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ABSTRACT

The barbell hip thrust may be an effective exertosencreasing horizontal force production and
may thereby enhance performance in athletic mov&smwequiring a horizontal force vector,
such as horizontal jumping and sprint running. &gogenic ability of the squat is well known.
The purpose of this study was to compare the effefcsix-week front squat and hip thrust
programs in adolescent male athletes. Vertical jeight, horizontal jump distance, 10 m and
20 m sprint times, and isometric mid-thigh pull béarce were among the measured
performance variables, in addition to front squat hip thrust three-repetition maximum (3 RM)
strength. Magnitude-based effect-sizes revealeeinpiatly beneficial effects for the front squat
in both front squat 3 RM strength and vertical jungaght when compared to the hip thrust. No
clear benefit for one intervention was observechfmizontal jump performance. Potentially
beneficial effects were observed for the hip thogstpared to the front squat in 10 m and 20 m
sprint times. The hip thrust was likely superiar ifmproving normalized isometric mid-thigh

pull strength, and very likely superior for impragi hip thrust 3 RM and isometric mid-thigh
pull strength. These results support the forceordbtieory.

Keywords: squat; hip thrust; sprint performanceppuperformance; vertical jump; horizontal
jump; force vector theory; hip extension; Resiseatnaining
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INTRODUCTION
The barbell hip thrust, introduced in the literatiny Contreras et al. (13), is a loaded

bridging exercise used to target the hip extenagamlature, which includes the gluteus
maximus and hamstrings. Because the hip thrusiresgconsistent hip extension moment
production throughout its entire range of motiammay effectively enhance horizontal force
production, improve sprint-running speed, and prizngbuteus maximus hypertrophy (4, 13, 18,
19). The consistent hip extension moment requisitése hip thrust may play a crucial role in
transference, as it has been theorized that hgneikdn moment-angle curves play a role in
transfer to athletic performance, such as sprimbing (16). Furthermore, because the hip thrust
is performed such that the force vector is antestey®r relative to the human body (Figure 1),
the force vector hypothesis states that it mayebétansfer to sports that are dependent upon
horizontal force production, because, when standingzontal force vectors are anteroposterior.
Sprinting is particularly relevant in this conteas horizontal force, horizontal force times
horizontal velocity (often misappropriated as ‘lzontal power’), and horizontal impulse have
strong associations with sprint running, both aximal speed and during acceleration (7, 8, 35).
Randell et al. (41) proposed that training adaptetimay be direction-specific, and that
anteroposteriorly-loaded exercises may transféebad horizontal force production, and vice-
versa for axially loaded exercises. To date, omky study has investigated the effects of the hip
thrust exercise on performance (34). The hip thuast incorporated into an intervention
program consisting of free sprints, sled towinggte leg exercises, Nordic hamstring curls, and
horizontal plyometrics, although very light loadsre utilized in the hip thrust (50-70% of
bodyweight for 2-3 sets of 6-8 reps) (34). Thernveation group displayed superior increases in
accelerating sprint running ability (over 5 m) dwath concentric and eccentric isokinetic knee

flexion force compared to the control group (34).
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Insert Figure 1 about here.

The squat is one of the most well-studied andzatiliexercises in strength and
conditioning. A recent meta-analysis on the sqoahél that increases in back squat strength
transfer positively to sprint performancee=-0.77) (43). These data are not surprisingheset
is a strong relationship between relative squangtth and sprint performance (11, 42).
Nevertheless, it is important to note that theexfension moment requisites of a squat decrease
throughout the ascending concentric range of mdBynsuggesting that squats might not be as
beneficial for developing end-range hip extensimerngth as exercises that do emphasize such a
range of motion. Moreover, the previously descridath on the relationship between squat
strength and sprinting performance may not be epbplé to all athletes. Research on American
football players has shown that increases in sap@tvertical jump performance are
unaccompanied by an increase in sprint runningds@&® 29). Similarly, many training studies
involving squats have consistently shown improveiménvertical jump (9, 25, 39, 47). Since
the squat has an axial force vector and the higsthiras an anteroposterior force vector, it is
possible that the hip thrust has stronger transéer¢o sprint running, while the squat has
stronger transference to the vertical jump. Thisigortant, as the identification of how different
exercises transfer optimally to sport performasgaaramount for strength and conditioning
exercise selection. Deep front squats and deepdtpeits have both been shown to lead to
larger vertical jJump improvements than shallow $g{24). And yet, both the front squat and
back squat have been shown to have similar mustileaion and hip moments (21, 51). On the
other hand, the hip thrust appears to activatdighextensor musculature to a greater extent than

the back squat (14).
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Research examining specificity has shown that dusime-repetition maximum (1 RM)
testing, training specificity is a primary fact@7( 48). In other words, those more familiar with
the 1 RM test or exercise are likely to performtéretiuring that specific 1 RM test. Thus, it is
likely that the group training a specific movemeiiit have an advantage during 1 RM testing
for that movement. Nagano et al. (38) described hotli horizontal and vertical jumps require
similar quadriceps and gluteus maximus involvemehtch are both targeted during the squat
and hip thrust (14). The isometric mid-thigh psllone measure that appears to have
implications for sport performance, during whidie tathletes’ chosen body position has knee

and hip angles of 133° and 138°, respectively (12).

Therefore, the purpose of this study was to comftegeffects of six-week hip thrust and
front squat training programs on 10 m and 20 nnépimes, horizontal jump distance, vertical
jump height, isometric mid-thigh pull performanead both 3 RM front squat and 3 RM hip
thrust strength in adolescent males. It was hysitkd that (1) the hip thrust group would
improve 3 RM hip thrust to a greater extent thanftbnt squat group, due to specificity; (2) the
front squat group would improve 3 RM front squaatgreater extent than the hip thrust group,
due to specificity; (3) the hip thrust group wouttprove 3 RM front squat, but not as much as
the front squat group; (4) the front squat grouplomprove 3 RM hip thrust, but not as much
as the hip thrust group; (5) the hip thrust growquia improve 10 m and 20 m sprint times to a
greater extent than the front squat group, ashmigsts elicit greater gluteus maximus and
hamstrings activation; (6) the front squat groupuldamprove vertical jump better than the hip

thrust group, as the front squat involves a vertaad vector and displays greater quadriceps
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activation; (7) both groups would improve horizdntenp distance to a similar degree, as the
horizontal jump utilizes both vertical and horizalnexternal force vectors and display similar
levels of gluteus maximus and quadriceps actiabd (8) both groups would improve the
isometric mid-thigh pull force to a similar degras,both the quadriceps and gluteus maximus

are heavily relied upon.

M ethods
Experimental Approach to the Problem

This was a single-center, investigator-blindedajal-group, randomized-controlled trial
with equal randomization (1:1). Each group wasgiesi to perform the hip thrust or front squat
twice per week for six weeks, for a total of 12ssess. Performance variables were collected

prior to, and following, the six-week training peai

Subjects

Eligible participants were all adolescent athleteges 14 to 17, and were enrolled in a
New Zealand rugby and rowing athlete developmengnam (Table 1). All subjects had one
year of squatting experience and no hip thrustikpgegence. Ara priori power analysis was
performed for increases in acceleratian=(0.05;4 = 0.80; Cohen’sl = 2.44) (30), and it was
determined that at least 8 subjects (4 for eachgravould be adequate to observe decreases in
10 m sprint times; however, in order to maximizistical power, a convenience sample of 28
subjects (14 for each group) were recruited. Alljsats and their legal guardians were required

to complete Informed Consent and Assent formsgditeon to a Physical Activity Readiness
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Questionnaire (PAR-Q). All subjects were healthgt anury-free at the commencement of

training. This study was approved by the Aucklamdviersity of Technology Ethics Committee.

Table 1 about here.

Procedures

On the first day, subjects completed the necedsanmys (Informed Consent, Assent,
PAR-Q) and completed a familiarization protocol flee hip thrust and isometric mid-thigh pull.
Three days later, subjects performed a 10-minwteddody dynamic warm-up before
undertaking baseline testing. This included themdiag of physical characteristics before
progressing to measurement of vertical jump, hotialgump, and sprinting. On the second day,
after the 10-minute lower body dynamic warm-up,gbbjects’ front squat and hip thrust 3 RM

were assessed followed by their isometric mid-tiggh.

Familiarization Protocol

Three days before baseline testing, familiarizapootocols were completed for the hip
thrust and isometric mid-thigh pull, as the sulgegéere not familiar with these movements or
testing procedures. For the hip thrust, subjeat®pred sets with 10, 6, and 4 repetitions with
20, 40, and 60 kg, respectively. Isometric mid4thpmll familiarization was completed by
having subjects perform three, five second pullmofeasing intensity (50, 70, and 90%) with
thirty seconds between each pull; finally, a fiee@nd isometric mid-thigh pull was performed

at 100% intensity.
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134  Dynamic Warm-up

135 A 10-minute lower body dynamic warm-up was emplgyshsisting of two sets of 10
136 repetitions of the following movements: standingittal plane leg swings, standing frontal plane
137 leg swings, body weight squats, and hip thrustseideall references to a 10-minute lower body
138 dynamic warm-up refer to this procedure.

139

140 Vertical & Horizontal Jumps

141 Vertical jump height was measured by calculatirggdtiference between standing reach
142  height and maximum jump height from a Vertec (JU§A, Sunnyvale, CA, USA). Horizontal
143 jump distance was measured by calculating theréifiee between the starting heel position and
144  the landing heel position of the most rearward ilagdoot, measured using a tape measure. The
145 vertical and horizontal jumps were performed usirgpuntermovement jump with arm swing;
146 that is, athletes were allowed to flex at the hkpges, and ankles to a self-selected depth in
147  order to utilize the stretch-shortening cycle dgrinple extension. Subjects were given three
148 trials for each test, separated by three minutessif The highest and farthest jumps from the
149 three trials of each respective jJump were analyzed.

150

151 Sprinting Performance

152 Following the vertical and horizontal jump testisgpjects were given 10 minutes rest
153 before performing 20 m sprint testing. Three wamri20 m sprint trials at approximately 70, 80,
154  and 90% of maximum sprinting speed were perfornted [ testing. Data was collected using
155 three sets of single beam timing lights (SmartSpEadion Sport, Coopers Plains, Australia),

156 placed at O (start), 10 m, and 20 m distanceseatisiely, wherein 0—10 m and 0-20 m split
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times from the fastest 20 m trial were used folymig All timing lights were set to a height of
60 cm (17). The subjects were required to staatsplit stance 50 cm behind the first set of

timing lights. Subjects were given three, 20 mrgpirials separated by five minutes.

Front Squat and Hip Thrust 3 RM Strength Testing

Subjects first performed a 10-minute lower bodgaiyic warm-up. First, three
progressively heavier specific warm-up sets weréopaed (~60, 70 and 80% of predicted 3
RM), for the front squat, followed by two to threets of 3 RM testing sets. 3 RM was chosen
over 1 RM due to safety concerns. During the fsaptat, subjects’ feet were slightly wider than
shoulder width apart, with toes pointed forwarglightly outward. Subjects descended until the
tops of the thigh were parallel with the floor (48jter 10 minutes of rest, subjects performed
three progressively heavier specific warm-up satshfe barbell hip thrust. In accordance with
Contreras et al. (13), the barbell hip thrust wassggmed by having subjects’ upper backs on a
bench. Subjects’ feet were slightly wider than stdeuwidth apart, with toes pointed forward or
slightly outward. The barbell' was padded with aklbar pad and placed over the subjects’ hips.

Subjects were instructed to thrust the bar upwatdke maintaining a neutral spine and pelvis.

Isometric Mid-thigh Pull

Subjects, still warm from strength testing, perfedran isometric mid-thigh pull while
standing on a tri-axial force plate (Accupower, AMWatertown, MA, USA) within a squat
rack sampled at a frequency of 400 Hz. Each subgdtonto an adjustable bar using an
alternate grip (power grip) that was locked at glesituated halfway between (mid-thigh

position) each subject’s knee (top of the patelfe] top of the thigh (inguinal crease). Each
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subject was permitted to self-select his own jamgles, so long as the bar was situated halfway
between his knee and inguinal crease. On the conhfigari, the subjects were instructed to pull
the fixed bar “hard and fast” and maintain maxiefbrt for five seconds, with the intention of
generating maximum vertical ground reaction foReak vertical ground reaction force was
recorded from two trials separated by three minafesst. The force-time data were filtered
using a second order low-pass Butterworth filtethvai cut off frequency of 16 Hz. The
maximum force generated during the 5-second isaenid-thigh pull was reported as the peak
force. The highest peak force from both trials wssd for analysis. Peak force was used, as it
was the most reliable variable (CV = 3.4%; ICC 84). Other variables, such as time-to-peak
force (ICC =0.71; CV = 16%) and average rate o¢dadevelopment (ICC = 0.64; CV = 23%),
were unreliable, possibly due to the 400 Hz samgdliequency. For rate-dependent variables,
1000 Hz or higher is recommended (23, 33). Norredlizalues were normalized to body mass,

in kilograms.

Training Protocol

Subjects were matched according to total strengghtlaen randomly allocated to one of
two training groups (front squat or hip thrust) siaoin flip. Statistical analysis-{est) was
carried out to ensure that there were no statisliferences between groups (p < 0.05) in the
measured baseline variables (Table 1). For lowdypone group performed front squats only,
while the other group performed hip thrusts onliye Tepetition scheme utilized for the front
squat and hip thrust is presented in Table 2. thtieh to lower body training, both groups
performed upper body and core exercises, consisfirfgur sets of incline press or standing

military press; four sets of bent over rows, bepah, or seated rows; and four sets of core
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exercises for the abdominals/lower back. Each weekwo separate days spaced at least 72
hours apart, the front squat group performed fets of fronts squats and the hip thrust group
performed four sets of hip thrusts in a perioditaeshion (Table 2). The aforementioned 10-
minute dynamic warm-up followed by three progreslgineavier specific warm-up sets was
performed prior to each session. Three-minutepesbds in between sets were used throughout
the duration of the training. During week one, 68%M loads were utilized. Loads were

increased gradually each week, assuming the sulpegpleted all repetitions with proper form.
Table 2 about here.

Training records were kept in order to analyzeliog progressions. During the week
following the six weeks of training, post-testingswonducted in the same fashion as the pre-
testing. Subjects were instructed to maintain tbeirent diet and to abstain from performing

any additional resistance training.

Satistical Analysis
All data were reduced and entered into Stata (Stafa College Station, TX), wherein
Shapiro-Wilk tests were performed to ensure notyalvherep < 0.05 in a Shapiro-Wilk test is

indicative that the data are nonparametric. Fomabrdata, effect sizes (ES) were calculated

using Cohen’sl (between groupd Z@’ whereM; andM; are the mean changedd s
pooled

Mpre) for each group, and,ed is the pooled standard deviation of changes frawh egroup;

within group:d :%, whereMy is the mean difference from pre-to-post apds the standard
Sd
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deviation of differences between subjects), whids wefined as small, medium, and large for
0.20, 0.50, and 0.80, respectively (10). The wirioup Cohen’sd better represents changes
due to the intervention, as it utilizes within-seddj differences rather than between-subject

differences (5, 36, 45). For non-normal data, derd@éned by g-value of less than or equal to

0.05 in the Shapiro-Wilk test, ES were reportedeims of Pearson’s(r :—\/Z=, wherez is the
n

z-score from a Wilcoxon signed-rank or rank-sum ,tdet within- and between-subject
comparisons, respectively), which was defined aallsmmedium, and large for 0.10, 0.30, and
0.50, respectively (10). Ninety percent (90%) coafice limits (CL) of ES were calculated for
magnitude-based inferences (28). Ninety percentwgasl rather than 95% in order to prevent
readers from utilizing the CL to re-interpret thesults in terms of ‘statistical significance’;
rather, the 90% CL defines the likely range of ‘thee’ effect-size (3). Qualitative probabilistic
terms were then assigned using the following s¢2ifg: most unlikely, <0.5%; very unlikely,
0.5-5%; unlikely, 5-25%; possibly (or, in the cadebetween-group comparisons, unclear), 25-

75%; likely, 75-95%; very likely, 95-99.5%; and mdkely, >99.5%.

Results

Of the 29 athletes recruited for this experimerigtal of 24 athletes completed the
training protocol, as three athletes were remowvesitd non-adherence and two athletes were
removed due to injury, not due to the training pcol. Thirteen subjects successfully adhered to

the hip thrust protocol and 11 subjects successflaéred to the squat protocol for all six weeks.

Within-Group Outcomes for the Hip Thrust Group
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Within the hip thrust group, very likely beneficefifects were observed for 20 m sprint
time (A = -1.70%;d = 1.14 (0.67, 1.61)); peak force during the isaioehid thigh-pull A =
+9.27%;d = 1.01 (0.52, 1.51)); and 3 RM hip thrust stren(gtts +29.95%pd = 2.20 (1.71,

2.69)). A likely beneficial effect was observed the normalized peak force during the isometric
mid-thigh pull, which increased by 7.12%% 0.77 (0.27, 1.27)). Possibly beneficial effects
were observed for 3 RM front squat strength=(+6.63%;d = 0.64 (0.15, 1.13)); vertical jump

(A = +3.30%;d = 0.43 (-0.07, 0.93)); horizontal jump € +2.33%;d = 0.51(0.02, 1.00)); and

10 m sprint timesA = -1.06%;d = 0.55 (0.06, 1.04)) (Figure 2, Table 3).

Figure 2 about here.

Within-Group Outcomes for the Front Squat Group

Within the front squat group, most likely benefl@#fects were observed for 3 RM front
squat strengthA(= +11.39%d = 1.66 (1.10, 2.22)) and 3 RM hip thrust strengtlx +17.40%;
d=1.59 (1.03, 2.15)). A very likely beneficial eft was observed for vertical jump height,
which increased by 6.81% € 1.11 (0.56, 1.66)). A likely beneficial effect walsserved for
horizontal jump A = +1.69%;r = 0.39 (-0.17, 0.76)). Possibly beneficial effeeis observed
for peak force4 = +1.87%;r = 0.32 (-0.24, 0.72)) and normalized peak force *+1.94%;r =
0.27 (-0.30, 0.69)) during the isometric mid-thjglhll. Lastly, unlikely beneficial effects were
observed for 10 mA(= +0.10%;d = —0.02 (-0.54, 0.40)) and 20 mn € —0.67%d = 0.19

(-0.34, 0.72)) sprint times (Figure 3, Table 3).
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Figure 3 about here.

Between-Group Comparisons

For all between-group comparisons, a positive ESrfathe hip thrust. Between the front
squat and hip thrust groups, both the vertical jdwp —0.47 (-1.20, 0.23)) and front squat 3
RM strength squatd(= —0.55 (-1.25, 0.15)) possibly favored the frequat. It is unlikely that
one intervention was better than the other for owjprg horizontal jumpd = 0.15 (-0.57,
0.87)). Changes in both 10 ©h£ 0.32 (-0.39, 1.03)) and 20 @£ 0.39 (—0.31,1.09)) sprint
times possibly favored the hip thrust. Changesoinmalized peak force during the isometric
mid-thigh pull strength were likely superior in thig thrust = 0.28 (=0.07, 0.57)). Lastly, very
likely benefits to the hip thrust were observetath hip thrust strengthd & 1.35 (0.65, 2.05))

and peak force during the isometric mid-thigh gul: 0.46 (0.14, 0.69)) (Figure 4, Table 3).

Figure 4 about here.

Table 3 about here

Discussion

The purpose of this study was to examine and coenjpar effects of a six-week squat or
hip thrust program on performance measures in adéescent athletes. Hip thrust within-group
analyses revealed possibly to most likely bendfefifects for all outcomes. The large effect size
noted for hip thrust strength changds=(2.20) is in line with the principle of specifigitClearly
beneficial effects for the hip thrust group to imype front squat strength were noteld=(0.64).

Because the hip thrust has been shown to elicitagiguadriceps EMG amplitude as compared
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to, and greater hip extensor EMG amplitude tham stjuat, these results are intuitive (14). The
decreases in 10 nd £ 0.55) and 20 md(= 1.14) sprint times are in line with the forcectoe
hypothesis, as the hip thrust likely develops aeraposterior force vector, and sprint
performance is highly correlated with horizontaici output, which is directed anteroposteriorly
(35). Clearly beneficial effects in peak force dgrithe isometric mid-thigh pultl(= 1.02;
Normalizedd = 0.77) were observed as hypothesized. Thesetetiee likely due to the
position-specific adaptations of end-range hip @siten, which is required during the isometric
mid-thigh pull, in addition to the high EMG amplites of the hip and knee extensors during the
hip thrust (14). Lastly, possibly beneficial effeat vertical = 0.43) and horizontatl(= 0.51)
jump measures were observed, but with small-to-omedtS. These outcomes are likely due to
the ability of the hip thrust to place mechanicaiménds on the hip and knee extensors (14).
Additionally, large horizontal impulses are neeftadhorizontal jump distance (50), so the
anteroposterior force vector employed in the hipghmay be beneficial for improving
horizontal force when upright, and thus, potentiabrizontal impulse production, if time

components do not change (or increase).

Numerous within-group effects were observed inftbet squat group. As per our
hypotheses, increases in both front sqdat {.66) and hip thrustl(= 1.59) 3 RM were
observed. These increases are likely due to tim équat’'s hip and knee extension moment
requisites (22), which require activation of thp Bnd knee extensors (15), and as per previous
research by our group, both the squat and hip thtiize the hip and knee extensors to a
significant degree (14). In addition, likely andydikely beneficial effects were observed for

both horizontalr(= 0.39) and verticald(= 1.11) jumps, respectively. The axial force vect
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the front squat may have helped subjects develgetdaertical force during jumping, thus
increasing vertical impulse, which is directed #yiand is a key factor for both horizontal (50)
and vertical (1, 49) jumps. However, this cannosaie for certain, as propulsion times were not
measured. Likely and very likely beneficial improvents in both peak force £ 0.32) and
normalized peak force € 0.27) during the isometric mid-thigh pull, respeely, were also
observed. Again, these adaptations may be dueteettiical force vectors of both the front
squat and isometric mid-thigh pulls. It is surprggihowever, that the front squat only elicited
unclear or trivial effects in 10 nad & —0.02) and 20 nd(= 0.19) sprint performance, as previous

research has shown the squat to be an effectigeventtion for increasing speed (43).

The primary purpose of this investigation was tmpare the two interventions, the front
squat and barbell hip thrust, on the aforementiqrestbrmance outcomes. Possibly beneficial
effects for the hip thrust were noted for 10dr=(0.32) and 20 nmd(= 0.39) sprint times, which
provides further support for the force vector tlyedihe hip thrust was also very likely beneficial
in increasing hip thrust 3 RM strength% 1.35) and peak force during the isometric mighh
pull (r = 0.46), while likely beneficial effects were obssd for normalized peak force during
the mid-thigh pull = 0.28). While the former was to be expected, aghgeprinciple of
specificity, the latter result was unexpected hasisometric mid-thigh pull utilizes a vertical
external force vector. This may have to do withiigeextension moment requisites of the
isometric mid-thigh pull, which the hip thrust mbg more effective in improving. As per our
hypotheses, the front squat was possibly beneficiamproving vertical jumpd = -0.47) and
front squat 3 RM strengtld & —0.55) over the hip thrust, which also supptrésforce vector

theory. Lastly, as per our hypothesis, no cleaatfivas observed for horizontal jump
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performanced = 0.15). This may be because both horizontal antical components are
important for the horizontal jump (50). The antersigrior external force vector utilized in the
hip thrust would thus translate to the horizontdeeal force vector in the horizontal jump,

while the axial external force vector utilized retfront squat would carry over to the vertical
external force vector in the horizontal jump. Besmuinetic analyses were not performed during

the jump, this cannot be said for certain and meguiurther investigation:

To the authors’ knowledge, only one other studydemonstrated transfer from one
resisted hip extension exercise to another. Speat (46) investigated the transfer from
unilateral (Bulgarian split squats) to bilaterah¢k squats) hip extension exercises, and vice
versa, in addition to their effects on performarbeth exercises were found to have carryover
and improve performance. The observed effectsignstindy were quite fascinating in that each
group gained about half that of their exercise-djgetounterpart. In other words, for front squat
3 RM strength, the front squat group increasedb¥% and the hip thrust group increased
6.63%. This effect was also noticed for hip thii&M strength (+30.0% (hip thrust group)

versus 17.4% (front squat group)).

In both groups, absolute hip thrust 3 RM strengith ehanges in hip thrust 3 RM were
much greater than absolute front squat 3 RM stheagtl changes in front squat 3 RM. The front
squat group increased their hip thrust 3 RM by 2318.7 kg (111 £ 20.9 — 134 + 11.2 kg),
while their front squat 3 RM increased by 9.64 &®Bkg (75.0 £ 10.4 — 84.6 £ 10.0 kg). The
differences in the hip thrust group were even nppomounced, in that their front squat 3 RM

increased by 5.50 + 8.53 kg (77.6 £ 12.3 — 83.B¥ kg), while their hip thrust 3 RM increased
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by 49.5 £ 22.4 kg (115 £ 23.5 — 165 + 33.0 kg). §édifferences are likely due to the nature of
the hip thrust exercise, in that there is moreiltyaland decreased coordination requirements.

However, a full kinetic analysis of the hip thrisheeded for further insight.

The front squat’s ability to increase vertical juhmgght is quite intuitive, as both the
front squat and vertical jump utilize the same mdkforce vector direction (vertical).
Additionally, the substantial utilization of theaplriceps in both the front squat and vertical
jump (22, 31, 51) demonstrates a possible undeylyiachanism for beneficial vertical jump
adaptations (6). Lastly, a qualitative analysibath movements reveals that they are similar in
nature. On the other hand, the effects on horizqunt@p distance are rather surprising, as it was
hypothesized that squats and hip thrusts wouldtieadnilar improvements in this test due to
the large vertical and horizontal force and impusguirements of the task (32, 50). However,
despite clear strength gains in axially- and amesteriorly-oriented lower body exercises,

neither group saw statistical or clearly beneficigbrovements in horizontal jump performance.

It is surprising that, although squats have beemwstto improve sprint performance
(43), no clear effects were observed in the fronias group for sprint performance. It cannot be
said whether this is due to the short duratiomaihing (six weeks) as weight training has
previously been shown to improve 10 m sprint tinmethe same six-week period (30), and
because a moderate, possibly beneficial effectolbaerved in the hip thrust group. While it is
surprising that the front squat did not decreasm2ines, the effects of the hip thrust make
sense, as anteroposterior (or horizontal, in tise c&the sprint) force production is a key

component in sprint performance (7, 8, 35), anchipehrust is an anteroposterior force-
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dominated movement. These findings are in line witlat Randell et al. (41) proposed, in that
horizontal-dominated movements have better carnytwvhorizontal-dominated activities, while
vertical-dominated movements have better transéerémvertical-dominated activities. On a
musculoskeletal level, this may be due to the gl the hip thrust to recruit the hip extensor
musculature (14). Furthermore, the hip thrust hlaip &xtension moment requisite throughout
the entire range of motion, including end-rangeenfension, whereas the hip extension moment
requisites of the front squat decrease as one agpipes full hip extension. In other words, the hip

thrust is more hip-dominant than the front squat.

Hip thrust training resulted in greater improvenseantthe isometric mid-thigh pull peak
force compared to squat training, even though thieips/olved a vertical force vector. It is
proposed that this is due to the hip extension nmbraegle curves of the squat versus that of the
hip thrust, in that the hip thrust likely has aajs¥ hip extension moment requisite at the angle at
which the isometric mid-thigh pull is performed tiliese joint-specific kinetic hypotheses

require further investigation.

There are a number of limitations that must be @anrmind when interpreting the
results from this study. Adolescent males have gimgnrhormone levels and a large number of
life stressors (2, 44). Therefore, these resultmcbbe extrapolated to other populations, such as
female or adult populations. Second, the shortwagk duration (12 total sessions) of this study
may not have been enough time to elicit adequatsgreable results. This short time span may
not be adequate for a squat program, as it requicge coordination than the hip thrust, which is

easier to learn since it requires less stabilityrd, although front squats were only performed to
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parallel, deeper squats tend to elicit greater tadiaps (6). This study also dichotomized
exercise selection, and it is very likely that andined group would have the “best of both
worlds,” or the benefits from both axial- and aofasterior-specific training. The sprinting
measured during this trial was of short distan@niland 20 m), which is the early phase of
acceleration. It is possible that with longer distes, different observations may have been
made. For example, one group may have increaseddpespeed but not acceleration, thus

leading to lower sprint times at 100 m but not 20 m

Future research should duplicate these methoder populations, such as females,
adults, and athletes from various sports. In agiditinese findings cannot necessarily be
extrapolated to those without squatting experieraewith hip thrusting experience, as novelty
may bias the hip thrust. Further, finding a prap@tocol to maximize transference is
imperative, as, for example, light, explosive Hipsts may be better for improving power
production, but heavy hip thrusts may be betterfgaroving the contribution of the hip joint to
horizontal force production. The dichotomizatioreakrcise selection in this study must be
eliminated from future research, as combining dgesctends to elicit greater adaptations than
one exercise (20). Determining the transfer oféhmesvements to other movements, such as the
transfer of the squat or hip thrust to the deadldtlld be helpful for program design purposes.
As previously noted, a joint kinetic analysis oé thip thrust to compare to existing analyses on
the squat is needed, as this may reveal biomeddangchanisms for adaptation. Lastly, the hip

thrust should be compared to different squat vianat such as the back squat.

Practical Applications
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In line with previous literature, specificity isitical for improving the strength in a lift.
This indicates that athletes that participate orisplike basketball and volleyball, which are
predicated on vertical jump, may benefit more fittva front squat rather than the hip thrust.
However, in sports such as rugby and American fbtib may be more beneficial for athletes
to perform the hip thrust, due to its carryoveatseleration. Because the hip thrust does seem to
increase front squat performance, it is possikdéttine hip thrust may be a viable option to
perform during times of injury in order to maintainincrease front squat strength. The direction
of the resistance force vector relative to the bayyears to play a role in transference, in that
axially-resisted movements (front squat) appedoetter transfer to vertical-based activities
(vertical jump), and anteroposterior-resisted mosets (hip thrust) appear to better transfer to
horizontal-based activities (20 m sprint). The gaver of the hip thrust to peak isometric mid-
thigh pull force is indicative that the hip thrusty have carryover to deadlift lockout, even
though the positions are slightly different. Lasttyis likely best to perform a combination of
movements rather than just one; it is recommenkladathletes incorporate both the squat and
hip thrust for complementary improvements in paerfance. Future studies are needed in adults

and female populations, as these findings cannektvapolated.
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Figure 1. Hip thrust technique.

Figure 2. Within-subject effect sizes (Coherdst 90% CL) following six weeks of hip
thrusting.

Figure 3. Within-subject effect sizes (ES £ 90% CL) folloisix weeks of front squatting.
Black diamond = Cohen®d, open diamond = Pearsom's

Figure 4. Magnitude-based effect sizes (ES £ 90% CL) ofgrarance measures. Black
diamond = Cohen’d, open diamond = Pearsom’s



Table 1. Comparison of baseline characteristics of the fsgutat and hip thrust groups.

Hip Thrust Front squat p-value
Age (years) 15.49+1.16 15.48 £ 0.74 0.980
Height (cm) 178.73 £5.02 181.61 +5.51 0.194
Body mass (kg) 78.32+12.47 81.16 + 12.37 0.582
Vertical jump (cm) 56.31 +£8.44 52.27 £ 8.40 0.255
Horizontal jump (m) 2.33+0.20 2.28+0.24 0.611
10 m sprint (s) 1.76 +0.07 1.79 +0.08 0.244
20 m sprint (s) 3.13+0.13 3.16 +0.14 0.493
Hip thrust (kg) 115.85 + 23.53 111.36 +20.99 0.630
Front squat (kg) 7757 +12.38 75.00 + 10.49 0.592
Isometric mid-thigh pull (N) 2554.31 £ 419.03 26B3+ 258.35 0.386
Isometric mid-thigh pull (normalized) (N/kg) 32.844.39 33.41 +£3.37 0.729




Table 2. Sets, repetition schemes, and loads utilized for the front squat and hip thrust.

Week | Sets | Repetitions | Load
1 4 12 12 RM
2 4 10 10 RM
3 4 10 10 RM
4 4 8 8 RM
5 4 8 8 RM
6 4 6 6 RM

RM = repetition maximum



Table 3. Pre- and post- measures, differences, and perbanges of all performance measures.

Hip Thrust Front Squat
Pre Post A (abs) A (%) Pre Post A (abs) A (%)

Body mass (kg) 78.32£125 79.82+12.7 +1.49 +1.38 +1.87 81£1€.37 81.71+12.55 +0.55 + 1.69 +0.67
Vertical jump (cm) 56.31 + 8.44 58.23 +7.82 +1.92 +4.48 +3.30 528740 56.09 + 8.22 +3.82 £+3.43 +6.81
Horizontal jump (m) 2.33+0.20 2.38+0.22 +0.06 +0.11 +2.33 2.28240 2.32+0.28 +0.04 £0.15 +1.69
10 m sprint (sec) 1.76 £0.07 1.74£0.08 -0.02 £ 0.03 -1.06 1.79080 1.80+0.11 +0.00 £ 0.09 +0.10
20 m sprint (sec) 3.13+0.13 3.07+0.14 —0.05 £ 0.05 -1.70 3.16140 3.14+0.16 -0.02+0.11 -0.67
Hip thrust (kg) 115.85 £ 23.53 165 + 33.07 +49.54 +22.49 +29.95 1.3@+20.99 134.82 £11.20 +23.45 £14.77 +17.40
Front squat (kg) 77.57 £12.38 83.08 £ 13.77 +5.50 £ 8.53 +6.63 70%00.49 84.64 +10.03 +9.64 £ 4.80 +11.39
Isometric mid-thigh pull (N) 2554.31 £419.03 2815.31 +504.21 +261.00 + 257.869.22 2683.18 £258.35 2734.18+213.09 +51.00¢&3 +1.52

Nor malized isometric mid-thigh pull (N/kg) 32.84 +£4.39 35.36+4.12 +2.52 +3.30 +7.06 3348137 34.07 £4.98 +0.66 +2.35 +1.56
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