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Abstract

O’Connor, S, McCaffrey, N, Whyte, EF, and Moran, KA. Can a standardized visual assessment of squatting technique and core
stability predict injury? J Strength Cond Res 34(1): 26-36, 2020—This study examined whether a standardized visual assessment
of squatting technique and core stability can predict injury. Male adolescent and collegiate Gaelic players (n = 627) were assessed
using the alternative core/trunk stability push-up test and a developed scoring system for the overhead squat and single-leg squat
(SLS) that examined both overall impression and segmental criteria. A single summative score from the overall impression scores of
all 3 tests was calculated. Sustained injuries were examined over a season. Results indicated that the single summative score did
not predict those that sustained a lower-extremity injury, trunk injury, or whole-body injury, and receiver operating characteristic
curves were also unable to generate an optimal cutoff point for prediction. When segmental criteria were included in multivariate
analyses, the tests were able to predict whole-body injury (o < 0.0001) and lower-extremity injury (o < 0.0001). However, although
specificity was high (80.6%, 76.5%), sensitivity of the models was low (40.2%, 44.2%). The most common score was “good” for the
overhead squat (46.4%) and SLS (47.6%), and “good” and “excellent” for the alternative core stability push-up test (33.5%, 49.1%),
with “poor” core stability increasing the odds of sustaining a lower-extremity injury (odds ratio = 1.52 [0.92-2.51]). The findings
suggest that although segmental scoring could be incorporated by strength and conditioning coaches and clinicians, they should

be used predominantly as a preliminary screening tool to highlight players requiring a more thorough assessment.
Key Words: overhead squat, single-leg squat, alternative trunk stability push-up test, Gaelic games

Introduction

Gaelic games (Gaelic football and hurling) are 2 field sports
predominantly played in Ireland. Gaelic football is similar to
Australian Football, and hurling can be described as a mixture of
field hockey and lacrosse (47). Similar to other field sports, they
require players to complete continuous light-to-moderate aerobic
activity with repeated high-intensity anaerobic activity in-
terspersed throughout (20). Injuries in Gaelic games are frequent,
accounting for 61.8, 25.1, and 13.2 injuries per 1,000 hours in
elite (7,44), collegiate (47), and adolescent (45) Gaelic players,
respectively. The injury burden to players is considerable, par-
ticularly to the knee and ankle, with 80.8 and 52.8 days absent
per 1,000 hours noted in collegiate and Gaelic footballers, re-
spectively (47). Financially, an average claim costs the governing
body for Gaelic games €1,158.40, and just under 65 million euro
was paid out in claims between 2007 and 2014 (50). These
highlighted socioeconomic costs of injury in Gaelic games in-
dicate that priority should be placed on reducing injury risk.
Preseason screenings can be used to evaluate a player’s ability
in selected tasks with the aim of identifying risk factors for injury.
This facilitates the introduction of preventative strategies, where
necessary, to reduce the likelihood of subsequent injury (37). By
assessing global movement patterns during functional tests, the
synchrony of the neuromuscular control, range of motion,
strength, endurance, balance, and coordination required to
complete the movement can be examined (12,34). Although
3-dimensional (3D) motion analysis is considered the gold
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standard method for examining kinematics, it is generally not
available to coaches and clinicians. It uses expensive equipment
and can be time-consuming to complete, both of which limit its
application to large-scale preseason screenings (41). Research
recommends that tests and methods of assessment used in pre-
season screenings should be time efficient, simple to execute, and
use field-based tests that require minimal and inexpensive
equipment to maximize compliance (25,26,37). Thus, visual
assessments are commonly used to examine risk factors for injury.
However, it is critical to identify standardized visual assessments
of field-based screening tests that can accurately predict injury.
The overhead squat is a commonly used screening test and is
included in accepted screening methods, such as the Functional
Movement Screen (FMS) (18) and National Academy of Sports
Medicine (NASM) screening (15). The overhead squat was found
to be a valid (12) and reliable (42,53,56) method of examining
functional movement. It challenges multijoint mobility and con-
trol in an attempt to gain an understanding of the person’s
movement quality (12,17). Current research has reported con-
tradictory findings on the ability of the overhead squat to predict
injury. The overhead squat rated using the FMS criteria was
found to significantly predict musculoskeletal injury in fire-
fighters {odds ratio [OR] = 1.21 (95% confidence interval [CI]:
1.01-1.42)} (11), noncontact injuries in professional soccer
players (p = 0.0128) (51), and contact injuries in professional
rugby players (injured = 1.6 = 0.8 vs. noninjured = 2.1 = 0.4,
Cohen’s d = 1.04) (55) highlighting its use as a screening tool.
However, only Tee et al. (55) examined the sensitivity and spec-
ificity of the overhead squat, and in combination with the in-line
lunge and active straight leg raise, reported high specificity
(83%), but lower sensitivity (52%). By contrast, no significant
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association between the FMS overhead squat and noncontact
injury in Division 1 athletes (58) was noted, and other studies did
not examine the relationship between individual tests within the
FMS and subsequent injury (13,27,32,43). The ability of the
overhead squat to predict injury in Gaelic games has not yet been
examined. In addition, a challenge related to injuries that occur in
field sports, including Gaelic games, is that mechanisms of injury
are not always bilateral and cannot necessarily be replicated by
the bilateral overhead squat exercise (51). In fact, both NASM
(15) and Rusling et al. (51) suggested that the single-leg squat
(SLS) should also be included in preseason screenings to provide
an overall indication of movement quality (4) more applicable to
field sports. The SLS is also considered more demanding than the
overhead squat, potentially facilitating easier identification of any
abnormal movement pattern present (38). In addition, motor
control assessed by the SLS and the overhead squat were found to
statistically predict nontraumatic injuries in NCAA Division 1
athletes examined prospectively over 3 seasons (p = 0.03) (28).
However, the accuracy of the model was not reported. To date,
limited research has examined whether the SLS predicts injury
(39), and it has yet to be investigated in Gaelic games.

Although an “overall” assessment of the overhead squat
movement pattern is common, (such as the FMS scoring criteria),
the inclusion of a segmental level scoring system, where individual
components of the squatting technique are assessed (such as knee
alignment or depth of the squat for the overhead squat and SLS),
could provide additional information on squatting technique.
This may identify segment-specific predictors of injury, which
could ultimately allow for more targeted prescription of correc-
tive exercises. Thus, the utilization of a combined overall and
segmental criteria scoring of both the overhead squat and SLS is
a novel method of potentially enhancing the accuracy and pre-
dictive ability of these preseason screening tests.

Core stability provides a stable base for movement of the ex-
tremities, maintains the integrity of the spinal column, and pro-
vides resistance to perturbations; it requires adequate hip and
trunk muscle capacity alongside appropriate motor control (62).
Although there is a lack of consensus on a precise definition of
core stability (8), it is commonly considered that core stability is
an important factor in reducing injury risk in athletes (35). Al-
though poor core stability (assessed by trunk control) has been
shown to increase the risk of knee injuries in female athletes
(63,64), overall, there is limited research demonstrating it is a risk
factor to injury (62). Specifically, its ability to predict injury in
male Gaelic games has yet to be examined.

The alternative trunk stability push-up test, adapted from the
trunk stability test used in the FMS (17), is a simple and time-
efficient functional screening test examining core stability for the
athletic population (46). For the purpose of this article, the al-
ternative trunk stability push-up test will be called the alternative
“core” stability push-up test for clarity of terms. It has been
suggested that the alternative core stability push-up test is more
appropriate for assessing athletic populations because it examines
core stability during a dynamic movement under functional
loading (46) (rather than static control). It allows for greater
subclassification by the inclusion of an additional step of lifting
the right leg to reduce the stable base (46). Although the original
trunk stability test has been found to predict nontraumatic inju-
ries in professional soccer players (51) and injury in firefighters
(OR = 1.30 [95% CI: 1.07-1.53]) (11), the individual test sen-
sitivity and specificity were not presented. Other research found
no relationship between the trunk stability push-up test and either
severe injury in professional rugby union players (55) or
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noncontact injuries in Division 1 collegiate athletes (58). No re-
search has yet examined the alternative core stability push-up test
and its relationship to injury.

Previous screening tools have demonstrated varying levels of
predictive ability in sporting populations. The FMS, for example, did
not demonstrate predictive validity in active adult populations (21),
with a recent meta-analysis noting high specificity (85.7%) but low
sensitivity (24.7%) (21). In light of this issue and how common
injuries are to the lower extremities and trunk in Gaelic games
(45,47), it would be prudent to examine the ability of any screening
tool to predict injuries to these specific anatomical regions, as well as
to the whole body. In addition, the sensitivity and specificity should
be examined to determine whether it is appropriate to use in this
population.

Clinicians and strength and conditioning coaches tend to
value and request a summative score from their screening that
can accurately identify those at risk or not at risk of sustaining
an injury. Screening tools, such as the FMS, have attempted to
do this by using summative composite scores of all tests in-
cluded in the screening tool. However, this presumes that all
tests score as a unidimensional construct (31), which may not
be the case. Previous research examining the FMS has dem-
onstrated low internal validity, indicating that summative
scores should not be used and instead focus should be placed
on the individual scores rather than an overall score (9,31).
Thus, it would be judicious to examine whether summative
scores using the overhead squat, SLS, and alternative core
stability tests or individual movement scores provide better
predictive ability before recommending these tests to clinicians
or strength and conditioning coaches.

This study therefore has 3 aims. The primary aim is to ex-
amine whether developed “overall” and “segmental” scoring
systems for the overhead squat and SLS, and the alternative
core stability push-up test, can predict lower-extremity inju-
ries, trunk injuries, or whole-body injuries. The secondary aim
is to present normative data for Gaelic game players for the
overhead squat, SLS, and the alternative core stability push-up
test. Finally, the third aim is to examine the relationship be-
tween all 3 screening tests to determine whether all 3 need to be
used in a testing protocol.

Methods

Experimental Approach to the Problem

A cohort study design was implemented to examine whether stan-
dardized visual assessments of the overhead squat, SLS, and alter-
native core stability push-up test could predict injury in Gaelic game
players. Previous research has found the alternative core stability
push-up test to have excellent intertester (intraclass correlation co-
efficient [ICC] = 0.97) and good to excellent intratester reliability
(ICC = 0.73-0.90) (32). Given that we developed the scoring sys-
tem for the overhead squat and SLS, the reliability of these 2 tests
was examined. The scoring system was developed by a bio-
mechanist, sports medicine physician, and 2 certified athletic
therapists. Content validity was established by discussing the limi-
tations of previous scoring systems, highlighting the segmental areas
that would need to be examined in the scoring system for corrective
exercises to be prescribed. Consideration was also given to ensure
the test was easy to administer, time efficient, and required minimal
equipment. A 0-3 rating (0 = no issue, 1 = slight issue, 2 = mod-
erate issue, and 3 = severe issue) was decided for each of the seg-
mental criteria of the overhead squat and SLS: knees to toe
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alignment, knee medial alignment or knee valgus, toes facing out-
ward, depth of squat, trunk forward flexion, and balance (Table 1).
This scoring system was based on the relationships between joint
position, loading, and the risk of injury. For example, correct knee
alignment over the toes helps to reduce shearing forces at the knee
joint during squatting (24). Increased knee valgus has been identi-
fied as a risk factor for knee injury (60), including noncontact an-
terior cruciate ligament tears (2) and patellofemoral pain syndrome
(60). If a subject has reduced ankle dorsiflexion, they may face their
toes outward, which leads to greater subtalar joint pronation but
allows them to achieve adequate dorsiflexion to complete the
squatting motion (15). This can consequentially lead to greater
loading on the body, which may predispose to injury. Regarding the
hip joint, reduced hip flexion range of motion in the squat could
highlight mobility or stability issues of the hip joint (18,22). Trunk
forward flexion has been proposed to increase the stress on the
lumbar spine and may be due to reduced hip mobility (33).Poor
balance can reduce an individual’s ability to maintain a stable base
during the movement, which may consequentially reduce perfor-
mance of functional movements (10) and increase injury risk (30).
An overall impression rating of the overhead squat and SLS was
also included, with a scoring system of poor (1), average (2), and
excellent (3). Reliability analysis was completed by 3 testers on
a convenience sample of 15 physically active male college students
(19.5 = 0.6 years, 1.80 = 5.99 m, 75.67 = 13.28 kg). Testers
underwent 2 familiarization sessions and practiced on 10 subjects,
with feedback on the test instruction and scores provided by the
lead author. Two sessions were completed a week apart at the same

time. Using the ICC, excellent intertester and intratester reliability
was found for both the squat and SLS (Table 2).
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Subjects

Male adolescent (mean = SD: n = 292, age = 15.7 = 0.7 years,
height = 1.76 = 0.08 m, and body mass = 67.5 * 10.0 kg) and
collegiate (n = 342, age = 19.4 * 1.9 years, height = 1.8 =
0.07 m, and body mass = 77.6 = 9.3 kg) Gaelic footballers and
hurlers were recruited from 6 schools and 2 collegiate institutions.
Eight subjects were injured when they presented at the preseason
screening and so were excluded from the study. The study was
approved by Dublin City University research ethics committee; all
adult subjects provided written informed consent, and minors
provided written consent and parental informed consent.

Procedures

Subjects were required to attend a preseason screening wearing
shorts and a t-shirt, and all testing was completed barefoot. Tests
were completed in a station format with subjects rotating between
the 3 stations. At each station, the tester read the test instructions
to the subject and demonstrated the test. Squatting technique was
assessed using the overhead squat (Figure 1) and SLS (Figure 2).
For the overhead squat, subjects were required to stand with their
feet shoulder-width distance apart and toes facing forward. They
grasped a dowel in both hands and placed it horizontally on top of
their head, so their shoulders and elbows were at approximately
90°. They assumed the starting position by straightening their
elbows with the dowel overhead. Maintaining an upright torso,
the subject was asked to slowly squat down as far as was com-
fortable while keeping their heels on the floor. They held this
position for a count of 1 and returned to the starting position.
Three trials were completed, and the scoring system as described
previously was completed.

Squatting technique scoring system.

Component of the squat Rating

Scoring definition

Knee to toe alignment No issue (0)

Slight issue (1)
Moderate issue (2)
Severe issue (3)
No issue (0)

Slight issue (1)
Moderate issue (2)
Severe issue (3)
No issue (0)

Slight issue (1)
Moderate issue (2)
Severe issue (3)
No issue (0)

Slight issue (1)
Moderate issue (2)
Severe issue (3)
No issue (0)

Slight issue (1)
Moderate issue (2)
Severe issue (3)
No issue (0)

Slight issue (1)

Knee medial alignment/knee valgus

Toe-out

Squat depth

Trunk flexion

Balance

Moderate issue (2)

Severe issue (3)

Patella directly above or behind toes

Patella beyond toes

Medial or lateral epicondyle beyond toes

Popliteal crease above or beyond toes

Patella over center of the ankle

Patella over the medial malleolus

Patella beyond the medial malleolus

Lateral epicondyle medial to the medial malleolus

Patella aligned lateral to the hallux

Patella aligned directly over the hallux

Patella aligned medial to the hallux

Lateral epicondyle medial to the hallux

Thigh below horizontal (parallel to the ground)

Thigh reaching horizontal

Thigh reaching between 45" and horizontal

Thigh unable to reach 45° from horizontal

Trunk parallel to the tibia

Small amount of flexion of the trunk beyond parallel with the tibia
Large amount of flexion of the trunk beyond parallel with the tibia
Trunk parallel to the ground (or beyond)

Subject steady and not at risk of losing their balance during the squat
Subject slightly unsteady at certain points during the squat but it does not
negatively impact the performance of the squat

Subject moderately unsteady during the squat and may or may not
negatively impact the performance of the squat

Subject excessively unsteady during the squat and negatively impacts the
performance of the squat.
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Intertester and intratester reliability of the squat and single-leg
squat.*

Intertester Intratester
ICC ICC
Squat
Overall impression 1.00 0.98
Knee to toe alignment 0.93 0.85-0.96
Knee valgus 1 1
Toe-out 0.96 0.926
Depth 0.85 0.90-0.96
Trunk flexion 0.94 0.86-0.94
Balance 1 1
Single-leg squat
Overall impression 0.98 0.97-1.00
Knee to toe alignment 0.94 0.95
Knee valgus 0.95 0.82-0.88
Toe-out 0.92 0.76-0.83
Depth 0.95 0.79-0.92
Trunk flexion 0.87 0.95-1.00
Balance 0.92 0.85-1.00

*ICC = intraclass correlation coefficient.

The SLS was completed on their dominant leg, which was de-
fined as their preferred kicking leg (43). Subjects stood on their
dominant leg on the edge of a step with their contralateral hip
flexed and leg outstretched in front. The subjects outstretched
their arms to 90° with elbows straight and their hands clasped
together. Subjects were required to squat down as far as was
comfortable and return to the starting position. Three trials were
completed, and the same scoring system as the overhead squat
was used.

The alternative core stability push-up test as described by O’Con-
nor et al. (46) was used to examine core stability (Figure 3). Subjects
were required to complete a press-up while lifting their body as a unit
with a straight line between the shoulders, hip, and knees. Subjects
began with their feet together, hands shoulder-width apart with their
hands and forehead at the level of the athletic tape, which was placed
in a straight line on the floor. The test was deemed successful if they
could complete the press-up with no lagging or twisting of the spine or
hips. Those who completed the test successfully in this position were
asked to repeat it again with their right leg lifted 3 cm off the ground. If
unsuccessful, they received a good score (3), and if successful, they
were given a score of excellent (4). Those who could not complete the
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first push-up sufficiently completed it again with their chin at the level
of athletic tape; if successful, they receive a rating of average (2), and if
unable to complete it, they receive a poor score (1).

Injury Assessments. Any injury sustained during training or com-
petition that resulted in restricted performance or time lost from play
was examined and recorded on a standardized injury report form
over the course of the season (45,47). Injury examinations were
completed by a certified athletic therapist alongside third- and
fourth-year undergraduate athletic therapy and training students at
least weekly. Students were completing their undergraduate place-
ment with the teams involved in the study and were required to
attend all training sessions and matches. All students had passed all
required classes relating to the diagnosis of musculoskeletal injuries
in sport and had undertaken at least 1 year of placement with sports
teams before this study. The primary author reviewed all injury di-
agnoses and standardized injury-report forms on a weekly basis, and
for those where the author was not present during the injury ex-
amination and queries were present on the diagnosis, a reassessment
by the primary author was completed. Lower-extremity injuries were
defined as any injury that occurred from the hip to the toe. Trunk
injuries incorporated any injury of the spine, abdomen, or thorax.

Statistical Analyses

All statistical analyses were performed using SPSS for Windows
version 23. Normative data were presented by calculating the
percentage of subjects who were given each rating on the alter-
native core stability push-up test, overhead squat, and SLS. A
single summated overall impression score (a summative score of
the alternative core stability push-up test, overhead squat, and
SLS) was calculated for all subjects. The maximum score
achievable was 10 if an excellent score was provided in all 3
screening tests. Univariate logistic regression was completed to
examine whether this single summative score itself could predict
lower-extremity injuries, trunk injuries, and whole-body injuries.
Receiver operating characteristic (ROC) curves were also imple-
mented to examine whether an optimal cutoff point existed that
could identify those at risk of sustaining a lower-extremity injury,
trunk injury, and whole-body injury. An area under the curve
(AUC) value of greater than 0.6 was set by authors to generate
a cutoff point with adequate overall sensitivity and specificity, as
a value of 0.5 equals chance (65).

Figure 1. Overhead squat (A) starting position, and (B and C) final squat position.
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Figure 2. Single-leg squat (A) starting position, and (B and C) final single-leg squat position.

A 2-stage analysis was conducted to examine the predictive ability of
the overall impression and segmental criteria scores for the overhead
squat, SLS, and alternative core stability pushup test for lower-
extremity injuries, trunk injuries, and whole-body injuries. The first step
was the univariate regression analysis. Any variables with a p value of
=0.20 on the Wald test in the univariate analysis were then entered into
the multivariate analysis (57). No variables displayed multicollinearity
as each variable had a tolerance value of greater than 0.10 and a vari-
ance inflation factor of less than 10. A separate backward stepwise
logistic regression was then completed for lower-extremity injuries,
trunk injuries, and whole-body injuries. A p < 0.10 was used as a cutoff
level for elimination of nonsignificant predictors at each step. Statistical
significance of the model was set at an alpha level of 0.5. The overall
sensitivity and specificity of the model were also examined along with
the OR and 95% ClIs of each individual variable in the model.

To examine the strength of the relationship between the 3
screening tests, Spearman’s rho correlations were completed using
classifications according to Cohen (16) (weak = 0.10-0.29, mod-
erate = 0.30-0.49, and large = 0.50-1.0). The relationship between
(a) overall impression scores of the overhead squat and SLS, (b)
segmental criteria scores for the overhead squat and SLS with the
overall impression score, and (c) the alternative core stability push-up
score, segmental criteria scores, and overall impression scores for the
overhead squat and SLS were also examined.

Results

Normative Data

Normative data for scores in the alternative core stability push-up
test, overhead squat, and SLS are presented in Table 3. A higher

percentage of collegiate players received an excellent score
(61.8%) in the alternative core stability push-up test than ado-
lescent players (33.7%). Players primarily received a good rating
for overall impression of the overhead squat (46.4%) and SLS
(47.6%); however, collegiate players performed worse in the SLS
than the overhead squat with 51.4% receiving a poor rating. For
the segmental scoring in the overhead squat, players pre-
dominantly presented with some issues for excessive trunk flexion
(72.0%) and squat depth (60.4%). For the SLS, 81.8, 76.7, 71.9,
68.8, and 56.2% presented with issues for excessive trunk flex-
ion, knee to toe alignment, squat depth, knee valgus, and poor
balance, respectively.

Injury Prediction

Three hundred eighteen injuries occurred over the course of the
season, with 223 of these to the lower-extremity and 32 to the
trunk. The single summated score of the overall impression scores
of the overhead squat, SLS, and alternative core stability push-up
test (of a score of 10) was unable to significantly predict lower-
extremity injury or trunk injuries (p > 0.05). In fact, performing
better in the single summated score of all 3 tests actually signifi-
cantly increased the likelihood of sustaining a whole-body injury
(OR =1.12[1.001-1.25], p = 0.03). However the sensitivity was
0% and had the same accuracy as the null hypothesis. In addition,
ROC curves generated an AUC value of less than 0.6, indicating it
was not possible to identify a cutoff point with adequate sensi-
tivity and specificity to predict a player at risk of sustaining
a lower-extremity injury, trunk injury, or whole-body injury.
After this, univariate regression analyses were completed ini-
tially to examine whether the overall and segmental criteria scores

Figure 3. Alternative core stability push-up test (A) starting position, and (B) final position with right foot
slightly off the ground.
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Normative data for the alternative core stability push-up test, overhead squat, and single-leg squat.*

All Adolescent Collegiate
Alternative core stability push-up Poor  Average Good Excellent ~ Poor  Average Good Excellent ~ Poor  Average Good Excellent
4.8 12.6 335 491 7.9 18.9 39.5 337 2.3 7.4 28.5 61.8
Overhead squat Poor Good Excellent Poor Good Excellent Poor Good Excellent
Overall impression 343 46.4 19.3 36.9 40.1 23.0 322 51.6 16.2
Issue None Minor Moderate Severe None Minor Moderate Severe None Minor Moderate Severe
Knee to toe 60.1 234 12.1 4.4 68.5 14.9 9.3 7.3 533 30.3 14.4 2.0
Knee valgus 743 15.0 8.4 2.3 67.5 18.7 9.0 48 79.9 11.9 7.9 0.3
Toe-out 60.0 25.9 10.7 3.4 60.2 22.8 121 48 59.8 28.3 9.6 2.3
Depth 395 29.6 246 6.2 39.2 323 236 49 39.7 275 255 7.4
Trunk flexion 279 32.1 26.5 134 233 39.9 24.3 12.5 317 25.8 28.3 14.2
Balance 68.3 24.0 7.0 0.6 62.8 27.8 9.4 0.0 72.8 21.0 5.1 1.1
Single-leg squat Poor Good Excellent Poor Good Excellent Poor Good Excellent
Overall impression 441 47.6 8.4 35.2 51.9 12.9 51.4 43.9 4.6
Issue None Minor Moderate Severe None Minor Moderate Severe None Minor Moderate Severe
Knee to toe 234 51.6 22.4 2.7 25.3 55.6 17.0 2.1 21.7 48.3 26.9 3.1
Knee valgus 31.2 422 19.9 6.7 27.8 49.0 18.1 5.2 34.0 36.6 214 8.0
Toe-out 87.5 9.9 2.4 0.3 87.5 9.0 3.1 0.3 87.4 10.6 17 0.3
Depth 28.1 29.9 36.8 5.2 26.7 37.8 30.2 5.2 29.1 234 42.3 5.1
Trunk flexion 18.2 442 27.3 10.3 11.1 60.1 219 6.9 24.0 31.1 317 13.1
Balance 43.7 285 23.8 3.9 59.0 21.2 14.2 5.6 311 34.6 317 2.6

*Knee to toe; knee to toe alignment.

of the overhead squat, SLS, and alternative core stability push-up
test could predict lower-extremity injuries, trunk injuries, and
whole-body injuries. The p value, OR, and 95% CI of this uni-
variate analysis are displayed in Table 4. A poor score on the
alternative core stability push-up test doubled the odds of sus-
taining a whole-body injury during the season (OR = 2.00
[1.26-3.17]). Although poor performance in the overall impres-
sion of the overhead squat did increase the odds of sustaining an
injury (OR = 1.30 [0.92-1.83]), it was not statistically signifi-
cant, and this was also not the case for the SLS (OR = 0.86
[0.62-1.19]).

The variables with a p value =0.20 were included in the mul-
tivariate regression analysis, and all multivariate regression

analyses were adjusted for age. A backward stepwise logistic re-
gression created a statistically significant model to predict whole-
body injuries in Gaelic games (x> = 59.60, p < 0.0001), with the
individual predictors left in the model displayed in Table 5. The
model had a sensitivity of 40.2% and specificity of 80.6 % and, as
a whole, explained between 8.4 and 11.6% of the variance in
injury status and correctly classified 65.9% of cases.

A significant model was noted for lower-extremity injuries (x>
=49.53,p < 0.0001) with a sensitivity and specificity of 44.2 and
76.5%, respectively. The model explained 7.7-10.6% of the
variance in injury status and correctly classified 64.8% of cases.
The individual predictors left in this model are presented in
Table 5.

Univariate regression analysis for whole-body injuries, lower-extremity injuries, and trunk injuries.*

Whole-body injury

Lower-extremity injury Trunk injury

p OR 95% Cl p OR 95% CI p OR 95% CI
Overhead squat
Overall impression 0.141 130 0.92-1.83 0.49 114 0.78-1.67 0.60 1.25  0.54-2.91
Knee to toe 0.0041 163 1.16-2.28 0.061 142  0.98-2.06 0.93 096 0.44-2.11
Knee valgus <0.0001t 271 1.79-4.10 <0.0001t 264  1.63-4.28 0.091 2.86  0.85-9.63
Toe-out 0.011 156 1.11-2.17 0.12f 134  0.93-1.93 0.38 0.71  0.33-1.53
Depth 0.041 0.71  0.51-1.00 0.92 098  0.68-1.41 0.071 043  0.17-1.07
Trunk flexion 0.071 0.71  0.49-1.03 0.01t 0.56  0.36-0.86 0.28 155  0.70-3.45
Balance <0.0001t 226  156-3.27 <0.0001t 214 1.41-3.27 0.29 165 0.66-4.16
Single-leg squat
Overall impression 0.35 0.86 0.62-1.19 0.31 0.83  0.58-1.19 0.41 0.72  0.33-1.56
Knee to toe 0.071 141 0.97-2.05 0.03t 158 1.06-2.35 0.89 094 0.37-2.36
Knee valgus 0.03f 145 1.03-2.05 0.10t 137 0.95-2.00 0.81 111 0.49-2.51
Toe-out 0.003t 236  1.34-4.14 0.041 1.93  1.04-3.60 0.42 1.83  0.43-7.88
Depth 0.021 0.65  0.45-0.94 0.141 0.74  0.49-1.11 0.27 0.57  0.21-1.53
Trunk flexion 0171 1.33  0.88-2.01 0.35 124  0.79-1.93 0.96 1.02 0.38-2.76
Balance 0.12f 0.77  0.56-1.07 0.20 0.79  0.55-1.13 0.48 0.75 0.34-1.66
Alternative core stability push-up 0.0031 200 1.26-3.17 0.03t 178  1.07-2.96 0.22 250 0.58-10.74

*OR = odds ration; Cl = confidence interval.
tp value = 0.20.
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Multivariate regression analyses: individual predictors remaining
in whole-body injury, lower-extremity injury, and trunk injury
models.*

Predictor OR 95% CI
Whole-body injury
Overhead squat
Knee valgus 2.39 1.53-3.72
Depth 0.67 0.46-0.96
Balance 1.87 1.26-2.77
Single-leg squat
Knee valgus 1.55 1.06-2.25
Toe-out 2.04 1.13-3.69
Balance 0.65 0.46-0.94
Lower-extremity injury
Overhead squat
Knee valgus 2.59 1.66-4.02
Balance 1.72 1.16-2.54
Trunk flexion 0.66 0.45-0.97
Single-leg squat
Toe-out 1.98 1.10-3.56
Alternative core stability push-up 1.52 0.92-2.51
Trunk injury
Overhead squat
Knee valgus 2.88 0.86-9.72
Depth 2.36 0.94-5.94

*OR = odds ration; Cl = confidence interval.

A statistically significant model was found with the 2 pre-
dictors inputted (x> = 7.60, p = 0.02) for trunk injury. However,
a sensitivity of 0% and specificity of 100% was noted and
explained just 1.2-4.0% of the variance in injury status. The
model correctly classified 95.8% of cases. Knee valgus during
the overhead squat and insufficient depth when completing the
overhead squat increased their odds of a trunk injury by 2.88 and
2.36, respectively (Table 5).

Relationships Between the Tests

The overall impression scores of the overhead squat and SLS were
significantly moderately correlated (r = 0.31, p < 0.0001). The
alternative core stability push-up test was significantly weakly
correlated with both the overhead squat (r = 0.26, p < 0.0001)
and SLS (r = 0.16, p < 0.0001) overall impression scores.

Table 6 details the correlation between each individual seg-
mental criterion and the overall impression score for the overhead
squat and the SLS. All correlations were negative, indicating the
higher overall impression score was related to a lesser segmental
issue score. For the overhead squat, a significant large relation-
ship was found for squat depth with moderate relationships noted
for trunk flexion and balance. For the SLS, a significant large
relationship was found for balance with moderate relationships
noted for squat depth, trunk flexion, and knee valgus.

The alternative core stability push-up test was not statistically
significantly related to any segmental criteria in the SLS, aside
from a weak negative relationship for toe-out (r = —0.15, p <
0.0001). Table 7 displays the relationship between the alternative
core stability push-up test and the overhead squat segmental
criteria, whereby only weak relationships were noted.

Discussion

This study aimed to examine the ability of 3 simple, field-based
screening tests (the overhead squat, SLS, and alternative core
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stability push-up test) to predict lower-extremity injuries, trunk
injuries, and whole-body injuries in Gaelic game players. The
single summated score of all 3 screening tests was unable to sig-
nificantly predict lower-extremity or trunk injuries. Although the
scoring system did reach statistical significance for whole-body
injuries (p = 0.03), the sensitivity was zero and it did not accu-
rately predict whole-body injuries better than the null hypothesis.
In addition, no cutoff point with adequate sensitivity or specificity
was able to be generated using this single summated score. Thus,
the use of an overall summated numeric scoring system only as
a method of identifying players at risk of sustaining an injury
during the season is not advised. In addition, although summated
numeric scoring systems (for example, the FMS) may be easier
and less time-consuming to use by strength and conditioning
coaches and clinicians, the numeric output does not provide ad-
equate contextual information to prescribe exercises to reduce
injury risk. When incorporating a combined overall impression
and segmental criteria scoring, a significant model to predict
whole-body injuries (p < 0.0001), lower-extremity injuries (p <
0.0001), and trunk injuries (p = 0.02) was generated. This indi-
cates the inclusion of segmental criteria scoring improves the
ability to identify a player potentially at risk of injury. However,
the sensitivity of the models that predicted whole-body injuries
and lower-extremity injuries was low and correctly classified as
only 65.9 and 64.8% of cases. Although the current study only
examined Gaelic games players, the findings may be applicable to
other field sports, given the commonality in the demands of the
sports and injuries that occur. Similar to the current study’s
findings, a recent systematic review reported that there is in-
consistent evidence in current research, examining sport or oc-
cupational populations, that an overall score of poor movement
quality is related to increased risk of sustaining a lower-extremity
injury (61). In soccer players, the single summative score of all
FMS tests did not statistically significantly predict noncontact
injury, but the overall impression scores of the overhead squat
and trunk stability tests only did predict noncontact injury (51). In
firefighters, the overhead squat (OR = 1.21) and trunk stability
test (OR = 1.30) were also predictive of whole-body injuries (11).
However, segmental criteria scoring of the overhead squat were
not analyzed in these studies. By contrast, a prospective study
completed over 2 years reported that the overhead squat, SLS, and
trunk stability test were not significantly correlated to injury in
basketball players (40). However, only 14 players from 1 team
were included in the study compared with the 627 across multiple
teams in the current study. Although the model incorporating the
combined overall and segmental criteria scoring system predict-
ing trunk injuries did reach statistical significance in our study, it
explained very little injury variance and did not perform and
predict injured cases much better than chance. This may be due to
the low number of trunk injuries sustained in our study (7 = 32)
relative to the lower-extremity (7 = 223) and whole-body (n =
318) injuries.

A total of 55.7% of Gaelic players presented with a knee valgus
motion during the overhead squat compared with 68.8% during
the SLS, with players predominantly receiving a minor issue rat-
ing (42.2%). Knee valgus demonstrated in the overhead squat
increased the odds of sustaining a whole-body injury (OR = 2.39
[1.53-3.72]), lower-extremity injury (OR = 2.59 [1.66-4.02]),
and trunk injury (OR = 2.88 [0.86-9.72]). In addition, knee
valgus in the SLS was found to increase the likelihood of receiving
a whole-body injury by 1.55. Research has shown that those
demonstrating knee valgus during the SLS have weaker hip ab-
duction, knee flexion, and knee extension peak torque (14). Knee
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Relationship between segmental criteria scores and overall impression ratings in squatting techniques.

Overhead squat overall impression

Single-leg squat overall impression

p r p r
Knee to toe <0.0001* -0.27 Weak <0.0001* -0.23 Weak
Knee valgus <0.0001* -0.20 Weak <0.0001* -0.37 Moderate
Toe-out <0.0001* -0.19 Weak 0.002* -0.12 Small
Depth <0.0001* —0.51 Large <0.0001* —0.44 Moderate
Trunk flexion <0.0001* —0.46 Moderate <0.0001* —-0.41 Moderate
Balance <0.0001* -0.32 Moderate <0.0001* —0.53 Large

*indicates p < 0.05.

valgus also only influenced the overall impression rating for the
SLS, with a moderate correlation observed. This was also repor-
ted by Weeks et al. (60) who found that knee mediolateral dis-
placement significantly predicted SLS performance. Therefore,
any Gaelic players who present with knee valgus during screening
should undertake preventative exercise programs including hip
abductor, hamstring, and quadriceps muscle-strengthening
exercises (14) and technique correction activities to avoid this
at-risk position (52).

Issues with squat depth were noted in both the overhead squat
and SLS, with up to a third and two-fifths of subjects demonstrating
moderate and severe issues, respectively. However, reduced depth
of the squat did not predict whole-body or lower-extremity injuries
and so may not be a useful inclusion in the segmental scoring of the
squat. In the multivariate model, reduced depth of the overhead
squat was found to be predictive of trunk injuries (OR = 2.36), but
this was not significant (95% CI: 0.94-5.94). Reduced depth
during squatting is proposed to be due to reduced hip mobility and
stability (18). Kim et al. (33) reported that reduced hip flexion and
internal rotation at the hip was significantly negatively correlated
with squat depth, and reduced hip flexion mobility was found to
significantly predict squat depth. In addition, although greater hip
mobility was associated with significantly better performance in
basketball players, no relationship with injury was noted, similar to
the current study (40). Trunk flexion may have both positive and
negative implications. Trunk flexion can be a compensatory
movement due to poor hip mobility and has been proposed to
increase the stress placed on the lumbar spine (33). In our study,
however, although excessive trunk flexion during the overhead
squat was found to be common (72%), it was actually found to be
protective of sustaining a lower-extremity injury (OR = 0.66
[0.45-0.97]). In fact, more trunk flexion can act to cushion the load
during landing and stabilize the knee (6,54), a common site of
injury in Gaelic games (45,47).

Toe-out during the SLS was found to double the odds of sus-
taining a whole-body injury and lower-extremity injury, with 12.6%
of subjects presenting with this compensatory pattern during the
SLS. Toe-out during the SLS may be a compensation strategy by
subjects with limited dorsiflexion, by allowing increased subtalar
joint pronation (15). During the contact phase of gait, subtalar joint
pronation is coupled with internal tibial internal rotation. For those
who overpronate, the tibia remains in an internally rotated position
for an extended period, transmitting abnormal forces upward in the
kinetic chain, which can increase injury risk (3). Reduced dorsi-
flexion can occur because of tight calf musculature and previous
ankle injuries. Therefore, stretching and mobilizations of the taloc-
rural joint may be prescribed to those presenting with this com-
pensatory pattern (29). Poor balance noted on the overhead squat
was found to significantly increase the odds of receiving a whole-
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body injury and lower-extremity injury by 1.87 and 1.72, re-
spectively. Interestingly, this relationship was not observed during
the SLS. Ankle injuries are frequent in Gaelic games, accounting for
10-12% of all injuries in adolescent and collegiate Gaelic games
(45,47), and poor lower limb proprioception has been previously
identified as a risk factor for injury in adult Gaelic footballers (59).

Players predominantly performed well in the alternative core
stability push-up test with 82.6% of them receiving either a good
or an excellent rating, which is higher than reported in male
runners (43.5%) (1) and young active male and female adults
(76.2%) (53) who received a score of 3 in the trunk stability test.
Collegiate players (61.8%) received a higher amount of excellent
scores than adolescent players (33.7%), indicating that core sta-
bility improved as players aged. High school female cheerleaders
also demonstrated poorer core stability than cheerleaders with
a mean age of 21 (36), similar to the current study’s collegiate
mean age. A low percentage of adolescent (7.9%) and collegiate
(2.3%) players was rated poorly on the alternative core stability
push-up test. When adjusted for age, poor scores in the alternative
core stability push-up test increased the odds of sustaining
a lower-extremity injury by 1.52. Therefore, although core sta-
bility does not seem to be a common issue with Gaelic players,
those who sustain a poor rating in the alternative core stability
push-up test are at an increased risk of sustaining a lower-
extremity injury.

The sensitivity of a model indicates its ability to accurately
identify those who are at risk of sustaining an injury (true positive
rate), whereas, in contrast, the specificity indicates the ability to
accurately identify those who are not at risk of sustaining an
injury (true negative rate) (49). For the whole-body injury and
lower-extremity injury models, the specificity was found to be
high (80.6 and 76.5%), but the sensitivity was low (40.2 and
44.2%, respectively). Thus, these 3 low-cost and easy-to-
implement visual assessment screening tests used in this study

Relationship between overhead squat segmental criteria and the
overall impression rating for the alternative core stability push-up
test.

Alternative core stability push-up

Overhead squat p r
Knee to toe <0.0001* -0.14 Weak
Knee valgus <0.0001* -0.21 Weak
Toe-out 0.002* -0.13 Weak
Depth 0.74 —0.01 Weak
Trunk flexion 0.28 —0.04 Weak
Balance <0.0001* -0.22 Weak

*indicates p < 0.05.
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may have a role as a preliminary screening method to identify
those who are not at a high risk of sustaining injury (i.e., those
who are not identified as at risk), with others referred on for
a more detailed and comprehensive screening assessment.

To improve the sensitivity of the overhead squat and SLS, fu-
ture research could consider adapting them in a number of ways
including increasing the speed of the tests, incorporating addi-
tional loading (5), completing the screening tests when fatigued,
or the addition of reactionary sport-specific element such as
catching a ball when completing the SLS. Adapting screening tests
can potentially highlight individuals with movement issues (5), as
observed by Frost et al. in firefighters performing a squat with
greater load and speed (23).

A secondary aim of our study was to report the normative data
for this population. Normative data are important because these
provide a standardized reference of results, allowing for strength
and conditioning coaches and clinicians to compare their results
with a comparable population (19). Players predominantly re-
ceived a good rating for the overall impression of the overhead
squat; however, just over half and a third of collegiate and ado-
lescent players, respectively, performed poorly in the SLS.
Schneider et al. (53) published normative data for the overhead
squat assessed using the FMS grading system and found a lower
percentage of young active men received a poor rating (15%) than
those in the current study (34.3%). In addition, both Schneiders
etal. (53) (61%) and Agresta et al. (1) (78.3%) reported a higher
percentage of male runners receiving an average score than those
in this study (46.4%). This may reflect lower muscular strength
and neuromuscular control. Alternatively, the inclusion of seg-
mental criteria scoring in the current study may have led the tester
to more critically appraise the overall squatting technique than
other strategies that require a summative score only.

A third aim of the study was to examine the relationship
between all 3 screening tests to determine whether all 3 are re-
quired to be used during a preseason screening. Although a sig-
nificant relationship was noted between all 3 of the tests, the
relationship between the overhead squat and SLS was only
moderate, and the relationships between the alternative core
stability push-up test and the overhead squat and SLS were
weak. The weak correlation between the alternative core sta-
bility push-up test and the SLS is surprising, as previous research
has found significant relationships between other isometric core
endurance tests and the SLS in healthy adults (48). Thus, either
core stability does not impact lower limb function substantially
in the SLS. Alternatively, it may suggest the alternative core
stability push-up test is not a valid measure of core stability.
Further research on the validity of the alternative core stability
push-up test is required. All 3 tests contributed to the lower-
extremity injury prediction model. Thus, these 3 screening tests
in general examine different elements of movement functioning,
and substituting 1 test for another would not be of benefit.
However, their usefulness is primarily as a preliminary screening
method. Future research should consider examining other
screening tests with higher sensitivity.

Squat depth exhibited the strongest correlation with the
overall impression score for the overhead squat, and a moderate
correlation was noted for the SLS. This is similar to Weeks et al.
(60), whereby peak knee flexion was the strongest predictor of
SLS performance, which explained 33-36% of the overall per-
formance rating. These findings highlight the importance of
ensuring adequate mobility of the hip and knee joint to facilitate
full range of motion and squat depth. In addition, poor balance
was found to be correlated with a poorer overall impression
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score in the SLS, indicating that improving balance may be re-
lated to enhancing SLS performance. None of the segmental
criteria of the overhead squat and SLS were significantly cor-
related with the alternative core stability push-up test, except for
toe-out; however, only a weak relationship was noted. This
finding, combined with the weak overall relationship between
the overhead squat, SLS, and the alternative core stability push-
up test, indicates that although weak core stability has been
purported as a potential reason for poor performance in
squatting technique (18), it may at best have a small role in the
performance of the overhead squat and SLS. Instead, strength
and conditioning coaches and clinicians should focus on im-
proving gluteal, quadriceps, and hamstring strength, mobility,
and balance because they may have a greater influence on
squatting technique.

This study examined the predictive ability of these screening

tests in male Gaelic players only; therefore, the generalizability of
these findings to female players or other sports should be com-
pleted with caution.

Practical Applications

The overhead squat, SLS, and alternative core stability push-
up tests described in this study are simple, time efficient, and
functional visual measures of squatting technique and core
stability that are easy to implement by strength and condi-
tioning coaches and clinicians. The combined overall im-
pression and segmental criteria scoring system can be used as
a screening tool. However, it should only be used as a pre-
liminary screening method, and those identified as potentially
at risk of injury should undertake a more comprehensive and
detailed assessment.
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