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ABSTRACT
Background: A new 16-item physical performance measure screening battery (16-PPM) was developed in order to 
expand on established movement based qualitatively scored functional screening batteries to encompass a broader 
spectrum of quantitatively scored functional constructs such as strength, endurance, and power. 

Purpose/Hypothesis: The purpose of this study was quantify the real-time tests-retest and expert versus novice 
interrater reliability of the 16-PPM screen on a group of physically active college-aged individuals. The authors’ 
hypothesized that the test-retest and interrater reliability of quantitatively-scored performance measures would be 
highly correlated (ICC ≥ 0.75) and that qualitatively-scored movement screening tests would be moderately correlated 
(Kw = 0.41-0.60). 

Study Design: Cohort reliability study

Methods: Nineteen (8 males, 11 females) healthy physically active college-aged students completed the 16-PPM on 
two days, one week apart.

Results: The majority of the quantitatively scored components of the 16-PPMs demonstrated good expert-novice inter-
rater reliability (ICC > 0.75), while qualitatively scored tests had moderate (Kw = 0.41-0.60) to substantial (Kw = 0.61-
0.80) agreement. Test-retest reliability was consistent between raters, with most quantitatively scored PPMs exhibiting 
superior reliability to the qualitatively scored PPMs. 

Conclusions: The 16-PPM test items showed good test-retest and interrater reliability. However, results indicate that 
expert raters may be more reliable than novice raters for qualitatively scored tests. The validity of this 16-PPM needs 
to be determined in future studies. 

Clinical Relevance: Physical performance screening batteries may be used to help identify individuals at risk for 
future athletic injury; however, current PPMs that rely on qualitatively scored movement screens have exhibited 
inconsistent and questionable injury prediction validity. The addition of reliable quantitatively scored PPMs may 
complement qualitatively scored PPMs to improve the battery’s predictive ability.
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INTRODUCTION
Musculoskeletal injuries are commonly associated 
with athletic participation.1 In addition to pain, ath-
letic injuries may also result in emotional stress, 
activity limitation, financial costs, or an increased 
risk for future injury.2-4 Some injuries are traumatic 
and potentially unavoidable, yet others result from 
a non-contact or repetitive mechanism. Non-contact 
injuries may be influenced by faulty biomechanics, 
asymmetry, or poor neuromuscular strength and 
control. If these factors are detected through injury 
risk screening batteries prior to participation, sports 
medicine professionals may be able to intervene by 
designing and implementing targeted prevention 
strategies to reduce injury risk.5

Established injury-risk screening exams, such as the 
Functional Movement ScreenTM (FMSTM)6 and Frohm-
97, are typically a collection of physical performance 
measures (PPMs) that aim to measure various con-
structs of performance by qualitatively scoring an 
individual’s symmetry and quality of movement.8 
Quantifying movement patterns may identify dys-
functional patterns that limit function and subse-
quently predispose an athlete to injury. While these 
tests of movement quality are useful tools in high-
lighting the importance of assessing function, ques-
tionable validity and sensitivity of these test batteries 
suggest that they may not be optimal for assessing 
injury risk.9-11 Although movement patterns are an 
important aspect of athleticism, the measurement of 
function is complex and may necessitate a more com-
prehensive approach to functional testing than rely-
ing on a single construct.12 Function encompasses 
a broad range of interdependent constructs, includ-
ing functional movement patterns, muscle flexibil-
ity, balance, proprioception, speed, agility, aerobic 
and anaerobic conditioning, and muscular strength, 
power, and endurance,8 which may not be measure-
able with qualitative analyses of movement patterns. 
In this context, current injury risk screening batter-
ies may not adequately quantify the wide spectrum 
of required function within athletic populations. The 
limitations of current screening batteries would sug-
gest that the best combination of PPMs has yet to be 
identified for assessing function in athletes. 

As part of a larger validity study, the authors are 
evaluating a 16 item PPM battery (16-PPM) that 

takes advantage of the work represented by the 
FMSTM and Frohm-9, yet was expanded to include 
a number of different tests that quantitatively mea-
sure the constructs of strength, endurance, power, 
and motor control. A number of the included PPMs 
employ identical methodology to what has been 
established in the literature, while others have 
been modified from their original description or are 
newly-designed based on the authors’ clinical prac-
tice. Though established screening batteries have 
reported adequate reliability,9,13-19 it is unknown 
whether an alternate group of quantitatively-scored 
tests can be performed with similar consistency. 
Thus, it is crucial to establish the reliability of the 
PPMs that compose this new screening battery.

Additionally, the16-PPM battery was designed with 
the flexibility to be administered as a mass-screen-
ing tool for use with multiple athletic teams in order 
to facilitate efficiency of data collection. The testing 
conditions associated with screening large groups of 
athletes often necessitate the use of testing stations 
and the assistance of multiple raters. Raters, in an 
ideal context, should be experienced clinicians with 
a familiarity of the PPM battery; however, it is often 
more practical and cost-effective to incorporate 
novice raters in test administration.9,15,16 Thus, the 
test-retest and interrater reliability of the proposed 
16-PPM screen needs to be established for both 
expert and novice raters before addressing issues 
related to validity and clinical utility. Therefore, the 
purpose of this study was to quantify the real-time 
test-retest and expert versus novice interrater reli-
ability of a 16-PPM screen on a group of physically 
active college-aged individuals. The authors hypoth-
esized that the test-retest and interrater reliability of 
quantitatively-scored performance measures would 
be highly correlated (ICC ≥ 0.75) and that qualita-
tively-scored movement screening tests would be 
moderately correlated (Kw = 0.41-0.60).

METHODS

Subjects
Subjects were openly recruited from a university’s 
club sports program. Inclusionary criteria required 
subjects to be currently active in a club sport season 
or having participated in a club sport within the past 
calendar year and to have maintained a physically 
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active lifestyle of cardiorespiratory endurance exer-
cise (e.g. running, cycling, rowing) for three or more 
days per week or two or more days of a progressive 
resistive exercise program. Subjects were excluded if 
they had sustained an orthopedic injury within the 
past six months or had a pre-existing cardiovascu-
lar, pulmonary, or metabolic condition which con-
traindicated neuromuscular strength and endurance 
exercise. Twenty-four subjects were initially eligi-
ble for the study, 19 of whom completed the test-
retest trial: Eight males aged 20.3±1.2 years, height 
180.3±6.3 cm, weight 77.0±6.3 kg, and 11 females 
aged 19.8±1.0 years, height 166.9±5.5 cm, weight 
60.4±4.9 kg. The five remaining subjects completed 
the initial intake forms, but elected not to complete 
the testing because of time constraints. All subjects 
voluntarily signed an informed consent form prior 
to participation.

Study design
The subjects completed the testing sequence on two 
occasions separated by a minimum of four days and 
a maximum of seven days. Subjects were instructed 
to maintain their normal physical activity routine 
between sessions. Each testing session consisted of 
the subjects completing the 16-PPM battery, which 
took approximately 50 minutes to complete. Test-
ing was administered in a university biomechanics 
laboratory, with identical physical conditions during 
both testing sessions. The study was approved by 
the High Point University Human Participants Insti-
tutional Review Board.

Raters
One experienced and two novice raters were used 
for this investigation. The experienced rater had 
22 years of clinical practice and was familiar with 
a broad range of PPMs used in evaluating function 
specific to athletic populations. The two novice 
raters were hand selected from an undergraduate 
exercise science program based on having no prior 
experience with any type of physical performance 
testing. All raters voluntarily signed an informed 
consent prior to participation.

Testing Procedure
The novice raters received an electronic copy of the 
16-PPM scoring sheet (see Appendix) 24 hours prior 

to starting data collection. The scoring sheet con-
sisted of photos of each test and a written description 
of how to perform and score each test. The novice 
raters arrived to the laboratory one hour prior to 
testing of the first subject. A member of the investi-
gation team (D.T.) provided an overview of each test 
and scoring criteria respectively. The novice raters 
were given the opportunity to ask clarifying ques-
tions as needed during the orientation session, as 
they could not ask questions once trials began. Rat-
ers were explicitly instructed that once subject trials 
began they could not ask clarifying questions about 
the 16-PPM or the scoring criteria. In addition, raters 
were instructed to independently score each PPM 
and to not communicate with each other during the 
testing sequence.

The subjects reported to the lab and completed 
three blinded copies of the 16-PPM intake form. 
The testing order of the 16 tests were randomized 
as follows: Full Squat, Downward Dog, Broad Jump, 
Closed Kinetic Chain Upper Extremity Stability Test 
(CKCUEST), Lower Extremity Y-Balance, In-Line 
Lunge for Distance, Lumbar Endurance, Single Leg 
Squat, Shoulder Mobility Test, Active Straight Leg 
Test, Side Plank Hip Abduction, Beighton Hypermo-
bility, Triple Hop for Distance, Nordic Hamstring, 
Lateral Lunge for Distance, and Side Plank Hip 
Adduction. The subjects received uniform verbal 
descriptions and physical demonstrations of each 
test from the experienced rater. A series of verbal 
cues were given to prompt subjects for each test: 
“set” to assume the starting position; ”go” to initiate 
the test; and “ok/stop” when the test was completed 
and scored. The raters received the following ver-
bal cues for each test; “raters ready” before cueing 
the subject and “good” to affirm scoring. Raters were 
blinded to each other’s score sheet and indepen-
dently scored each subject’s 16-PPM test battery.

16-PPM BATTERY

Quantitatively-Scored Tests

Broad Jump
The broad jump was administered as reported by 
Robertson et al.20 Subjects were instructed to stand 
with their toes behind a taped line on the floor, squat 
and jump as far as possible. Arm swing was allowed 
during the jump and distance was measured from 
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Lateral Lunge for Distance 
The Lateral Lunge for Distance was administered 
as previously reported by Crill et al.23 Subjects were 
instructed to stand with their feet parallel to the start 
line with the medial border of the trail foot against 
the line and hands on hips. Subjects lunge stepped 
in a lateral direction as far as possible with one leg 
while the foot of the other leg was required to stay 
behind the start line and remain flat to the floor. 
Subjects needed to stick the landing for the trial to 
count. Distance was measured from the start line to 
the most medial aspect of the lead foot in cm. The 
in-line lunge was scored as a quantitative test by tak-
ing the best of three trials for each leg.

Lumbar Endurance
The Lumbar Endurance Test was a modified iso-
metric back endurance test as reported by Wilker-
son.24 Subjects were instructed to begin on all fours 
with knees under hips and hands under shoulders. 
With a partner holding the subject’s feet, the subject 
lifted their hands off of the floor and placed them, 
interlocked, behind the head with the result being a 
90/90 position at the hips and knees. Subjects were 
asked to hold this position as long as possible and 
were given only one verbal cue to encourage hold-
ing the 90/90 position. The lumbar endurance test 
was scored as time to either failure or to an inability 
to hold the 90/90 position after one warning.

Side Plank Hip Abduction
The Side Plank Hip Abduction Test is a novel PPM 
designed specifically for this testing battery. Subjects 
were instructed to assume a side plank position with 
elbow under the shoulder and feet together. No body 
part was permitted to touch the ground between the 
elbow and the feet. The opposite arm was placed on 
the hip. The subject was then instructed to lift the 
top leg (hip abduction) 20 cm (the height of a plyo-
metric box) and return to the starting position. Leg 
lifts less than 20cm were discounted. The side plank 
hip abduction test was scored as the number of leg 
lifts achieved in 30 seconds.

Side Plank Hip Adduction
The Side Plank Hip Adduction Test was also designed 
specifically for this testing battery.  Subjects were 
instructed to assume a side plank position with 

the start line to the heel of the back foot. Three tri-
als were performed and the best trial was used for 
scoring. The broad jump was scored to the nearest 
inch as measured by a tape measure secured to the 
ground.

CKCUEST
The CKCUEST was administered as previously 
reported by Goldbeck and Davies,21 with modifica-
tion to the starting position. Two pieces of tape, 36 
inches apart and parallel to each other were placed 
on the floor. Subjects were instructed to assume a 
push-up position with hands roughly shoulder width 
apart between the pieces of tape to accommodate 
for differences in shoulder width and arm length. 
Subjects were instructed to use an alternating pat-
tern of reaching across their body and touching the 
opposite piece of tape as many times as possible in 
15 seconds. The closed kinetic chain upper extrem-
ity stability test was scored as the total number of 
successful touches of both sides combined. 

Lower Extremity Y-Balance
The Lower Extremity Y-Balance Test was admin-
istered as reported by Plisky et al.22 Subjects wore 
shoes and were instructed to stand on one leg in 
the center of the device and reach with the opposite 
toe to push an indicator in any one of three direc-
tions (anterior, posteromedial, posterolateral) in any 
order of their choosing. Hands were free during test-
ing and subjects were told that they could not touch 
the non-stance leg down until all three directions 
were completed and they could not kick the indica-
tor. The Lower Extremity Y-Balance Test was scored 
as the sum of the best effort from three successful 
trials in each direction.

In-Line Lunge for Distance
The In-Line Lunge for Distance was administered 
as previously reported by Crill et al.23 Subjects were 
instructed to place the toes of both feet behind a 
line on the floor with hands on hips. Subjects lunge 
stepped forward as far as possible with one leg while 
the toe of the other leg had to stay behind the start 
line. Subjects needed to stick the landing for the trial 
to count. Distance was measured from the start line 
to the heel of the lead leg in cm. The in-line lunge 
was scored using the best of three trials for each leg.
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ahead, the subject performed a squat as deeply as 
possible. If the subject could not squat with to thighs 
parallel to the floor, knees aligned over feet, upper 
torso parallel with tibia, or plastic rod over feet, a 
plastic piece of 2 x 4 was placed under the heels of 
the subject and they were asked to repeat the squat. 
Three trials were performed and the best of the 
three trials was used for scoring. The scoring system 
was modified to a 0-5 scale (see Appendix) based on 
the subjects’ form and movement quality.

Downward Dog
The Downward Dog Test was a novel test designed 
specifically for this testing battery. Subjects were 
instructed to begin on all fours with knees under 
hips and hands one hand length in front of shoul-
ders. Subjects were instructed to straighten their 
arms and legs and flatten their scapula to their back 
to form an inverted “V”. Subjects were given time 
to get comfortable in this position but were not 
allowed to adjust the position of the hands and feet. 
The Downward Dog was scored on a 0-5 scale (see 
Appendix) based on the subjects’ form and move-
ment quality.

Single Leg Squat
The Single Leg Squat was administered with slight 
modification from that previously reported by 
Frohm et al.7 Subjects were instructed to stand on 
one leg 4-6 inches from an adjustable height bench. 
The bench was at a height equal to the subject’s 
popliteal fossa. The subject’s hands were placed on 
the hips as the subject squats to the bench, touches 
without resting and stands back up. Five repetitions 
were performed with each leg and the worst of the 
last two repetitions was scored. The single leg squat 
was scored on a 0-5 scale (see Appendix) based on 
the number of observed movement errors observed.

Shoulder Mobility Test
The Shoulder Mobility Test was administered as 
previously established by Cook et al.6 The distance 
from the distal most palmar wrist crease to the tip of 
the middle finger was measured on one hand. Sub-
jects were instructed to make a fist and place on arm 
behind their head as far distally as possible while 
concurrently placing the opposite hand behind the 
low back and reach as far superiorly as possible. Sub-

elbow under the shoulder and the top leg on a 20 
cm tall plyometric-box. No body part was permit-
ted to touch the ground between the elbow and the 
feet. The top hand was placed on the ipsilateral hip. 
The subject was then instructed to lift the bottom 
leg (hip adduction) approximately eight inches and 
return to the starting position. The side plank hip 
adduction test was scored as the number of leg lifts 
achieved in 30 seconds.

Triple Hop for Distance
The Triple Hop for Distance Test was administered 
as previously established in the literature.25 Sub-
jects started with toes behind a starting line on the 
floor and were instructed to hop three consecutive 
times on the same leg as far as possible with their 
hands free. All subjects were allowed one practice 
trial with the subsequent trial scored for analysis. 
Subjects needed to stick the landing for the trial to 
count. The triple hop was measured as the total dis-
tance hopped along a tape measure from the starting 
line to the subject’s heel position after the third hop. 

Nordic Hamstring 
The Nordic Hamstring Test was designed specifically 
for this testing battery as a modification of the Nordic 
Hamstring exercise used for rehabilitation of lower 
extremity injuries.26 The subject was instructed to 
kneel on both knees with hips extended and arms 
held at the ready at chest height. With a partner hold-
ing the subject’s ankles, the subject was instructed to 
lean forward at the knees as far as possible, main-
taining the hips at neutral (0 degrees extension) and 
slowly lower to the ground. The rater used a 180 
degree extendable arm goniometer (Baseline Golle-
hon, Lafayette Instrument Company, Lafayette IN, 
USA) to measure forward trunk lean based on the 
tibial-femoral knee angle. The Nordic hamstring test 
was scored quantitatively as the knee angle at last 
moment of controlled descent.

Qualitatively-Scored Tests

Full Squat
The Full Squat was administered as previously 
established by Cook et al.6 Subjects were instructed 
to grasp a plastic rod in both hands and raise their 
arms overhead with elbows fully extended. With 
feet shoulder width apart and toes pointing straight 
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reflect clinical practice, and contain the base scoring 
metrics observed and recorded for each respective 
test.

The reporting of reliability and agreement was based 
on the guidelines of Kottner et al.28 Test-retest reli-
ability measures of each rater (expert, novice A, nov-
ice B) were calculated based on session one and two 
scores. Interrater reliability, comparing each of the 
three raters, was calculated using session one scores, 
as these were deemed the most clinically relevant. 
Test-retest and interrater reliability for each continu-
ous variable were evaluated with interclass correla-
tional coefficients (ICC), 95% confidence intervals 
(CI), and standard error of measurement (SEM) 
based on a two-way analysis of variance (ANOVA) 
ICC model (3, 1). ICC values range between 0.0 to 
1.0, where values closer to 0.0 reflect poor reliabil-
ity and values closer to 1.0 suggest high reliability.29 
ICC values were interpreted as follows: 0.4-0.74 = 
poor to moderate, and ≥ 0.75 = good.29 SEM provides 
an indication of the precision of measurement, inde-
pendent of the population, and reflects the scoring 
constancy within the unit of measure.30 All of these 
descriptive and reliability analyses was performed 
using IBM® SPSS® V20.0 (SPSS, INC., Chicago IL).

Test-retest and interrater reliability for each ordi-
nal variable by rater were evaluated with weighted 
kappa (Kw), 95% CI, and standard error (SE). The Kw 
was used to best capture the level of disagreement 
across ordinal scales that are not binary.31 Kw values 
of agreement were interpreted as follows: < 0 = 
poor, 0.0 to 0.2 = slight, 0.21 to 0.40 = fair, 0.41-0.60 
= moderate, 0.61 to 0.80 = substantial, 0.81 to 1.0 = 
almost perfect.32 Weighted kappa statistics was per-
formed using MedCalc for Windows, version 12.7.7 
(MedCalc Software, Mariakerke, Belgium).

RESULTS
Descriptive statistics of all PPMs are reported in 
Tables 1 (quantitative data) and 2 (qualitative data) 
as measured by the expert rater on test session one. 

INTERRATER RELIABILITY
Interrater reliability (expert vs novice 1, expert vs 
novice 2, and novice 1 vs novice 2) measures for 
continuous level data are reported in Table 3. Reli-
ability statistics were consistent for all combinations 

jects could not “crawl” their fists up or down their 
back. The shoulder mobility test was measured as 
the distance between the two fists, then qualitatively 
assessed on a 0-5 scale (see Appendix) based on the 
presence of scapular winging.

Active Straight Leg Raise Test
The Active Straight Leg Raise Test was administered 
as previously established by Cook et al.6 Subjects 
were instructed to lie on their back with legs straight 
and toes pointing toward the ceiling. The examiner 
placed a 2x4 under the subject’s knees. With arms 
flat on the ground, subjects lifted one leg keeping it 
straight. The active straight leg raise test was scored 
qualitatively assessed on a 0-5 scale (see appendix) 
based on how far the straight leg was lifted in refer-
ence to landmarks on the opposite leg.

Beighton Hypermobility
The Beighton Hypermobility Scale was administered 
as previously reported.27 Subjects were asked to per-
form five screening movement to the best of their 
ability: 1) touch the palms of the hands to the floor 
with straight legs, 2) extend the elbows as much as 
possible, 3) extend the knees as much as possible, 4) 
touch each thumb to the palmar surface of the fore-
arm, and 5) extend the little finger at the metacar-
pal-phalangeal joint. The original scoring metric for 
the test was a 0 – 9 point scale, one point awarded 
for each positive test with a higher score indicating a 
greater degree of hypermobility. Specifically for this 
testing battery, Beighton Hypermobility scores were 
converted to a 0-5 scale (see Appendix) with a lower 
score indication a greater degree of hypermobility. 
This scale modification was performed in order to 
maintain uniform scoring metrics for all qualita-
tively scored tests.

Statistical Analysis
The PPMs analyzed in this study were either scored 
quantitatively (continuous scale) or qualitatively 
(ordinal scale). Descriptive statistics for the quali-
tatively scored test data were calculated as mean 
± standard deviation and qualitative test data was 
described using frequency distributions of the score 
given by the experienced rater on session one for 
each gender. These values were chosen because 
they theoretically provide the most accurate score, 
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Table 1. Descriptive statistics of quantitatively scored tests 
measured on session one. All results are reported as mean 
± standard deviation.

Test Side Expert 
Rater 

Novice 1 
Rater 

Novice 2 
Rater 

Broad Jump (cm) - 76.5±14.4 77.2±15.2 76.3±14.4 
CKCUEST (count) - 25.9±4.4 25.3±4.0 25.4±4.0 

LEYB (total)  R 294.0±37.2 292.8±32.9 292.5±34.6 
L 290.5±40.9 291.2±37.2 287.2±37.2 

In-Line Lunge (cm) R 111.2±16.9 114.8±15.4 113.0±16.5 
L 111.8±17.8 112.0±18.1 111.5±17.4 

Lumbar Endurance 
(sec) - 87.2±60.0 89.0±59.6 90.2±59.5 

Side Plank Hip 
Abduction (count) 

R 40.8±13.9 38.3±12.6 41.2±13.5 
L 36.5±10.9 36.2±10.2 37.2±11.0 

Triple Hop (cm) R 447.4±80.2 486.6±86.6 481.1±94.4 
L 453.5±96.0 483.8±88.4 476.2±87.7 

Nordic Hamstring 
(degrees) - 39.4±2.6 37.7±2.1 43.2±2.7 

Lateral Lunge (cm) R 91.1±5.2 91.1±5.4 90.9±4.1 
L 90.4±5.2 91.1±5.4 90.8±4.4 

Side Plank Hip 
Adduction (count) 

R 37.3±17.3 35.8±18.4 35.4±16.9 
L 34.5±18.4 35.0±18.2 31.9±16.6 

CKCUEST= Closed kinetic chain upper extremity stability test; LEYB= Lower 
extremity Y-Balance test

Table 2. Descriptive statistics of qualitatively scored tests as measured by 
the experienced rater on session one. All data reported as frequency percent-
ages of assigned scores and mean ± standard deviation.

TEST  0 1 2 3 4 5 ±SD 
Full Squat  0% 10.5% 31.6% 5.3% 0% 52.6% 3.5±1.6 
Downward Dog  0% 26.3% 26.3% 5.3% 0% 47.4% 3.1±1.8 

Single Leg Squat R 0% 0% 5.3% 10.5% 42.1% 42.1% 4.1±0.8 
L 0% 0% 5.3% 21.1% 15.8% 57.9% 4.2±0.9 

Shoulder Mobility  
Test 

R 0% 5.3% 15.8% 47.4% 26.3% 2.3% 3.1±0.9 
L 0% 5.3% 10.5% 52.6% 21.1% 10.5% 3.2±0.9 

Active Straight Leg 
Raise 

R 0% 0% 10.5% 15.8% 15.8% 57.9% 4.2±1.0 
L 0% 0% 10.5% 15.8% 26.3% 47.4% 4.1±1.0 

Beighton Hypermobility  0% 0% 10.5% 26.3% 26.3% 36.8% 3.8±1.0 

of raters, with good reliability (ICC ≥ 0.75) exhibited 
for most tests. Poor to moderate interrater reliability 
(ICC < 0.75) was measured in the Nordic Hamstring 
(ICC 0.03-0.74), left-sided Triple Hop for Distance 
(ICC 0.67-0.99), and right-sided Lateral Lunge for 
Distance (ICC 0.66-0.82). Interrater reliability for 
ordinal level data are reported in Table 4. Interra-
ter reliability data were moderate to substantial for 
the Downward Dog (Kw 0.73 -0.93), Beighton Hyper-
mobility (Kw 0.64 -0.69), Active Straight Leg Test (Kw 
0.53 -0.71), and Full Squat (Kw 0.45 -0.60). Interrater 
reliability agreement ranged from fair to substantial 
for Single Leg Squat (Kw 0.33 -0.70) and Shoulder 
Mobility Test (Kw 0.24 -0.46). 

TEST-RETEST RELIABILITY
Table 5 displays test-retest reliability statistics (ICC and 
SEM) as measured by the expert and each novice rater. 

Overall, ICC’s between each rater were consistent, 
with a majority of tests showing good reliability. How-
ever, certain tests exhibited poor to modest test-retest 
reliability measures (ICC < 0.75), including the Nordic 
Hamstring (ICC 0.05-0.29), CKCUEST (ICC 0.73-0.78), 
left (ICC 0.70-0.81) and right Lower Extremity Y-Bal-
ance (ICC 0.74-0.82), left-sided Triple Hop for Distance 
(ICC 0.63-0.69), left (ICC 0.70-0.78) and right Side Plank 
Hip Abduction (ICC 0.36-0.88), and left (ICC 0.64-0.83) 
and right Lateral Lunge for Distance (ICC 0.68-0.81). 
Test-retest reliability for qualitative ordinal level data 
are reported in Table 6. Kw values ranged from 0.32 to 
0.81 for the expert rater, -0.09 to 0.73 for Novice rater A, 
and 0.25 to 0.78 for Novice rater B.

DISCUSSION
The purpose of this study was to analyze the reliabil-
ity of a 16 item PPM screening battery that collec-
tively evaluated athletes’ movement strategies and 
performance. This group of tests was chosen based 
on tests available from published research on injury 
and recovery from injury, as well as a desire to have 
a mixture of qualitative and quantitative tests, and 
inclusion of tests representing components of sport-
ing activities in the upper extremities, lower extrem-
ities, and trunk. As examples, triple hop symmetry 
has been found to be different in patients with ante-
rior cruciate ligament reconstruction compared to 
a healthy control group33 and asymmetrical perfor-
mance on the Lower Extremity Y-balance test pre-
dicts lower extremity injury.34 The unloaded, full 
squat is an example of a qualitative test based on 
examiner judgment of movement quality, symme-
try, and substitution patterns while the broad jump 
is based quantitatively on the distance traversed in a 
2-legged leap. Finally, the authors’ felt that the Sin-
gle Leg Squat would capture lower extremity motor 
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movement screening tests would be moderately cor-
related (Kw = 0.41-0.60).

Interrater reliability for Broad Jump, CKCUEST, 
Lower Extremity Y-balance test, In-line Lunge for 
Distance, Lumbar Endurance, and the Triple Hop for 
Distance was excellent, though this was expected, 
considering that these tests were highly objective, 
requiring the rater to only count or read a tape mea-
sure. The test-retest reliability of each test was also 
considered good to excellent, yet not as high as pre-
viously reported for the CKCUEST,35 Lumbar Endur-
ance,36 and Triple Hop for Distance.37 The reason 
that the current reported reliability measures were 
slightly lower than previous reports may be because 
the individual tests in the current study were part of 

control, the Side Plank Hip Abduction test would 
capture trunk and hip stability and endurance, and 
the CKCUEST would capture upper extremity stabil-
ity and quickness. 

Collectively, the majority of individual tests 
exhibited good to excellent reliability, with better 
inter- and test-retest reliability for the tests scored 
quantitatively (performance components) than 
qualitatively (movement strategy components). In 
addition, comparable reliability was found for both 
expert and novice raters. These findings support the 
hypothesis that the real-time test-retest and expert 
versus novice interrater reliability of quantitatively-
scored performance measures would be highly cor-
related (ICC ≤ 0.75) and that qualitatively-scored 

Table 3. Intra-class correlation coeffi cients for interrater reliability test session one.

Test Expert vs. Novice A  Expert vs Novice B Novice A vs. Novice B 
ICC 95%CI SEM ICC 95%CI SEM ICC 95%CI SEM 

Broad Jump (cm) 0.99 (0.98, 0.99) 21.0 0.99 (0.97, 0.99) 21.0 0.99 (0.98, 0.99) 20.5 

CKCUEST (count) 0.97 (0.93, 0.99) 6.0 0.96 (0.91, 0.98) 6.0 0.96 (0.91, 0.98) 5.7 

LEYB - left (total) 0.86 (0.68, 0.94) 55.3 0.88 (0.73, 0.95) 55.4 0.98 (-0.95, 0.99) 52.7 

LEYB- right (total)  0.87 (0.69, 0.94) 49.7 0.86 (0.69, 0.94) 50.9 0.94 (0.94, 0.99) 47.8 

In-line Lunge - left (cm) 0.97 (0.93, 0.99) 25.4 0.98 (0.95, 0.99) 25.0 0.95 (0.89, 0.98) 25.2 

In-line Lunge - right (cm) 0.95 (0.88, 0.98) 23.1 0.94 (0.85, 0.97) 23.7 0.94 (0.87, 0.98) 22.7 

Lumbar Endurance (sec) 0.98 (0.96, 0.99) 84.6 0.98 (0.96, 0.99) 84.8 0.99 (0.99, 0.99) 81.8 

Side Plank Hip Abduction - left (count) 0.94 (0.84, 0.97) 15.0 0.94 (0.85, 0.97) 15.4 0.94 (0.86, 0.98) 15.1 

Side Plank Hip Abduction – right (count) 0.96 (0.89, 0.98) 18.9 0.94 (0.85, 0.97) 20.4 0.95 (0.87, 0.98) 18.1 

Triple Hop - left (cm) 0.68 (0.35, 0.86) 132.4 0.67 (0.32, 0.85) 131.1 0.99 (0.98, 0.99) 124.7 

Triple Hop- right (cm) 0.77 (0.50, 0.90) 122.0 0.76 (0.49, 0.90) 127.5 0.96 (0.90, 0.98) 128.2 

Nordic Hamstring Test (degrees) 0.74 (0.44, 0.89) 15.1 0.03 (-0.41, 0.46) 17.5 0.14 (-0.32, 0.55) 16.4 

Lateral Lunge - left trail (cm) 0.91 (0.80, 0.96) 21.9 0.92 (0.80, 0.96) 25.3 0.87 (0.70, 0.94) 24.3 

Lateral Lunge – right trail (cm) 0.80 (0.55, 0.91) 20.0 0.82 (0.59, 0.92) 23.6 0.66 (0.30, 0.85) 22.0 

Side Plank Hip Adduction – left (count) 0.97 (0.93, 0.99) 25.9 0.90 (0.72, 0.96) 24.9 0.91 (0.80, 0.96) 24.9 

Side Plank Hip Adduction – right (count) 0.92 (0.80, 0.97) 25.4 0.90 (0.75, 0.96) 24.3 0.90 (0.76, 0.96) 25.4 
ICC = Inter-class Correlation Coefficients with 95% confidence interval; SEM = standard error of measure; CKCUEST=Closed 
kinetic chain upper extremity stability test; LEYB= Lower extremity Y-balance test.  

Table 4. Weighted Kappa for interrater reliability on test session one.

Test 
Expert vs. Novice A Expert vs. Novice B Novice A vs. Novice B 

Kw 95%CI SE Kw 95%CI SE Kw 95%CI SE 
Full Squat  0.60 (0.34, 0.86) 0.13 0.55 (0.32, 0.78) 0.11 0.45 (0.21, 0.69) 0.12 
Downward Dog  0.93 (0.82, 1.00) 0.05 0.71 (0.50, 0.92) 0.10 0.73 (0.52, 0.94) 0.11 
Single Leg Squat - left  0.62 (-0.05, 0.53) 0.15 0.47 (0.18, 0.76) 0.14 0.52 (0.26, 0.78) 0.13 
Single Leg Squat- right 0.33 (-0.12, 0.80) 0.23 0.71 (0.44, 0.98) 0.13 0.39 (0.06, 0.73) 0.16 
Shoulder Mobility Test - left 0.44 (0.15, 0.74) 0.15 0.26 (0.01, 0.53) 0.13 0.46 (0.17, 0.76) 0.15 
Shoulder Mobility Test - right 0.28 (0.04, 0.52) 0.12 0.35 (0.13, 0.56) 0.11 0.24 (0.01, 0.48) 0.12 
Active Straight Leg Raise - left 0.71 (0.52, 0.90) 0.09 0.53 (0.32, 0.74) 0.11 0.63 (0.32, 0.94) 0.15 
Active Straight Leg Raise - right 0.67 (0.49, 0.85) 0.09 0.57 (0.38, 0.76) 0.09 0.54 (0.22, 0.86) 0.16 
Beighton Hypermobility  0.69 (0.55, 0.83) 0.07 0.64 (0.44, 0.85) 0.10 0.72 (0.62, 0.82) 0.05 
Kw = weighted kappa with 95% confidence interval; SE = standard error
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a larger screening battery, allowing only one trial per 
test, whereas previous researchers have performed 
reliability analyses across three or more averaged tri-
als. Also, performing the tests on two separate occa-
sions may have contributed lower reliability due to 
score variability.

Results indicate that, with the exception of the Nor-
dic Hamstring Test, novice raters demonstrated excel-
lent interrater reliability with the expert rater when 
assessing the performance based, quantitative tests, 
yet were less consistent assessing the movement 

screening tests. This finding is inconsistent with pre-
vious research, which has reported excellent interra-
ter reliability between expert and novice raters of the 
FMSTM,9,38,39 although, as stated earlier, this may be a 
function of the modified scoring system used in this 
study. These findings indicate that novice raters can 
be a valuable component of the sports medicine team 
in administering PPM tests to an athletic population. 
When the opportunity to train novice raters is com-
pressed due to time constraints, it may be best to use 
them in tasks that require simple quantitative tasks 
such as timing, counting repetitions, and measuring 

Table 5. Intra-class correlation coeffi cients for test-retest reliability for each rater.

Test 
BecivoNAecivoNtrepxE

ICC 95%CI SEM ICC 95%CI SEM ICC 95%CI SEM 

Broad Jump (cm) 0.95 (0.89, 0.98) 21.43 0.89 (0.74, 0.96) 21.10 0.97 (0.92, 0.98) 21.09 

CKCUEST (count) 0.73 (0.41, 0.89) 8.00 0.78 (0.47, 0.92) 6.92 0.77 (0.50, 0.91) 7.12 

LEYB - left (total) 0.70 (0.36, 0.87) 58.5 0.79 (0.53, 0.91) 55.4 0.81 (-0.57, 0.92) 56.7 

LEYB- right (total)  0.74 (044, 0.89) 56.6 0.82 (0.59, 0.93) 52.9 0.81 (0.57, 0.92) 54.9 

In-line Lunge - left (cm) 0.78 (0.51, 0.91) 24.22 0.81 (0.56, 0.92) 24.69 0.78 (0.50, 0.91) 24.53 

In-line Lunge - right (cm) 0.89 (0.74, 0.96) 24.34 0.83 (0.61, 0.93) 22.26 0.87 (0.68, 0.95) 24.08 

Lumbar Endurance (sec) 0.77 (0.47, 0.91) 79.71 0.76 (0.36, 0.92) 83.82 0.76 (0.47, 0.90) 84.10 
Side Plank Hip Abduction - left 
(count) 0.70 (0.35, 0.88) 17.19 0.75 (0.39, 0.91) 17.61 0.78 (0.51, 0.91) 18.39 

Side Plank Hip Abduction – right 
(count) 0.88 (0.68, 0.95) 18.28 0.36 (-0.21, 0.75) 22.16 0.80 (0.55, 0.92) 18.65 

Triple Hop - left (cm) 0.63 (0.25, 0.84) 139.94 0.63 (0.25, 0.84) 138.06 0.69 (0.34, 0.87) 134.81 

Triple Hop- right (cm) 0.75 (0.45, 0.90) 124.04 0.78 (0.50, 0.91) 126.81 0.73 (0.41, 0.89) 130.47 

Nordic Hamstring Test (degrees) 0.05 (-0.41, 0.49) 14.90 0.06 (-0.40, 0.50) 13.70 0.29 (-0.19, 0.67) 16.85 

Lateral Lunge - left trail (cm) 0.83 (0.61, 0.93) 22.25 0.78 (0.50, 0.91) 21.78 0.64 (0.27, 0.85) 24.52 

Lateral Lunge – right trail (cm) 
0.81 (0.57, 0.92) 21.36 0.78 (0.52, 0.91) 20.43 0.68 (0.32, 0.86) 22.63 

Side Plank Hip Adduction – left 
(count) 0.78 (0.43, 0.92) 24.84 0.85 (0.64, 0.94) 25.16 0.80 (0.55, 0.92) 23.96 

Side Plank Hip Adduction – right 
(count) 0.78 (0.46, 0.92) 24.58 0.76 (0.46, 0.90) 25.60 0.83 (0.60, 0.93) 24.74 

ICC = Inter-class Correlation Coefficients with 95% confidence interval; SEM = standard error of measure; CKCUEST=Closed 
kinetic chain upper extremity stability test; LEYB= Lower extremity Y-balance test.  

Table 6. Weighted Kappa for test-retest reliability for each rater.

Test 
AecivoNtrepxE Novice B 

Kw 95%CI SE Kw 95%CI SE Kw 95%CI SE 
Full Squat  0.79 (0.57, 1.0) 0.11 0.68 (0.40, 0.95) 0.14 0.63 (0.34, 0.92) 0.14 
Downward Dog  0.47 (0.14, 0.80) 0.17 0.30 -0.04, 0.66) 0.18 0.60 (0.34, 0.85) 0.12 
Single Leg Squat - left  0.54 (0.25, 0.82) 0.14 0.46 (0.01, 0.92) 0.23 0.41 (-0.01, 0.83) 0.21 
Single Leg Squat- right 0.43 (0.19, 0.68) 0.12 0.71 (0.50, 093) 0.11 0.25 (-0.14, 065) 0.20 
Shoulder Mobility Test - left 0.32 (0.07, 0.58) 0.13 0.32 (-0.03, 0.64) 0.87 0.71 (0.41, 1.0) 0.15 
Shoulder Mobility Test - right 0.49 (0.19, 0.80) 0.15 -0.09 (-0.26, 0.25) 0.13 0.73 (0.46, 0.99) 0.13 
Active Straight Leg Raise - left 0.81 (0.61, 1.00) 0.10 0.59 (0.29, 0.88) 0.14 0.54 (0.23, 0.68) 0.16 
Active Straight Leg Raise - right 0.73 (0.54, 0.91) 0.09 0.69 (0.46, 0.92) 0.11 0.78 (0.48, 1.0) 0.15 
Beighton Hypermobility  0.69 (0.46, 0.92) 0.18 0.73 (0.58, 0.89) 0.08 0.72 (0.53, 0.90) 0.09 

Kw = weighted kappa with 95% confidence interval; SE = standard error
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distances. Further training may be necessary for nov-
ice raters to understand qualitative movement pat-
terns and to reliably evaluate them.

The PPMs that focused on movement quality were 
all established tests taken from the FMSTM, Frohm-9, 
or ACL prevention literature, except for the Down-
ward Dog, which was designed specifically to assess 
the global flexibility of the posterior half of the body 
from the latissimus dorsi proximally to the triceps 
surae group distally. The established tests (Full 
Squat, Single Leg Squat, Shoulder Mobility Test, 
Active Straight Leg Raise, and Beighton Hypermobil-
ity) scored in this study using a 0-5 scale, exhibited 
considerably lower interrater and test-retest reliabil-
ity than the more quantitative tests. This scoring 
differential was not surprising, considering the sub-
jective nature of the assessment; however, interra-
ter reliability for the novel Downward Dog test was 
substantially better than the other qualitative move-
ment screening tests, although test-retest reliability 
was only moderate.

The previously established tests of performance 
for the lower extremity used in this screening bat-
tery had all been designed to assess strength and/
or power during sagittal plane activities, effectively 
targeting the hip and knee extensor musculature; 
however, multi-directional sports with a high-risk 
of injury require frequent deceleration, change of 
direction, and significant lower extremity demands 
outside of the sagittal plane. Therefore, three lower 
extremity PPMs were designed and added to the test 
battery in order to assess frontal plane core and hip 
stability, strength (Plank Hip Abduction and Adduc-
tion tests), and functional range of motion (Lateral 
Lunge for Distance) and hamstrings function (Nor-
dic Hamstring). Of these novel tests, the Side Plank 
Hip Adduction, and Lateral Lunge for Distance 
exhibited excellent interrater and test-retest reliabil-
ity. Both the Side Plank Hip Abduction and Lateral 
Lunge for Distance showed excellent interrater reli-
ability, yet test-retest reliability was subtly lower, 
especially when measured by the novice raters. The 
Nordic Hamstring test exhibited poor interrater and 
test-retest reliability. Test-retest reliability for the 
Nordic Hamstring was poor for all raters. This may 
be because identifying the last point at which the 
athlete was able to control their downward descent 

was largely subjective, and may have been influ-
enced by a learning effect between the two sessions. 
These results suggest that at this point, the Nordic 
Hamstring should not be used as an outcome mea-
sure, until further modification of the methodology 
has been refined to improve both the interrater and 
test-retest reliability.

The reliability results for the movement quality tests 
in the 16-PPM are comparable, yet lower than pre-
viously reported in the literature. This may be due 
to the assessment scale, seeing that it was modified 
from the conventional 0-3 scale used for the FMSTM 
and Frohm-9 to a 0-5 scale. Because the 0-3 scale 
often ends up in a bell-shaped distribution with sig-
nificantly more athletes scoring a 2 than a 0, 1 or 3,40 
the 0-5 scale was designed to provoke, and success-
fully elicited, a wider range of scores (Table 2), hop-
ing to ultimately more accurately differentiate injury 
risk. However, the wider range of scores also gen-
erated lower inter- and test-retest reliability scores 
than the traditional FMSTM and Frohm-9 tests.7,39-41 

PPMs may be a valuable component of injury risk 
or return to play screening procedures. Conventional 
screening batteries (e.g. FMSTM and Frohm-9) and indi-
vidual tests (e.g. drop vertical jump, tuck jump test) 
focus on primary and compensatory neuromuscular 
movement strategies to assess injury risk, but do not 
encompass the broader spectrum of performance. 
While these tests effectively evaluate mobility and 
stability, the construct of power is not assessed dur-
ing movement screening tests. Power is an integral 
component of most sports with a high risk of injury. 
Side-to-side asymmetries in the ability to produce 
power may put an athlete at higher risk of injury. 
Consequently, these batteries may not provide the 
most comprehensive representation of an athlete’s 
risk of injury or ability to compete. In this respect, 
the authors’ believe that the tests which comprise the 
FMSTM and Frohm-9 may have their respective place 
in the hierarchical levels for the global assessment of 
function; however, there are alternative PPM screen-
ing batteries that may specifically add benefit to the 
assessment of function and performance in athletic 
populations. Tests that evaluate performance can be 
challenging to administer, requiring the athlete to 
consistently put forth maximal effort to ensure opti-
mal test reliability. While more research needs to be 
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conducted to establish the construct validity, respon-
siveness, and criterion validity of the proposed 
16-PPM these results suggest that the majority of the 
included PPMs examined exhibited acceptable reli-
ability and may be a beneficial part of future injury
risk and return to play screening procedures.

The primary limitation of this study was the meth-
odology used in examining intrarater reliability. 
While each rater independently scored the perfor-
mance of each test, the instructions were given only 
by the expert examiner. True intrarater reliability 
would involve each rater independently setting up, 
instructing, and scoring the results of each test. 
However, the reliability of performance measures is 
influenced by a rater’s ability to consistently score a 
test and an athlete’s ability to consistently perform a 
test. Thus, requiring the athlete to perform the same 
screen separately for each of the three raters on two 
occasions may have induced more error into the 
intrarater reliability results.

CONCLUSIONS
In summary, this study assessed the reliability of 
16-PPM that, in combination, provide a comprehen-
sive screen of an athlete’s movement quality and 
performance, examining such constructs as strength, 
stability, mobility, and power. The proposed battery 
of tests has dynamically evolved into a preliminary 
screen of the 16 tests described in this manuscript, 
which is distinctly different from the FMSTM and 
Frohm-9, due to the presence of tests that more spe-
cifically measure power, function, and performance. 
The combination of movement and performance 
based tests is important in understanding the full pic-
ture of an athlete’s movement strategies and neuro-
muscular deficits. More work is needed to investigate 
the validity of the entire battery and each individual 
test to predict injury risk. While the authors’ believe 
that this screening battery is comprehensive, further 
work may ultimately reduce the number of tests 
needed for injury risk prediction or return to play 
decisions.
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Appendix 1. 16-PPM Battery

Quantitatively- Scored Tests
Broad Jump Triple Hop for Distance Nordic Hamstring

Lower Extremity Y-Balance In-Line Lunge for Distance Lateral Lunge for Distance

CKCUEST Lumbar Endurance

Side Plank Hip Abduction Side Plank Hip Adduction
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Appendix 1. 16-PPM Battery (continued)

Qualitatively- Scored Tests

Full Squat Downward Dog

Scoring:
0: Pain with test
1: Unable to squat without substitutions to parallel with a 2x4
2: Squat to parallel with 2x4, no substitutions
3: Full squat with 2x4, no substitutions
4: Squat to parallel, no substitutions
5: Full squat (below 90°), no substitutions

Scoring:
0: Pain with test
1: Unable to get heel to floor with one leg lifted straight back
2: One heel to floor with other leg lifted straight back
3: Both heels to floor with adjusted hand position and rounded

back
4: Both heels to floor with adjusted hand position, and flat back
5: Patient able to touch heels to floor and assume inverted V

position

Single Leg Squat Active Straight Leg Raise Shoulder Mobility 

Scoring:
0: Pain with test
1: 5+ errors observed
2: 4 errors observed
3: 3 errors observed
4: 2 errors observed
5: 0-1 error observed

Scoring:
0: Pain with test
1: Dowel lines up below mid-shin
2: Dowel lines up between patella and 
mid-shin
3: Dowel lines up between mid-thigh and 
patella
4: Dowel lines up between greater 
trochanter and mid-thigh
5: Dowel lines up with greater trochanter 
or above

Scoring:
0: Pain with test
1: Fists greater than 2-hand lengths apart 
with or without scapular winging 
2: Fists between 1- and 2-hand lengths 
apart‐ with or without scapular winging
3: Fists within 1-hand length with
scapular winging
4: Fists within 1-hand length with without 
scapular winging
5: Fists touch without scapular winging

Beighton Hypermobility

Scoring:
0: Pain with test
1: 8-9 points
2: 6-7 points
3: 4-5 points
4: 2-3 points
5: 0-1 points


