.0 24.1 .219 (-.236-.596) 

PMBDT 90° F 4.0±17.1 .307 12.1 10.6 28.2 .446 (.017-.737) 

M -2.4±11.7 .375 8.3 8.3 19.3 .106 (-.342-.515) 

HKMBRT F 1.3±11.4 .619 8.1 7.8 18.8 .462 (.036-.746) 

M 0.1±9.7 .960 6.9 6.0 16.1 .563 (.172-.801) 

SSASPT F 0.3±5.7 .233 4.0 3.7 9.4 .697 (.378-.868) 

M -1.2±5.1 .323 3.6 3.3 8.3 .833 (.625-.930) 

PMBDT 90°-90°: prone medicine ball drop test in 90°-90° position; PMBDT 90°: prone medicine ball drop test in 90° position; HKMBRT: half-kneeling medicine ball rebound test; 
SSASPT: seated single arm shot put test; SD: standard deviation; SEM: standard error of the measurement; CV: coefficient of variation; MDD90%: 90% minimal detectable difference; 
ICC: intraclass correlation coefficient; CI: confidence interval; F: female; M: male 

~seven additional catches (systematic bias) plus ~five 
catches (SEM) on a subsequent assessment to have some 
confidence that their improvement is not attributable to 
learning effects or measurement error. In contrast, for the 
SSASPT, because there was no significant systematic bias, 
patients would just need to exhibit ~.15m (SEM) improve-
ment. The MDD is a more conservative estimate of mea-
surement error and when changes exceed the magnitude of 
the MDD, clinicians can be extremely confident that the pa-
tient has experienced improvement. The MDD for the two 
PMBDT and HKBRT are rather large, ranging between nine 
and 17 catches. As a result, it is likely that patients may ex-
perience clinically meaningful changes that may not be re-
flected in test performance exceeding the MDD.30 

Coefficient of variation as an index of variability is par-
ticularly useful when data demonstrate heteroscedasticity. 
It is noteworthy that none of the tests assessed, for either 
limb or sex, in the current investigation demonstrated het-
eroscedasticity. An additional advantage of the CV is that 
because it is unitless, comparisons can be made between 
various instruments. It is important that such CV com-
parisons be made between CV derived from similar pop-
ulations. For example, in the current study, for both the 
dominant and nondominant limbs, the males demonstrated 
higher SSASPT values than the females. If the variability 
between sessions was the same for both sexes, the CV 
would be higher for the females compared to the males be-
cause the two sessions mean (denominator) would be lower. 
Thus, it is most prudent to compare the CV between tests 
within each sex. Coefficient of variation value comparisons 
within each sex reveal similar results, with SSASPT having 
the lowest CV, followed by the HKBRT. With regards to the 
10% CV acceptability threshold, only the PMBDT 90°-90° 
(both sexes and limbs) largely exceeded. The CV results, in 
conjunction with the large MDD, further challenges to the 
clinical utility of the current version of the PMBDT 90°-90° 
as a reliable test of functional performance. 
Currently, there is a void of FPT focusing upon the pos-

terior glenohumeral musculature to use during clinical de-
cision making. Unfortunately, in the current investigation, 

the two tests emphasizing glenohumeral posterior mus-
culature revealed the lowest reliability, with the PMBDT 
90°-90° demonstrating slightly worse reliability than the 
PMBDT 90°. Both tests involved a 30s effort of catching 
a medicine ball while maintaining a prone position. The 
movement pattern differences between the two tests likely 
explains the slight difference in reliability. The PMBDT 90° 
involved a horizontal abduction movement whereas the 
PMBDT 90°-90° was slightly more complex and required 
maintaining 90° abduction while performing external rota-
tion movements to repeatedly catch and drop the medicine 
ball. Based on the current results, both tests could bene-
fit from some revision aimed towards improving their relia-
bility. Based on the authors’ experience with the tests dur-
ing the investigation, as well as qualitative comments made 
by some of the participants, exploring the use of two 15s 
trials rather than a single 30s trial is recommended. Some 
participants reported fatigue of their hand muscles occur-
ring during the last ~10s affected their ability to catch and 
maintain the transitory grip of the medicine ball required 
for each repetition. As the goal of the two PMBDT is to con-
centrate on the posterior shoulder musculature, it is im-
portant that grip fatigue as a potential performance limita-
tion be reduced. The authors expect that modifying the two 
PMBDT to be based upon the average number of catches 
across two 15s trials will greatly improve both relative and 
absolute reliability metrics. 
Because LSI incorporates performance of the dominant 

and nondominant limbs simultaneously, it was expected 
that the LSI reliability metrics would be weaker than the in-
dividual dominant and nondominant limb metrics. Statis-
tically, there were no LSI differences (i.e., systematic bias) 
between the two testing sessions across the four assess-
ments for either the males or females; however, except for 
the SSASPT, there appeared to be a lot of between partici-
pant variability based on the standard deviations. Addition-
ally, aside from the SSASPT, attaining LSI changes that ex-
ceed the MDD would likely be very difficult, particularly for 
the PMBDT 90° and PMBDT 90°-90°. Given the expectation 
for lower LSI reliability as described earlier, using the LSI 
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SEM as a threshold for identifying change exceeding mea-
surement error in a patient’s performance may be more ap-
propriate. Based on this suggestion, achieving LSI changes 
in patients that exceed the LSI SEM for the HKMBRT and 
PMBDT 90° (males) seems reasonable. Like the individual 
limb reliability metrics, the authors expect the PMBDT 90° 
and PMBDT 90°-90° LSI reliability metrics to improve with 
the modification of the tests to include two 15s trials. 
The LSI for the SSASPT were the smallest (i.e., closest 

to 100%) of the four tests indicating more similar perfor-
mance between the dominant and nondominant limbs. Fur-
thermore, the SSASPT LSI scores in the current study were 
within, albeit towards the lower end, of the SSASPT LSI 
range (103 to 111% favoring dominant limb) previously re-
ported in healthy persons.14–18,20 The LSI reliability met-
rics provided by the current investigation, coupled with six 
separate investigations14–18,20 reporting healthy persons 
demonstrate SSASPT LSI within the above range, supports 
clinicians using the SSASPT LSI for rehabilitation program 
progression evaluation and RTS clinical decision making. 
When using the SSASPT LSI to assess RTS readiness in a 
patient with UE pathology, there may be a need to con-
sider which limb is the involved based upon a recent inves-
tigation reporting SSASPT LSI differences between patients 
with dominant versus nondominant limb involvement at 
the time of discharge from rehabilitation following shoul-
der injury or surgery.21 Specifically, the odds of a patient 
with a nondominant involved limb being below the norma-
tive LSI range (i.e., <89%) were two times higher than the 
odds of a patient with a dominant involved limb being be-
low the normative range (i.e., <103%). With only one re-
port examining SSASPT LSI differences between dominant/
nondominant involved limbs at time of rehabilitation dis-
charge, further research is clearly needed. 
There are a few limitations to the current study that 

should be recognized. First, although the overall sample 
size is justifiable for a reliability study, preliminary analyses 
revealed sex differences to be present in some of the re-
liability metrics. As a result, all analyses were conducted 
separately for the males and females, thereby effectively 
lowering sample sizes within each sex to 20. With all else 
remaining constant (e.g., within subject variability across 
sessions), sample size directly influences confidence inter-
val prevision. Subsequently, this may explain some of the 
large ICC confidence interval widths. Furthermore, part of 
the inclusion criteria required participants to have been 
participating in an overhead recreational or competitive 
sport for a minimum of one year. The resulting sample 
was overwhelmingly (95%) involved with unilateral sports. 
Surprisingly, there were not large differences in the reli-
ability metrics between the dominant and nondominant 
limbs within each sex, nor did the LSI for the SSASPT or 
HKMBRT reveal large average bilateral asymmetry. Unfor-
tunately, there is no data regarding the level of play (recre-
ational versus competitive), nor is there data regarding par-
ticipation history. While collecting current level of play is 
straightforward, simultaneously trying to quantify history 
of participation and level of play simultaneously would be 
difficult. Additionally, it is likely the participants have his-

tories of participating in non-overhead athletic activities 
(e.g., resistance training). As a result, the variability of par-
ticipation history, level of play, and other sporting activi-
ties may be responsible for the average SSASPT and HKM-
BRT LSI scores being <10% with the associated standard 
deviations ranging between 6.9 to 12.1%. Finally, with re-
gard to the participant characteristics, it is worth noting 
that 80% of the women participants were involved with ei-
ther softball or volleyball, whereas the men had more dis-
persion among participation in four sports. Although over-
all there were not large sex differences in the reliability 
metrics, the sport participation differences may help ex-
plain the trend for the men to have better dominant limb 
absolute reliability compared to the women, whereas the 
women demonstrated better nondominant limb absolute 
reliability compared to the men. Lastly, it is important to 
note that the current investigation used a three-to-seven-
day test-retest interval. This interval is likely shorter than 
the typical serial testing intervals used for monitoring re-
habilitation progression in patients. Critical to test-retest 
research design is the assumption that the underlying char-
acteristic is not changing.30 Using a longer than seven day 
interval to estimate random measurement error in phys-
ically active participants could be confounded by actual 
changes in functional performance. Hence, the rationale 
for using a three-to-seven-day test-retest interval in the 
current study. Using shorter test-retest intervals has the 
benefit that improvements associated with learning during 
novel test performance (e.g., systematic bias) are likely to 
be greater when shorter time intervals are used compared 
to longer intervals. Thus, we speculate the performance im-
provements revealed in the current study for the PMBDT 
and HKMBRT are liberal estimates compared to typical 
longer test-retest intervals used in monitoring rehabilita-
tion progression. 

CONCLUSION 

There is a lack of consensus on which battery of tests, par-
ticularly UEFPT that should be used for clinical decision 
making to progress a patient through a rehabilitation pro-
gram or criteria for RTS. Based on the results of this study, 
the authors recommend using the SSASPT and HKMBRT 
tests because they demonstrated moderate to good relia-
bility, and interestingly, focus on the anterior musculature 
which is commonly used in overhead throwing sports. How-
ever, the posterior musculature, which is obviously critical 
in the throwing motion as part of the eccentric deceleration 
phase, still requires additional research to determine an 
ecologically valid test with good psychometric properties. 
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