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Abstract: The aim of the present study was to investigate the effects of hip thrust (HT) training on the strength and power performance
of lower extremities. In total, 20 male collegiate baseball players participated in this study and were divided into a HT training group
(HTT) and a control group (CON). Participants in the HTT group added HTT movements to a regular baseball training regimen (3
times per week for 8 weeks), whereas participants in the CON group only performed the regular baseball training regimen. Before and
after the training sessions, strength performance was assessed via tests of squat strength and 3 repetition maximum (3RM) HT strength;
power performance was assessed via vertical jump height, standing long jump distance, and 30-m sprint time. The results indicated
significant improvement in squat strength (31% ± 15%) and 3RM HT strength (36% ± 16%) (P < 0.05), but not in vertical jump height,
standing long jump distance, and 30-m sprint time. Furthermore, the improvement in squat strength highly correlated with 3RM HT
strength (r = 0.83, P < 0.05). In conclusion, HTT plays a role in developing squat strength but does not appear to improve power
performance.
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1. Introduction
The hip joint is the biggest and most powerful joint
in the lower extremity. The flexion-extension
movement of the hip plays a crucial role in most daily
activities, such as squatting, standing up, walking,
climbing, jumping, and running [1, 2] and participates
in the control of trunk movements [3]. Having a strong
hip joint is important because weak hip strength is
related to back pain [4, 5] and knee injury [6, 7]. Poor
hip strength also correlates with proneness to fatigue in
patients with chronic lower-back pain in comparison to
healthy control subjects during a sustained back
extension endurance test [3]. In addition to meeting the
demands of daily activity, hip extension movement is
becoming more attractive in sports training as it is
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important for sprinting, jumping, and various athletic
movement patterns [1, 8-11].
Hip thrust (HT) exercise, introduced by Contreras
and colleagues, is an emerging strength training
method to enhance hip extension strength [8]. The HT
training (HTT) technique is characterized by increasing
the resistance with an elastic band or a barbell across
the hips during a bridging exercise [8]. The regular
training of the loaded hip extension moment created by
HT is theorized to enhance horizontal force production
and maximize gluteus hypertrophy [8-10]. It was
hypothesized that the increased hip strength
performance subsequently transfers to sprint, vertical
jump, standing long jump, and squat capacity, which
play crucial roles in the performance of athletes [11].
Performing hip extension exercise regularly (e.g.,
kettlebell swing) has previously been reported to
facilitate squat strength and explosive performance
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[12]. However, studies using the HTT method to
improve these two areas of performance are limited.
Contreras et al. [13] compared the effects of 6-week
HTT versus a front-squat resistance training program
on performance in adolescent males. In their study, a
within-group effect on HT 3 repetition maximum
(3RM) strength, front squat strength, vertical jump,
horizontal jump, and 10-20 m sprint times showed
improvement. However, due to the purpose of their
study, comparing the effects of two intervention
training methods (HT vs. front squat), there was no
control group in this study. Additionally, their subjects
were adolescents; the training effect may have limited
application to other populations.
Therefore, this study was undertaken to specifically
investigate the effects of HTT on the strength and
power performance of lower extremities in experienced
athletes.

players were recruited for the current study. Subjects

2. Methods

and HT movements correctly. After this familiarization

were moderately trained athletes with at least 2-year
experience in baseball training and more than 1-year
experience in weight training. They were randomly
divided into the HTT group (N = 10) (height: 173.1 ±
4.6 cm; weight: 69.8 ± 11.6 kg; age: 19.9 ± 0.8 years)
and CON group (N = 10) (height: 175.2 ± 6.2 cm;
weight: 69.3 ± 15.5 kg; age: 20.4 ± 2.1 years). All
subjects were injury-free during the testing and training
period. The study was carried out according to the
Declaration of Helsinki protocol, and written informed
consent was obtained from all subjects.
2.3 Procedures
The participants were familiarized with the training
procedures and testing movements 2-3 days before the
orientation for baseline testing. They were instructed
by a certified strength coach on how to perform squat
period, they performed a 10-minute lower-body

2.1 Study design
The study was designed as a randomized controlled
trial. Recreational college baseball players were
randomly assigned to a HTT group and a control (CON)
group. Subjects in the HTT group added HTT
movement to a regular baseball-training regimen
(which included baseball technical training and some
strength training without lower extremity training
during the study period); participants in the CON group
performed only the regular baseball training regimen
for 8 weeks. Neither group had prior experience of
HTT. However, members of both groups had at least 1
year of experience for squat training. In addition, the
squat movement was removed from regular training
one month before the HTT was initiated. Squat strength
(1RM), HT strength (3RM), vertical jump, standing
long jump, and 30-m sprint were assessed before and
after the 8-week training program.
2.2 Subjects
In total, 20 recreational-level college baseball

dynamic warm-up before power exercise testing. This
testing included vertical jump, long jump, and sprint.
On the following day, after the 10-minute lower-body
dynamic warm-up, the subjects were assessed for 1RM
squat and 3RM HT. The testing procedure was
repeated 3-4 days after the 8-week training program.
2.4 Dynamic Warm-up
The 10-minute lower-body dynamic warm-up
referred to in this article consisted of one set of ten
repetitions or steps of the following movements: hip,
knee, and ankle mobility exercises, forward lunge, side
walking with superband, butt kick, calf rise,
body-weight HT, and body-weight squat.
2.5 Vertical and Long Jumps
To record the data of vertical jump height, the
participants were asked to touch a red ink mark with
the middle finger of the dominant hand and reach a
maximum vertical height on the wall while their feet
were flat on the ground. Subjects then were instructed
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to jump as high and as fast as they could and attempt to
make contact with the middle finger at the highest
possible point on the wall; the difference between the
ink marks was recorded as the vertical jump height.
Horizontal jump distance was measured by calculating
the difference between the starting heel position and
the landing heel position of the most rearward landing
foot [13]. Subjects were given 3 trials to reach their
maximum height and distance. Rest intervals among
trials were 3 minutes. The best performance of the 3
trials was used as the comparative measure from
pre-test to post-test.
2.6 30-m Sprint
Sprint speed over 30 m was assessed using an
electronic timing system (Brower Timing Systems,
Draper, UT). Subjects completed three trials with the
fastest time recorded. Rest intervals between trials
were 5 minutes.
2.7 One Repetition Maximum Squat Strength Testing
The 1RM squat protocol involved a progressive
increase in load and decrease in repetitions per set [14].
The attempts of 1RM squats were selected with the
goal of reaching the maximum for each subject in three
attempts after warm-up. In between the attempts, 4
minutes of rest was permitted. During the back squat,
subjects’ feet were slightly wider than shoulder width
apart, with toes pointed forward or slightly outward.
Subjects descended until the tops of the thigh were

parallel with the floor.
2.8 Three Repetition Maximum Hip Trust Strength
Testing
After 10 minutes of rest following squat strength
testing, subjects performed three progressively heavier
specific warm-up sets for the barbell HT. The
procedure for testing was according to Contreras et al.
[13]. The barbell HT was performed by having the
upper backs of subjects on a bench (Fig. 1). The feet of
subjects were at a distance slightly wider than shoulder
width, with toes pointed forward or slightly outward.
The barbell was padded with a thick bar pad and placed
over the hips of the subjects. Subjects were instructed
to thrust the bar upward while maintaining a neutral
position of the spine and pelvis.
All subjects had at least 1-year experience of
performing the squat movement, while none had
experience with the HT movement. Therefore, 3RM in
HT strength testing was selected rather than 1RM
because of safety concerns.
2.9 Hip Thrust Training Protocol
Prior to each formal training session, the participants
in HTT group were instructed to perform low-load
gluteus activation exercises, which included single-leg
bridges, clamshells, quadruped hip extensions, and side
walking with super bands. One set of ten repetitions or
steps was performed for each exercise. The participants
were trained by a certified strength coach and were

Fig. 1 Hip thrust movement from starting position (left) to ending position (right).
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taught how to maintain good control of hip-dominated
movements during each training session.
The detailed description of the HTT program is
presented in Table 1. The 8-week training program
included three stages, which focused on enhancing
endurance, hypertrophy, and strength of the hip
extensors in sequence. We designed the progressive
training program according to published guidelines of
the American College of Sport Medicine [15]. During
the training period, the subjects were instructed to
maintain their usual daily activities and diet. No
additional training of the lower extremities was
performed during the 8 weeks. Following the 8 weeks
of training, the participants rested at least 3 days after
the last workout day of the program.
2.10 Statistical Analyses
Data are expressed as mean ± standard deviation
(SD). Baseline characteristics were assessed using the
independent sample t-test. An independent sample
t-test was also used to compare percentage changes in
Table 1
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outcomes between groups from pre-training to
post-training. Additionally, to determine the
relationship between squat strength gains and HT
strength gains in response to training, the percentage of
changes in these values of the training group was
analyzed using Pearson’s product correlations.
Statistical significance was accepted at P < 0.05 for all
tests.

3. Results
As shown in Table 2, there was no significant
difference between groups in any of the baseline
variables (P > 0.05). After training, significant (P <
0.05) improvements in squat strength and 3RM HT
strength were found, and the change in squat strength
(31% ± 15%) positively correlated with that in 3RM
HT strength (36% ± 16%) (r = 0.83, P < 0.05).
However, no significant improvements were found for
vertical jump, long jump, and 30-m sprint (P > 0.05).
Furthermore, no significant changes were observed in
any of the measured variables in the CON group.

The 8-week hip thrust training program.

Week
Load
(3RM)
Repetitions
Sets
Rest time (minutes)

1

2

3

4

5

6

7

8

50%

60%

70%

80%

80%

85%

85%

90%

20
4
1

15
4
1

15
4
1

12
4
1.5

12
4
1.5

10
4
2

8
4
2

6
4
2.5

Table 2 Changes in the strength and power performance from pre- to post-training and differences among groups.
HTT (N = 10)

CON (N = 10)

Change percentage
between-group
difference

Change
Change
Pre
Post
percentage
percentage
VJ (cm)
56.20 ± 7.13 57.00 ± 7.16 0.59
59.00 ± 8.77 59.59 ± 8.40 0.74
0.15
SLJ (cm)
260.50 ± 17.75 262.00 ± 17.68 -0.25
262.60 ± 17.96 264.70 ± 20.66 -1.50
1.25
30-m sprint (sec) 4.21 ± 0.27
4.19 ± 0.21
-0.25
3.99 ± 0.58 3.91 ± 0.46 2.63
2.88
Squat (kg)
84.00 ± 24.59 107.50 ± 23.60 30.77*
87.50 ± 23.36 89.50 ± 22.91 2.63
28.14#
HT (kg)
134.00 ± 43.58 178.00 ± 44.73 36.05*
130.00 ±22.36 133.00 ± 18.14 3.18
32.87#
Values are presented as Mean ± SD. HTT: Hip Thrust Training Group; CON: Control Group; VJ: Vertical jump; SLJ: Standing long
Jump; HT: Hip Thrust.
*Significant difference between pre- and post-training.
#
Significant difference in between-group change (percentage).
Pre

Post
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4. Discussion
The current study investigated the effects of 8 weeks
of HTT on the strength and power performance in
lower limbs of college baseball players. The principal
findings of this study were that this training program
can significantly enhance HT strength and squat
performance, and the increments in HT strength and
squat performance highly correlated (r = 0.83).
However, this training program failed to improve jump
and sprint performance.
Specific strength can be enhanced by a regular
resistance training program that targets a certain
muscle or movement [16]. The current study employed
an

8-week

HTT

program,

including

muscular

endurance training using light loads and high
repetitions for the first 3 weeks, for the purpose of
establishing hip movement control and hip extensor
endurance. The load was increased and the repetitions
decreased gradually for the next 5 weeks, which was
reflected during the transition of the training goal from
the muscle hypertrophy phase to the final goal of
strength gain. As expected, the HT 3RM strength
increased after 8 weeks of training. The increment was
36.05% on an average. This finding is similar to that of
Contreras et al. [13], who found a significant increase
(29.95%) in HT 3RM strength after 6 weeks of HTT.
The outcome measure of squat performance also
improved after our training program. It is noteworthy
that the participants in our study had experienced at
least 1 year of squat training, but the squat movement
was removed from regular training one month before
the HTT was initiated. In this study, following the
HTT, back squat strength greatly increased showing a
30.77% improvement on an average. The result is
similar to that of Contreras et al. [13], who
demonstrated a 6.63% improvement on an average in
front squat strength after 6 weeks of HTT. The greater
improvement in squat strength in our study than that
found by Contreras et al. [13] may be attributed to the
difference in assessment based on the squat types (back

squat vs. front squat). Previous studies indicated that
the ratio of hip-to-knee extensor moments increases
with increasing load during back squats [17]. This
implies that the hips occupy a more important role as
the load of squats becomes heavier. Moreover,
individuals often exhibited a greater trunk lean for the
back squat relative to the front squat [18], suggesting
that back squats load the hips more than front squats.
Therefore, the current study addressed the importance
of hip training while developing back squat strength,
and it is speculated that HT is more favorable for
developing back squat strength than front squat. In
addition, the training frequency and the total number of
training sessions should also be considered. Unlike our
study, which employed 36 training sessions, there were
only 12 training sessions (6 weeks of biweekly) in the
Contreras’s study. Similar but lesser increments were
found by Lake et al. [12], who reported a 12.03%
improvement in back squat strength after 6 weeks of
biweekly kettlebell swing exercise, which also
addresses the hip extensor muscles.
The improvement of hip extensor strength was
initially theorized to result in better power performance
of the lower extremities. Although hip extensors are
highly activated during sprint and functionally
important for powerful movements [19], there were no
changes in jumping and sprint performance after HTT
in our study. These results disagree with previous
studies that emphasized on hip extension training
movement using either HT or kettlebell swing exercise
[12, 13]. A possible explanation for the divergent
results could be the differences in both the mode used
and the subject characteristics. Regarding the training
mode because of safety concerns, our participants were
instructed to lift the barbell at moderate speed (1
second up, hold 1 second, and 1 second down).
However, it has been suggested that movement speed
occupies the central role when the training goal is to
enhance explosive performance [20, 21]. This is
termed as a velocity-specific adaptation. The
associated neural adaptations may include the selective
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activation of motor units and/or muscles, especially
with high-velocity alternating contractions. The HTT
in our current study lacked explosive movement, which
may not fit the training specificity for developing
power performance. In addition, the training load in our
study started at 20RM in the first week and gradually
increased load to 6RM at the last week. Traditionally,
1-6RM, 8-12RM, and 15-25RM loads are best trained
to maximize strength, hypertrophy, and muscular
endurance, respectively [22]. It appears that there was a
limited power-specific training phase in our training
mode. Regardless of movement speed, it should be
noted that HTT lacks in complex coordination. It is
likely that explosive performance is determined by a
more complex coordination of triple extension of the
hips, knees, and ankles. Therefore, our HTT mode,
which only addressed hip extension, lacked specificity
and thus may not have improved explosive
performance. Although the HT did not enhance power
performance effectively in our study, significant
increase in jump and sprint performance were observed
by Contreras et al. [13]. In the Contreras study they
recruited adolescent subjects. Scientific evidence
indicates that adolescents tend towards greater absolute
explosive power capacity gains due to growth and
maturation [23]. Experienced adult baseball players,
such as our subjects, may have less strength-training
improvement in power performance than adolescents

outcomes, thus, further research is required to add
power training element to the HT training program.
Despite of this limitation, the findings provide useful
information on strength improvement to HTT.

5. Conclusion
In conclusion, although the HTT program used in the
present study was neural to the power performance, the
back squat strength as well as HT strength was
dramatically increased, which may somewhat assist in
transferring strength to power performance later. It is
further suggested that future HT training study should
include power training element in the training program
to clarify the effect on power performance.
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