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Abstract

Introduction: The Deep Squat Test has been applied in pre-season evaluations of sports teams and in 
military courses to predict the risk of musculoskeletal injuries. Objective: To evaluate the association of DS 
performance and the risk of musculoskeletal injuries. Methods: In this systematic review, a search without 
language or time filters was carried out in MEDLINE, SciELO, SCOPUS, SPORTDiscuss, CINAHL and BVS 
databases with the following title words: injury prediction, injury risk and deep squat in December 2016. 
Participants' profile, sample size, classification of musculoskeletal injuries, follow-up time, study design and 
results were extracted from the studies. Bias risk analysis was performed with the Newcastle-Ottawa Scale. 
Results: Five studies were included, using different analyzes, whose results varied. Odds ratio ranged from 
1.21 to 2.59 (95% CI = 1.01 - 3.28); relative risk was 1.68 (95% CI = 1.50 - 1.87), sensitivity from 3 to 24%, 
specificity from 90 to 99%, PPV from 42 to 63%, NPV from 72 to 75% and AUC from 51 to 58%. Conclusion: 
The DS can be a test whose presence of movement dysfunctions is a predictor of the risk of musculoskeletal 
injuries in individuals who practice physical exercises. However, due to the methodological limitations 
presented, caution is suggested when interpreting such results. PROSPERO registration: CRD4201706922.
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Resumo

Introdução: O Teste de Agachamento Profundo (TAP) tem sido utilizado em avaliações pré-temporada de equipes 
esportivas e em cursos militares para classificar o risco de lesões musculoesqueléticas. Objetivo: Avaliar a associação 
do desempenho no TAP e o risco de lesões musculoesqueléticas. Métodos: Nesta revisão sistemática, uma pesquisa 
sem filtros de linguagem ou de tempo foi realizada nas bases de dados MEDLINE, SciELO, SCOPUS, SPORTDdiscuss, 
CINAHL e BVS com as seguintes palavras-título: predição de lesões, risco de lesão e agachamento profundo em 
dezembro de 2016. Perfil dos participantes, tamanho da amostra, classificação das lesões musculoesqueléticas, 
tempo de seguimento, desenho do estudo e os resultados foram extraídos dos estudos. A análise do risco de viés foi 
realizada com a Escala Newcastle-Ottawa. Resultados: Foram incluídos cinco estudos, utilizando diferentes análises, 
cujos resultados variaram. O odds ratio variou de 1,21 a 2,59 (IC 95% = 1,01-3,28); O risco relativo foi de 1,68 
(IC 95% = 1,50 – 1,87), sensibilidade de 3 a 24%, especificidade de 90 a 99%, VPP de 42 a 63%, VPN de 72 a 75% e 
AUC de 51 a 58%. Conclusão: O TAP pode ser um teste cuja presença de disfunções de movimento é um preditor do 
risco de lesões musculoesqueléticas em indivíduos que praticam exercícios físicos. No entanto, devido às limitações 
metodológicas apresentadas, sugere-se cautela ao interpretar esses resultados. Registro PROSPERO: CRD4201706922.

Palavras-chave: Movimento. Lesões Atléticas. Triagem.

Introduction

Deep Squat Test (DS) is one of tests of the Functional 
Movement Screen™ (FMS™) [1] and Dynamic Movement 
Assessment™ (DMA™) [2], tools to classify the risk of 
musculoskeletal injuries. DS has been applied in pre-
season evaluations of sports teams [3 - 5] and in military 
courses [6]. It is considered the test that predict the risk 
score at FMS™ [3]. At the same time, DS is an exercise to 
increase muscular strength, stability, trunk control and 
sports performance in several modalities, as it allows 
the recruitment of various muscle groups in a single 
repetition [7]. It is a low-cost, and easy-to-perform test 
in various places.

During the DS, squatting is performed with 
angles greater than 90 degrees of hip flexion. The 
performance in DS is influenced by several factors, 
such as the mobility of the lumbar spine, hip, knee and 
ankle joints, as well as the movement pattern [2, 8 ,9]. 

The parameters that can be evaluated in DS are 
the presence of lateral deviation of the pelvis, range of 
motion, excessive trunk flexion, elevation of the heels in 
relation to the ground, hip adduction and equilibrium 
losses [2, 7, 10]. Lateral deviation of the pelvis is 
considered the most serious deviation, as it promotes 
imbalance of strength and flexibility between the sides, 
and may result from a limitation of the range of motion, 
proprioception deficit, pain, quadriceps strength or 
motor control [11, 12]. Limitation of movement in DS 
may be due to pain or reduced mobility of the hip, 

knee, lumbar spine, or ankle [2, 13 - 15]. The increase 
in trunk flexion promotes a change in loads on the 
lumbar spine, overloading it, as well as impacting 
on strength and muscle power of trunk and lower 
limbs related to training [7, 9]. Elevation of the heel 
from the ground can reduce the range of motion 
during squatting as a consequence of the lack of 
extensibility of the plantiflexers or of a foot or ankle 
hypomobility [9, 16]. Hip adduction and / or internal 
rotation of femur negatively impacts the generation 
of strength and muscular power in athletes, and is 
visualized when the medial side of the patella on one or 
both sides move medially due to lack of core stability, 
proprioceptive deficit and strength of hip abductors 
and ankle hypomobility [9, 16]. The loss of balance 
when performing DS may be associated with poor core 
stability, and an important joint limitation [11, 12, 17].

Studies evaluated the association of FMS™ risk score 
in the development of musculoskeletal injuries [18, 19], 
however, the isolated effect of the DS is uncertain, since 
there are no revisions on the subject. Therefore, the 
objective of this systematic review was to evaluate if 
there is association of the DS with musculoskeletal 
injuries in individuals who practice physical exercises.

Method

This systematic review was drafted based on the 
PRISMA [20] and Leeflang [21] recommendations 
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and registered in the International prospective 
register of systematic reviews with the number 
CRD4201706922. 

Inclusion criteria

Were included prospective studies of DS as a 
risk classification test for musculoskeletal injuries 
during the practice of physical exercises, with full 
text available, and DS may have been performed as an 
integral part of assessment methods, since it has been 
performed an isolated analysis of their performance 
with injuries risk, and without language filter.

Search strategy

A search was made in December 2016 in the 
databases National Library of Medicine (MEDLINE), 
Scientific Electronic Library Online (SciELO), SCOPUS, 
SPORTDiscuss, The Cumulative Index to Nursing and 
Allied Health Literature (CINAHL) and Virtual Health 
Library (BVS). The following keywords were used as 
descriptors of the Medical Subject Headings (MeSH): 
injury prediction, injury risk and deep squat. The 
search phrase was obtained using the logic operators 
AND (between the descriptors) and OR (between 
the synonyms). There was no language filter or 
delimitation of a period for the search.

Data collection process

The following data were extracted from the selected 
studies: the profile of the participants, sample size, 
definition of musculoskeletal injuries, follow-up time, 
study design and results presented according to the study 
design used, with their respective levels of significance.

Bias risk analysis

For bias risk analysis, stars were awarded to the 
items of the Newcastle-Ottawa quality assessment scale 
at study level [22, 23], that consists of three domains: 
1) selection (representativeness of the exposed cohort, 
selection of the unexposed cohort, ascertainment of 
exposure, demonstration that outcome of interest 
was not present at start of study); 2) comparability of 

the cohorts on the basis of design or analysis (pairing 
of main variables and other confounding variables); 
and 3) outcome (assessment of outcome, follow-up 
time to the outcome occurs, adequacy of follow-up 
of cohort). For each criterion served in the domains, 
a star is provided. Studies with a total of five stars 
or more are classified with “low risk” of bias. If the 
study does not receive any star in the “comparability” 
domain, the study will be classified as "uncertain risk". 
Studies with four stars or less have a “high risk” of bias. 

Results

The total number of studies per database, the 
recovery flow of the studies that analyzed the association 
of DS with the risk of musculoskeletal injuries and the 
reasons for excluding studies are shown in Figure 1. Five 
studies [24 - 28] evaluated the association of DS with 
the risk of musculoskeletal injuries. Characteristics of 
the included studies are in the Table 1 and the results of 
the statistical analysis of the studies are in Table 2. The 
bias risk analysis performed in the five studies selected 
from DS are in the Table 3.

Records identified through 
database searching (n = 116):

MEDLINE (n = 24)
SciELO (n = 1)
BVS (n = 58)

SPORTDiscuss (n = 19)
SCOPUS (n = 13)
CINAHL (n = 1)

Available studies
(n = 116)

Duplicated
(n = 26)

Full-text excluded (n = 85), 
with reasons:

•  Cross-sectional studies;
•  Reliability studies;
•  Interventional studies;
•  There was no analysis 

of the score versus the 
occurrence of lesions;

•  Normality studies.

Full-text assessed for 
elegibility
(n = 90)

Studies included in 
systematic review

(n = 5)
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Figure 1 - Flow diagram of the included studies.
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Table 1 - Characteristics of the studies included.

Study Sample characteristics Injury definition Follow-up time

Butler et al., 2013 [25] n = 108 firefighter students
Age = NR

More than 3 days away from functions due to 
musculoskeletal pain

4 months

Bushman et al., 2015 [26] n = 2476 soldiers
Age = 18 -57 years old

Simple record of traumatic and non-traumatic injuries 6 months

Hotta et al., 2015 [27] n = 84 male runners.
Age = 18 – 24 years old

Two prerequisites were used: (1) The injury occurred as a 
result of participating in race or training events (traumatic 
injuries were excluded); (2) the injury was severe enough 
to prevent athletic activities for at least 4 weeks

6 months

Zalai et al., 2015 [28] n = 20 football players
Age = 23 ± 1 years old

Injury that caused the athlete to be separated from his / her 
activities, according to the criterion: minimum (1-7 days); 
Moderate (8-28 days) and severe (> 28 days), according 
to Hägglund et al., (2005) [30].

6 months

Tee et al., 2016 [29] n = 62 rugby players
Age = NR

Considered only the serious injuries (time loss greater than 
28 days), which were subdivided into contact injuries, 
non-contact injuries, or any injury (Fuller et al., 2006) [31].

6 months

Note: NR = Not reported; n = sample size.

Table 2 -  Statistical Analysis of the included studies.

Statistical analysis Author Results

Odds ratios Butler et al., 2013 [25]
Bushman et al., 2015 [24]

OR: 1.21 (CI 95% = 1.01-1.42)
OR = 2.59 (CI 95% = 2.05-3.28); P < 0.01

Diagnostic accuracy Bushman et al., 2015 [24] s = 3-24%;
e = 90-99%
PPV = 57 (42-63%); NPV= 66 (72-75%); AUC = 51-58%

Relative risk Bushman et al., 2015 [24] RR* = 1.68 (CI 95% = 1.50 – 1.87);

Mann-Whitney Test. Hotta et al., 2015 [26] IG: 1.8 ± 0.7;
NIG: 1.3 ± 0.7 com P < 0.01

Pearson’s correlate coefficient. Zalai et al., 2015 [28] Statistical power = 0.56;
IG = 1.67 ± 0.51; NIG = 2.21 ± 0.42;
P < 0.05. 

ES (Cohen) Tee et al., 2016 [30] ES = 0.60 (IG versus NIG);
ES (TI) = 1.04 (large)
ES (NTI) = 0.20 (small)

Note: NR = Not reported; OR = Odds Ratios; CI 95% = confidence interval to 95%; s = sensitivity; e = specificity; PPV = positive predictive 

value; NPV = negative predictive value; AUC = area under the curve “receiver operator characteristic”; IG = injured group; NIG = non-injured 

group; TI = traumatic injuries; NTI = non-traumatic injuries; ES = effect size; RR = relative risk; * = RR not available, but calculated in the 

present review by Table 2 x 2 of the study.

Table 3 - Risk of bias (NOS Cohort)

Authors Domains Results
Selection Comparability Outcome Score Risk

Butler et al., 2013 [25] **** - ** ****** Uncertain
Bushman et al., 2015 [24] *** ** * ****** Low
Hotta et al., 2015 [26] *** - * **** High
Zalai et al., 2015 [28] *** - * **** High
Tee et al., 2016 [30] *** - * **** High

Note: Domains of Newcastle-Ottawa Scale (NOS) [22, 23]: Selection (representativeness of the exposed cohort; selection of the non-exposed 

cohort; ascertainment of exposure and demonstration that outcome of interest was not present at start of study); Comparability (principal 

factor and any additional factor); and Outcome (assessment of outcome; if the follow-up was long enough for outcomes to outcome occurs; 

and adequacy of follow-up of cohorts).
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Discussion

Of the five selected studies, one utilized indicators 
of diagnostic accuracy (24). According to Bushman 
et al [24]., DS has low sensitivity (3 - 24%), high 
specificity (90 - 99%), PPV = 42-63%; NPV = 72-75% 
and AUC = 51-58, indicating that the level of accuracy 
of the test is discreetly above chance [32]. On the 
other hand, Tee et al. [27] concluded that the effect 
size (ES) when performing DS as a predictor of 
non-contact injuries was small (ES = 0.20), mean for 
all injuries (ES = 0.6) and large for contact injuries 
(ES = 1.04) [33]. The divergence among the results 
of such studies is possibly due to the use of different 
samples and the analysis of indicators of diagnostic 
accuracy [34, 35]. Moreover, effect size may not have 
been the most indicated analysis for the risk of injury 
associated with a low DS score [33, 36]. 

Due to the prospective nature, the most 
appropriate for the studies would be to analyze the 
results by relative risk (RR). In this way, it would be 
possible to relate the incidence of injury between 
the injured and non-injured groups [37]. None of 
the authors performed the RR calculation. Only 
the study by Bushman et al., [24] provided a 2 x 2 
table, which made it possible to calculate the RR 
in the present review, whose value was 1.68 (95% 
CI = 1.50 - 1.87). This result is significant, since the 
lower limit of the confidence interval is 0.50 over 
chance and increases the risk of injury by 0.68, 
respectively, showing an association of the low DS 
score with the risk of injury. The studies of Butler 
et al. [25], Hotta et al. [26], Zalai et al. [28], and Tee 
et al. [27] utilized comparisons of means between 
the groups and odds ratio in their analyzes, which 
were inadequate for the adopted cohort design. For 
this reason, these studies contributed little to the 
conclusion of this review.

Classification of injuries in studies of prediction of 
musculoskeletal injuries is one of the main challenges 
of the authors. According with Hägglund et al. [29], 
an injury is defined when three criteria are met: 
(1) the injury affects the musculoskeletal system 
in a traumatic or overuse way, being diagnosed 
by a medical professional; (2) arises from athletic 
participation; and (3) time loss his or her sporting 
tasks for at least 24 hours. In the present review, 
it is verified that only one study meets the three 
criteria [28], being the classification divergent and 
incomparable among the authors. The follow-up time 

should be long enough to allow observation of the 
injuries, and was similar among the authors, ranging 
from four to six months.

The bias risk analysis showed that, in relation 
to the “selection” domain, the studies presented at 
least three stars of four possible. Only one study 
scored in the “comparability” domain between 
the groups exposed and not exposed to the risk 
factor [24]. The worst bias scores occurred in the 
“outcome” domain (Table 3). None of the studies 
specified whether blinding occurred between DS 
execution by the participants and the incidence of 
injury in both groups afterwards. Moreover, there is 
not a description of attrition rate and reasons. The 
studies of Bushman et al. [24] and Butler et al. [25] 
showed the lowest risk of bias, with a score of six 
stars. However, the study of Butler et al. [25] did not 
report the existence of pairing. Consequently, was 
attributed an uncertain risk of bias for this study. 
Blinding and pairing of potential confounders (age, 
gender, and other risk factors) could minimize such 
risks of bias [22, 38].

A major limitation of this review is the limited 
amount of studies included. However, the search 
was as the most comprehensive as possible, but 
there is a limited number of published articles on 
this subject, although DS is a widely-practiced test 
in sports practice. At the same time, despite the 
five studies included, the conclusion of this review 
was based only on one study, that of Bushman 
et al. [24], because it was the only one that analyzed 
the relative risk, an appropriate measure of effect 
to associate the presence of a factor with the 
incidence of an injury. 

As a strong point, this was the first review that 
evaluated DS's ability as a predictor of injury. The 
use of a specific bias risk assessment scale for cohort 
studies has enabled the development of suggestions 
for future DS cohort studies or other functional 
tests as predictive tests of injuries. Finally, the most 
appropriate analysis was identified for cohort studies 
that sought to associate functional tests with the risk 
of injury: relative risk [38 - 40].

Probably, the presence of movement dysfunctions 
in the DS is a predictor of the musculoskeletal injuries 
in individuals who practice physical exercises. This 
initial conclusion is based on a single study, the 
study by Bushman et al. [24], which presented the 
fewer risk of bias and assessed the relative risk, an 
appropriate measure of effect for cohort studies. 
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Due to its easy implementation and low cost, DS 
can be used in conjunction with other assessment 
methods, especially in sports pre-seasons. Considering 
this and the methodological limitations presented in 
this review, it is suggested to carry out cohort studies 
with more representative samples, matching sex, age 
and other confounding variables and with blinding 
between the stages of motor dysfunction evaluation 
with DS and the diagnosis of injury.
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