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Abstract

Background: The lumbopelvic-hip complex, also referred to as the “core”, is composed of every muscle between the
knees and sternum. The back squat (BS) and front squat (FS) are both staple exercises that challenge the core in
different ways. Possessing a properly balanced squat ratio (SR = 1-RM FS/1-RM BS; 1-RM = one-repetition maximum)
could lead to a more stable core. Objective: This study attempted to determine if there was a meaningful relationship
between the SR and core strength (CS) in resistance-trained males. If a strong relation exists between the SR and CS,
strength and conditioning professionals would have a readily available assessment tool for examining CS by simply
viewing the SR. Method: Twenty-one resistance-trained males (age = 28.3 + 6.2 years; body mass = 93.1 + 13.1 kg;
height = 181.9 + 7.6 cm; weight training experience with FS & BS = 6.4 + 3.7 years) performed CS tests (flexor
endurance, extensor endurance, prone bridge, left side-bridge, and right side-bridge), along with a 1-RM in the BS and
FS. An aggregate of the CS test times (CSA) was also calculated for comparison with the SR. A Pearson product-
moment correlation coefficient (r) was used to compare the SR with the CS tests and the CSA. Results: The CS test
results were as follows (secs): flexor endurance 228.2+93.0, extensor endurance 137.0+28.2, prone bridge 166.7+51.3,
left side-bridge 97.36+31.0, right side-bridge 100.2+28.3, and CSA 729.8+165.4. The 1-RM BS, 1-RM FS, and SR
were: 157.5£29.7 kgs, 132.2+24.3 kgs, and 0.84+0.06 respectively. A moderate correlation was found between total
CSA and the SR (r = 0.50, CD? = 0.25, p<0.05). In addition, a moderate correlation was found between the prone
bridge test and the SR (r = 0.49, CD?= 0.24, p<0.05). A very strong positive correlation was also found between 1-RM
BS and 1-RM FS (r = 0.93, CD?= 0.86, p<0.05). Conclusions: The results of this study suggest that the CSA and prone
bridge test are moderately related to the SR. However, the low coefficient of determination between the SR and CS
times suggests that the SR is not a suitable estimate of CS. The very strong relationship between the 1-RM FS and 1-
RM BS provides strong evidence for the interchangeable use of these modalities within a resistance training protocol.
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1. Introduction

The back squat (BS) and front squat (FS) are primary, multi-joint exercises key to the development of muscular strength,
power, and athletic performance. Both variations strengthen muscles around the knees and hips, and enhance the
balance and stability of the core (Comfort et al., 2011; Contreras et al., 2016) by eliciting isometric contractions of the
core muscles to keep the torso upright and provide a neutral spine during performance (Hamlyn et al., 2007). The core
muscles of the body used when squatting are essentially every muscle between the knees and sternum; these muscles
are often referred to as the lumbopelvic-hip complex, which include the diaphragm, latissimus dorsi, the abdominal wall
(i.e., rectus abdominis, transversus abdominis, external obliques, and internal obliques), the pelvic floor (i.e., piriformis,
levator ani, and coccygeus), the paraspinals (i.e., erector spinae, multifidus, rotatores, and seminspinals), the hip girdle
(i.e., hamstrings, rectus femoris, gluteus maximus, gluteus medius, gluteus minimus, psoas major and minor), and the
quadratus lumborum (Huxel-Bliven & Anderson, 2013; Kibler et al., 2006). In order for an individual to perform either
squat variation optimally, they must possess the proper core stability (CS) needed to maintain lumbar stability
throughout the descent and ascent phase. When athletes perform the squat and do not maintain a neutral or slightly
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extended spinal position, an increase of shear and compressive forces could force the spine to buckle (DeBeliso et al.,
2013; Walsh et al., 2007), potentially causing serious injuries. There is limited research comparing the
electromyography (EMG) activity between the FS and BS; however, in relation to the core musculature, studies do
demonstrate significant differences between the two squat variations. Yavuz et al., 2015 showed that knee extensors (i.e.,
vastus medialis and vastus lateralis) EMG activity is higher in the FS, while hamstring (i.e., semitendinosus) EMG
activity is higher in the BS. The BS also places a greater amount of net compressive forces on the knee as opposed to
the FS (Gullet et al., 2009) and the BS generates more force from the hips, while the FS produces a greater amount of
force from the knees (Braidot et al., 2007). Regarding trunk activity while squatting with 70% of 1-RM, Raizanda &
Bagchi (2015) found a slightly higher activation of the paraspinal muscles in the FS than in the BS; and Comfort et al.
(2011) found that the FS challenges the erector spinae muscles to a slightly greater extent than the BS does, however no
significant difference was found in rectus abdominis EMG activity between the squat variations. From a practical
standpoint, these subtle differences highlight the importance of including variation in a given exercise in order to
optimize overall adaptation of specific muscle groups that function together such as the core. Considering that the
primary role of the core in daily life is to maintain postural stability over a period of time, several researchers suggest
that isometric core endurance tests should be used to test CS (Cowley & Swensen, 2008; Wilson et al., 2005; McGill et
al., 1999). While meaningful, this test battery requires additional time and expertise over the commonly performed 1-
RM squat test, and may not be as specific to the acute, explosive nature of many athletic events, whereas the squat is
related to the athletic performance variables of vertical jumping and sprint speed (Wislgff, et al., 2004). If a strong
association exists between the squat ratio-SR (1-RM FS/1-RM BS) and CS, strength and conditioning professionals
would have a readily available assessment tool for examining core strength by simply viewing the SR, saving the time
necessary to assess CS with traditional endurance-based tests. To our knowledge, there has been no research conducted
examining the relationship between CS and BS and FS 1-RM. Therefore, the purpose of this study was to examine the
relationship between the SR and CS in males. It was hypothesized that participants CS scores will be strongly
correlated with their SR.

2. Methods
2.1 Experimental Approach to the Problem

Previous research suggests that the FS and BS are strongly correlated to one another (Comfort et al., 2011; Gullet et al.,

2009; Raizanda & Bagchi, 2015; Yavuz et al., 2015), although there is no previous research to suggest a relationship

between core stability (CS) and both squat variations (i.e., FS and BS). The current study attempted to analyze the

correlation between the squat ratio (1-RM FS/1-RM BS) and CS tests in resistance trained males to evaluate if an

individual’s squat ratio (SR) is associated CS test scores. To do so, a Pearson product-moment correlation coefficient (r)
was used for this study. Measurements of CS included (Figure 1): flexor endurance test, extensor endurance test, prone

bridge test, left side-bridge test, and right side-bridge test. Also, an aggregate CS score was calculated as the sum of all

of the CS measures in seconds (CSA). Both squat variations were also assessed (Figure 2): 1-RM BS and 1-RM FS.

2.2 Participants

Participants were 21 resistance-trained males (age = 28.3 + 6.2 years; body mass = 93.1 + 13.1 kg; height = 181.9 + 7.6
cm); with 6.4 £ 3.7 years of resistance training experience in the FS and BS. Inclusion criteria for subjects was > 18
years of age, have > one year of consistent resistance training experience using both the FS and BS, the ability to hold
the front rack position in a FS, and be injury/disability free that would prevent them from participating in the testing
protocols in a manner similar to that discussed by Shariat and colleagues (2015). Participants were volunteers from
Crossfit Luminary with no financial compensation provided. This study was approved by the Southern Utah University
Institutional Review Board and all participants gave written consent before data collection.

2.3 Procedures

Participants reported for a total of three testing sessions, separated by one week and each session lasted about 45-60
minutes in duration. All testing sessions were held at Crossfit Luminary in Grand Rapids, MI. During the first session,
age, height, mass, and the 1-RM BS were assessed. The second session (one week later) included the 1-RM FS, while
CS tests were completed during the third session (see Figure 3). Before testing each day, participants performed a
general dynamic warm-up for 5-10 minutes that included rowing and calisthenics (i.e. leg swings, bodyweight squats,
lunges, push-ups, etc.). Participants were encouraged to maintain their typical diet and refrain from working out 48
hours prior to each testing session. However diet and supplement usage (legal or illegal) could not be verifiably
controlled.
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Figure 3. Study time line overview of events (WU-warm-up; 1-RM-one repetition maximum; BS-back squat; FS-front
squat).
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2.3 Squat Ratio (SR) Measurements

The first two sessions were composed of the 1-RM for the FS and BS. To begin the first session, participants performed
a dynamic warm-up. After the dynamic warm-up, participants rested for 5 minutes then performed the BS 1-RM
protocol as recommended by the National Strength & Conditioning Association (NSCA) (Baechle & Earle, 2008, p.
396). Participants’ started by performing an attempt at 50% of a recent or projected 1-RM and the weight was increased
in increments of 10-20 kg until their 1-RM was achieved. The 1-RM measures were recorded within 5 sets. To maintain
validity, participant’s technique was monitored closely. For a successful 1-RM to be counted, the participant needed to
perform the squat with proper form by reaching parallel and maintaining a neutral spine. Test-retest reliability of
between 0.92 and 0.99 were reported for 1-RM BS (McBride et al. 2002; Sanborn et al. 2000). In addition, the
reliability of the squat has been reported as ICC=0.91-0.99 (McMaster et al., 2014; Seo et al., 2012). One week later in
session two, participants performed the dynamic warm-up as described above and then performed the same NSCA 1-
RM protocol for the FS (Baechle & Earle, 2008, p. 396). The only difference between the two tests is that the BS
required participants to position the barbell behind the neck on the posterior deltoids (high bar position); in comparison,
the FS had participants position the bar in front of the neck on the top of the clavicle with the shoulders pinning the bar
against the body (see Figure 2). All measurements were assessed by a NSCA certified strength and conditioning
specialist (CSCS). An Olympic style weight bar (20.45 kg) along with weighted plates was used to assess the 1-RM BS
and FS.

2.4 Core Stability Testing

During session three, the core test battery of McGill (McGill, 1998; McGill et al., 1999) was used to assess muscular
endurance of the torso stabilizer muscles. The following tests (i.e., left side-bridge, right side-bridge, extensor
endurance, prone bridge, and flexor endurance) were administered at random with each test being performed once. A
digital handheld stopwatch was used to assess the duration of time participants were able to maintain the isometric
positions. Participants were allowed up to 5 minutes of rest between each test. The reliability of the CS tests has been
reported: flexor endurance test (ICC=0.98), Biering-Sorensen isometric extensor test (ICC=0.93), and left and right-
bridge test (ICC=0.95) (Nesser et al., 2008). In addition, the prone bridge has shown to have a reliability of ICC=0.95
in healthy adults (Durall et al., 2012).

2.4.1 Extensor Endurance Test

This test was modified from the Biering-Sorensen test (McGill et al. 1999) by using a glute ham developer. The subject
lay prone on a glute ham developer with their feet anchored and the center of their hips directly over the pad. Arms
were crossed over the chest. The subject was instructed to achieve a position parallel to the testing surface and hold this
for as long as possible. Time was stopped when the subjects’ trunk sloped downward by more than 5-10 degrees.

2.4.2 Flexor Endurance Test

The subject leaned against a wedge at a 60-degree angle with their feet pinned down by a 20 kg (45 Ibs) weighted plate,
while the knees and hips were bent at 90 degrees. Arms were crossed over the chest. The wedge was then pulled back
10 cm and the subject had to maintain the position as long as possible. The position was considered not being
maintained when the subject touched the wedge again.

2.4.3 Prone Bridge Test

The subject started in the prone position the elbows in contact with the floor and supporting the torso. The elbows were
placed shoulder-width apart and the feet were close together but not in contact. The participant lifted the pelvis from the
floor leaving only the forearms and toes in contact with the floor. The upper torso was held isometrically in line with
the hips and ankles. Time was stopped once the subject lowered their hips more than 5-10 degrees.

2.4.4 Side-Bridge Test

The side-bridge was performed once on each side. The subject laid on their side with the feet arranged together in a
stacked fashion and then were directed to lift their hips upward and off the ground and try to achieve a straight line over
the length of the body. A straight line was determined by the tester. The subject supported themselves on the bottom
elbow and the feet. The unengaged arm was laid alongside of the body. Time was stopped when the subject broke the
straight line.

2.5 Statistical Analysis

A Pearson product-moment correlation coefficient (r) was used to evaluate relationships between the SR and the
following test variables: aggregate CS scores (CSA); flexor endurance; extensor endurance; prone bridge; left side-
bridge; and right side-bridge. Another Pearson correlation coefficient (r) was used between the 1-RM BS and the 1-RM
FS to determine the strength of the relationship. The SR was calculated by dividing the 1-RM FS by the 1-RM BS
results. Statistical significance was set at alpha < 0.05. Statistical analysis was conducted with Microsoft Excel software
(2015).

3. Results

Core test and the squat 1-RM scores are listed in Table 1. There was a moderate positive correlation between CSA test
times and the SR (r = 0.50: p<0.05). There was also a moderate positive correlations between the prone bridge test and
the SR (r = 0.49: p<0.05) as well as the left bridge test and the SR (r = 0.41: p<0.05). However, no other correlations
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were significant. The SR and CS correlations are given in Table 2. Also noteworthy, there was a very strong positive
correlation between the 1-RM BS and 1-RM FS (r = 0.93: p<0.05).

Table 1. Core and performance variables (mean = SD)

1-RM BS (kg) 1575 , 29.7
1-RM FS (kg) 132.2 , 243
1-RM BS/BM 1.7 , 03

1-RM FS/BM 14,03

Squat ratio 0.84 , 0.06
Flexor endurance test (secs) 228.2 ; 93.0
Extensor endurance test (secs) 137.0 ; 28.2
Prone bridge test (secs) 166.7 ; 51.3
Left side-bridge test (secs) 97.6 ; 31.0
Right side-bridge test (secs) 100.2 ; 28.3
CSA (secs) 729.8 , 165.4

1-RM: one-repetition maximum, BS: back squat, FS: front squat, BM: body mass, CSA: aégregate
of CS scores

Table 2. Squat ratio and core stability test correlations (r)

Core Stability Test Squat Ratio
CSA 0.50%
Flexor endurance test 0.32
Extensor endurance test 0.17
Prone bridge test 0.49=
Left side-bridge test 0.41*
Right side-bridge test 0.35

xSignificant (p<0.05)

4. Discussion

This study examined the relationship between the SR (i.e., 1-RM FS/1-RM BS) and CS in resistance-trained males. The
study was attempting to provide a CS assessment tool for strength and conditioning coaches by simply comparing an
individual’s 1-RM FS to their 1-RM BS. We hypothesized that a participant’s total of CS scores or an aggregate CS
score (CSA) would strongly correlate with their SR. Results of the study indicate a moderate positive relationship
between CSA and the SR. Correlations between the CS measures (flexor endurance test, extensor endurance test, left
side-bridge test, right side-bridge test) and SR ranged from 0.17-0.41. The left side-bridge test and the right side-bridge
test correlations to the SR were 0.41 and 0.35 respectively. The right side bride test correlation was slightly lower and
we suspect this is due to general right arm dominance that may allow for a slightly stronger stabilization of the trunk
during the test as opposed to the non-dominant arm. The right side bride test scores (100.2+28.3 secs) were slightly
higher than the left side bride test scores (97.6+31.0 secs), although not significantly different (p=0.25). With that said,
the correlations for the flexor endurance test, extensor endurance test, left side-bridge test, right side-bridge test and SR
were so low that individually they provide little evidence supporting the notion of a meaningful relationship between
CS and the SR. The prone bridge was the only individual CS measure to meaningful correlate with the SR (r = 0.49).
The prone bridge was added to the CS test battery to further assess the extensor contribution of the pelvis and hips
beyond what the extensor endurance test does. The prone bridge primarily assesses muscles such as the rectus
abdominis, erector spinae, external oblique, and gluteus medius (Huxel-Bliven & Anderson, 2013). It could also be
argued that the prone bridge uses scapula stabilizing muscles that help retract and protract the scapula (Paine & Voight,
2013). These scapula stabilizing muscles are very important when performing the FS, thereby helping participants lift
more weight as compared to their BS. In this case, the strength of the musculature that contributes to a greater prone
bridge time may likewise contribute to a greater SR. With that said, the other CS tests (flexor endurance test, extensor
endurance test, left side-bridge test, right side-bridge test) were still of value from a collective stand point, as the CSA
was moderately correlated to the SR. The moderate relationship between the SR and the CSA suggests that having
longer CSA test time is related to having a higher SR. Conversely, a high SR is related to a greater score as assessed by
the CSA. Hypothetically, focusing on the strengthening of the core musculature could lead to an improved SR.
However, the effort of targeting core musculature would likely be only marginally effective at improving the SR.
Specifically, as previously stated the correlation between the CSA and the SR was r=0.50 with a coefficient of
determination (CD=r?) CD=0.25 which would indicate that 25% of the CSA and SR come from common factors (Safrit
and Wood, 1995). To that end, a previous study by Tse et al. (2005) focused on performing targeted core training
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exercises in collegiate rowers. Results demonstrated an improvement in the participant’s McGill CS tests scores,
however there was no significant improvement in any of the performance variables tested (vertical and standing long
jump, 40-m sprint, shuttle run, medicine ball toss, and rowing ergometer test). Conversely, a study by Sadeghi and
colleagues (2013) focused on strengthening the core musculature in order to improve dynamic balance as measured by
the Star excursion balance test. The results of their study demonstrated that focused core stabilization-training could
improve dynamic balance of experienced college aged male volleyball players. Generally speaking the findings of the
current study are consistent with two previous research studies by Nesser and colleagues (Nesser et al. 2008; Nesser and
Lee, 2009). The initial study used the McGill CS tests (McGill et al. 1999) to examine the relationship between CS and
performance variables in NCAA Division | North American football players. Similar to the current study, correlations
ranged from weak to moderate. The follow up study by Nesser and Lee (2009) examined the relationship between CS
and performance variables in NCAA Division | female soccer players and had similar findings. Results demonstrated no
significant relationship between CS and any of the performance variables assessed (i.e., sprints, shuttle run,
countermovement jump, BS and bench press). Based on the results of their two studies Nesser and colleagues suggest
that the lack of meaningful correlations between the performance variables and CS was likely due to the tests being
used to measure CS were not specific to athletic performance and strength, and/or CS does not play an integral role in
athletic performance (Nesser et al. 2008; Nesser and Lee, 2009). We agree with the conclusions reached by Nesser and
colleagues regarding the weak-moderate correlations between CS and performance measures, however our study
focused on a performance ratio (SR) that we felt may be indicative of CS. The notion that the CS tests used in the
current study as well as the Nesser and colleagues studies were not specific enough to the performance variables
assessed was demonstrated by Nikolenko et al. (2011) in an attempt to determine the association between measures of
sports performance and core power. They demonstrated a significant, but moderate correlation (r = 0.65) between the 1-
RM BS and one of the dynamic core power tests used (i.e., front abdominal power throw). In the current study the CS
tests were isometric muscular endurance based tests that ranged on average from 97.6-228.2 secs depending on the CS
test. Whereas, the front abdominal throw test used in the Nikolenko study was a muscular power output test that
required a very high force output over a brief short muscular exertion period (muscular power). Hence, the differing
tests to assess CS in the current study and the Nikolenko study recruited different muscle fiber types and energy
systems. The 1-RM BS and 1-RM FS scores in the current study were 157.5 + 29.7 kg and 132.2 + 24.3 kg respectively.
When normalized to body mass the 1-RM BS/body mass and 1-RM FS/body mass scores were 1.7 £ 0.3 and 1.4 £ 0.3
respectively. There was a very strong positive correlation between the 1-RM FS & 1-RM BS (r = 0.93: p<0.05).
Previous research has also documented the strong relationship between the 1-RM FS & 1-RM BS (Comfort et al., 2011;
Gullet et al., 2009; Raizanda & Bagchi, 2015; Yavuz et al., 2015). In the current study, the coefficient of determination
between the 1-RM FS & 1-RM BS was (CD=r?) CD=0.86 which would indicate that 86% of the 1-RM FS & 1-RM BS
come from common factors (Safrit and Wood, 1995). This relation seems to validate the use of either the FS or BS as a
measurement to test or train strength of the lower body. The mean SR in the current study was 0.84+0.1 indicating that
the 1-RM FS was 84% of the 1-RM BS. Similar results have been documented in a previous research by Yavuz et al.
(2015) in a sample of healthy male adults. The mean 1-RM BS and 1-RM FS were 109.2 + 25.5 kg and 85.0 + 15.7 kg
respectively. Hence the SR was 0.78 indicating that the 1-RM FS was 78% of the 1-RM BS. The slightly lower SR in
the Yavuz et al. (2015) study could be due to the sample population used in their study that appeared to have less
resistance training experience then the participants in the current study. As with any research of human performance,
there are multiple limitations associated with this study. First, participants may not have been at maximal strength on
days of testing; therefore, 1-RM squat variation amounts may differ depending on the state of fatigue, albeit we
attempted to control that extraneous variable with clear instructions on rest. Second, participant’s resistance training
experience using the FS and BS ranged from 1-15 years with an age range 19-42 years old. As such, some participants
had far more resistance training experience than others and could have performed each squat variation with better
technique (e.g., greater/lesser trunk inclination, lower squat depth, optimal front rack position). Likewise, some athletes
may have had different experience with training the core musculature and history with the BS as compared to the FS
potentially impacting the mean score for the SR and CSA. Third, this study used McGill’s CS tests with a few slight
modifications (i.e., a prone bridge was added and a glute ham developer was used for the extensor endurance test).
Fourth, the McGill CS tests and the prone bridge were developed to assess endurance of the core musculature when
performing an extended isometric muscle contraction. However, these tests may not reflect how core muscles function
under maximal loads when performing dynamic movements (i.e., 1-RM FS and 1-RM BS). The 1-RM squat variations
required fast-twitch muscle fibers to contract with a maximum force production, while the CS tests were considered to
be focused more on slow-twitch muscle fibers and submaximal contractions (Nesser et al., 2008). In addition, time to
exhaustion in the CS endurance tests may be confounded by mental fatigue as opposed to just muscular endurance
(Wilson et al., 2005).

5. Practical Applications

To our knowledge this is the first study to determine if there is a meaningful relationship between the SR and CS. This
study found that there are moderate correlations between some of the CS test times (including the CSA) and the SR.
Hence, the SR cannot be assumed to be a meaningful measure of CS. When attempting to assess an individual’s CS, a
battery of core strength tests should still be used as recommended by McGill (1999). Based on the results of this study,
and in agreement with Nesser et al. (2009), we do not recommend that a strength and conditioning coach places
inordinate training time on targeting the core musculature with the hopes of improving performance; and knowing that
the FS and BS challenge the core musculature in a functional manner, it may not be necessary to designate specific
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additional training time and exercises for the development of the core musculature. A very strong correlation was found
in the current study between the 1-RM FS and 1-RM BS. Our results support the notion that FS’s and BS’s are
reasonably interchangeable modalities for the strength and conditioning coach to implement when the goal is to
strengthen the lower body. Previous research also demonstrates that performing both squat variations will provide a
sufficient stimulus to the core muscles (Comfort et al., 2011; Hamlyn et al., 2007; Yavuz et al., 2015). The FS has
shown to decrease trunk inclination, which places the body in a more upright posture. In addition, the FS has proved to
be equally effective as the BS in regards to muscle activity, with a significantly lower amount of compressive forces
placed on the low back and knee (Yavuz et al., 2015). If athletes suffer from previous lumbar or knee injuries, or even
want to strengthen the erector spinae to a greater extent, the FS could be used as opposed to the BS. Under maximal
loads the BS allows athletes to lift a greater amount of weight, thus creating a greater stimulus on the hamstrings and
hips. However, some athletes cannot hold the bar with proper shoulder positioning in the BS under higher training
loads. When this occurs, a FS, which uses a front rack position may be an alternative in order to keep the shoulder in a
more neutral and less externally rotated position (Fees et al., 1998). However, the front rack position in FS may be
difficult for those who do not possess the necessary amount of flexibility and mobility of the wrist, elbow, and shoulder
(see Figure 2 B). With that said, making the effort to learn the front rack position of the FS will ultimately be beneficial,
as many variations of the Olympic lifts require a front racking position when coupling with the weight bar. While there
are a host of benefits related to performing the FS, the BS is considered by some as having the greatest potential for
increasing performance as greater loads can typically be lifted while performing the BS (O’Shea, 2000). In conclusion,
both the FS and BS are primary exercises in a strength and power training program that also directly stress the core
musculature. Understanding the specific nuances of the BS and FS provides strength and conditioning professionals
with the flexibility of choice between the squat variation based on the individual’s needs (or limitations) thereby helping
to optimize the individualized resistance training program.
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