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Section I - Kinesiology

A Novel Approach to Improving Squat Jump Performance:
The Pre-Loaded Squat Jumps

by
Zhengqiu Gu 2, Zhili Chen 2, Kaifang Liao 3, Chris Bishop *, Chong Gao ?,
Fogen Zhong 2, Shengji Deng 2, Xinxin Wang ?, Jianxi Wei °, Yongming Li >%*

The present study aimed to explore the acute effects of a novel preloading strategy on squat jump (S]) kinetics
and kinematics from 0 to 50% body mass. Twenty-one male college athletes (mean + SD: age = 23.29 + 3.15 yrs, body
mass = 75.50 + 6.20 kg, body height = 178.07 + 6.45 cm and body fat content = 13.71 + 5.45%) completed three different
jump tasks across two testing sessions: a SJ, a preloaded SJ (10~-50% body mass) and a countermovement jump (CM]).
Applying preloading before the S] resulted in significant, trivial to small increases in jump height (Fi,15=3.76 , p=0.01,
n? = 0.16). However, there was no significant effect of preloading on peak power, peak force and peak velocity. The
maximum peak power (5128.28 +459.38 W vs. 5047.97 +447.67 W, p=0.04; g=0.17) and maximum peak force (1810.72
+150.35 Nvs. 1775.50 +155.54 N, p=0.03; g = 0.25) were reached at the load of 20% body mass, which was significantly
higher than in the S| with no preloading applied. Jump height, peak force and peak velocity in the 10-50% body mass
preloading S] tests were not significantly different from those in the CM]. Preloading before a S| results in meaningful
improvements in jump performance, particularly in peak power. Athletes in sports requiring high jump performance can
use preloading S] strategies to enhance lower limb explosive power and jump height.
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Introduction height (JH) and power output due to the stretch-
shortening cycle (SSC), showing increases of ~7 cm
) ) and 7194 W, respectively, compared to the SJ
for successful performance in various sports (e.g, (Bobbert et al., 1996; Earp et al., 2010; Kabacinski et

volleyball and basketball), serving as a key al., 2022; Mackala et al., 2013). SSC efficiency is
indicator for evaluating and improving lower limb

explosive power in athletes (Baker, 2002; Pojskic et
al.,, 2024). Enhancing vertical jump performance
has been a prevalent topic among coaches and
athletes for years (Handford, 2021; Suchomel et al.,
2017). The countermovement jump (CM]J) and the

§quat jump (5]) are two commonly used' vertical concentric prescription, enhancing performance
jump tasks (Loturco et al., 2024). The CM] mvolx.zes without interrupting natural movement mechanics
a downward movement followed by an explosive (Suchomel et al., 2024; Wagle et al., 2017). Previous

upward acceleration, while the SJ requires holding studies have shown that AEL in the CMJ, achieved
a half-squat position before a concentric-only

jump. The CM]J typically results in higher jump

Vertical jump ability is a critical component

often measured by the pre-stretch augmentation
index, with a smaller index indicating reduced
efficiency (Kozinc et al., 2022; Van Hooren, 2017).

Accentuated eccentric loading (AEL) is a
training method that incorporates loading the
eccentric portion of a movement in excess of

by holding weights and removing the load before
the concentric phase, can enhance JH and power
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output by an additional 2.1 cm and 439.6 W,
respectively (Sheppard et al., 2007). Training the
CM] with AEL has been shown to have superior
effects on JH, power, and velocity compared to
training with body mass alone (Sheppard et al.,
2008). Aboodarda et al. (2013) reported that using
elastic bands for AEL during the CMJ improved JH
by 4 cm, relative power output by 20.1 W/kg, and
relative net impulse by 0.58 N/s/kg. Applying AEL
in the CM]J results in greater eccentric velocity and
force, promoting stronger motor neuron
stimulation and enhancing the SSC effect,
potentially storing more elastic energy during the
eccentric phase, which is released during the
concentric phase (Sheppard et al., 2007).

Despite the SJ lacking an SSC component,
preloading strategies (e.g., maintaining a squatting
position with an additional load) may induce
heightened pre-activation of the agonist muscles.
From our prior training experience, preloading the
SJ with weight plates and dropping the load before
the take-off has shown better jump performance
compared to the SJ alone. This preloading
approach may generate greater ground reaction
force (GRF) and its effectiveness could be
influenced by the CM]J-SJaitt, providing a new
technique for improving vertical jump ability and
lower body power output (Baz-Valle et al., 2019).
Power output varies across exercises and loads,
with the optimum power load maximizing power
output in a given exercise, crucial for athletic
training (Loturco et al., 2021). Training with loads
that optimize external mechanical power can
significantly
performance (Wilson et al, 1993). However,
minimal research has investigated the optimum
power load for preloading the SJ, as well as the
performance of preloaded SJs under varying loads.
This gap in the literature may limit the practical
application of preloaded SJs in training and athletic
performance enhancement.

Therefore, the present study aimed to (a)
investigate the differences in JH, peak power (PP),
peak force (PF), and peak velocity (PV) of
preloaded SJ tasks (from 0 to 50% body mass), and
(b) compare these metrics between the CMJ and
preloaded SJs. We hypothesized that (a) jump-
related variables in preloaded SJ tasks would be
maximized at moderate loads (20-30% body mass),
and (b) there would be no significant differences
between moderate load preloading SJ tasks and the
CMJ.

improve  dynamic  athletic
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Methods

Participants

Twenty-three physically active sport science
students voluntarily participated in this study and
21 students (age = 23.29 + 3.15 yrs, body mass =
75.50 + 6.20 kg, body height =178.07 + 6.45 cm and
body fat content = 13.71 + 5.45%) completed all
tests, while two students dropped out for personal
reasons. Participants were recruited through
recruitment posters. Sample size was estimated a
priori using G*Power 3.1 with an effect size of 0.5
(based on previous research by Aboodarda et al.,
2013), an alpha level of 0.05, and a statistical power
of 0.80; the calculated required sample size was 6
participants. The inclusion criteria for this research
were as follows: regular engagement in physical
exercise, a squat 1RM equal to or exceeding 1.5
times body mass, no history of hypertension or
cardiac medical issues, and no debilitating sports-
related injuries that adversely affected physical
activity within the preceding year. All participants
were informed about the potential risks and
discomforts associated with this study and
provided informed consent by signing a form. The
Shanghai University of Sport Ethics Committee,
Shanghai, China, approved the research (protocol
code: 102772023RT102; approval date: 24 October
2023).

Design and Procedures

This study employed a randomized
repeated-measure design to identify whether
preloading the SJ using dumbbells would improve
jump performance as the CM]. Subjects
participated in three laboratory sessions over a
two-week period, which included a familiarization
session, a S] and CM] test session, and a preloading
SJ test session. There was a recovery period of at
least 48 h between each test. To ensure consistency
under testing conditions, participants were
instructed to wear the same style of shoes and
shorts during all trials. The tests were conducted at
the same time of the day in a controlled laboratory
environment with constant temperature and
humidity. Concurrently, verbal encouragement
was provided to elicit participants' exhibition of
their maximal vertical jumping capacity.
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Familiarization Session

Before data  collection, participants
underwent a familiarization session to obtain
anthropometric data and acquaint themselves with
the different jump protocols employed in the
study. Body height (cm) and mass (kg) were
measured using a standard stadiometer and a
scale, respectively. Body composition was
determined  through
absorptiometry (QDT-4500, Hologic, American).

dual-energy  X-ray

Participants warmed up by running on an indoor
track for 10 min, with the perceived effort rated at
approximately 12 on the RPE (Rating of Perceived
Exertion) 6-20 scale. Then, participants performed
dynamic stretching for 10 min. After the warm up,
participants were instructed to place their hands
on the sides of their body, executing a squat until
reaching a knee joint angle at about 90° and
maintaining this posture for the purpose of
acclimatization. Participants then practiced
different jump protocols in the following order:
standard SJ tests, followed by preloaded §J tests
using dumbbells with loads ranging from 0 to 50%
body mass, and finally standard CM]J tests. Trials
continued until participants achieved technical
proficiency in the three jump techniques, as
determined by the research team.

SJ and CM] Test Session

The SJ and CM]J tests were conducted within
a single session, starting with 10 min of running
and 10 min of whole-body dynamic stretching.
Then, 10 SJ and 10 CM] trials were performed
before the actual test. Participants changed into
standardized footwear and shorts, and four 14 mm
reflective markers were affixed to the anterior
superior iliac spine (ASIS) and the posterior
superior iliac spine (PSIS) on both sides during a
10-min rest interval. Afterwards, participants
preformed three standard S] and CM] trials on two
force plates (500 x 600 x 50 mm, 9260AA, Kistler,
Switzerland), with a 2-min rest interval between
each trial. During the standard SJ test, participants
were required to stand upright on the force plates
with their hands on their hips throughout the
jump. Subsequently, the participant was instructed
to squat to a position where the knee joint was
flexed at about 90° angle and to maintain this
posture for 2-3 s, followed by a maximum jump.
During the standard CM]J test, participants were
required to stand upright on the force plate with
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their hands at a position slightly above the ASIS
throughout the jump as well. They were then
instructed to perform a counter-movement to a
position where the knee joint was flexed at about
90° angle and jump as high as possible
immediately.

Preloaded S] Test Session

The same warm up as for the S] and CM] test
session was executed before testing. After
changing attire and markers, participants
preformed a series of preloaded SJ tests with loads
ranging from 10 to 50% body mass. The load
conditions were randomized, and each condition
comprised two trials, with the better result selected
for subsequent analysis. A two-min rest interval
between consecutive trials was allowed to
minimize fatigue-related effects. During the
preloaded SJ test, participants held a dumbbell in
each hand while standing on two force plates.
Subsequently, participants were instructed to
squat to a position where the knee joint was flexed
at about 90° angle and to maintain this posture for
2-3 s, Then, dumbbells were dropped and
participants performed a maximum jump
immediately. On the outside of the two force
plates, steel frames were positioned to protect the
force plates (Figure 1). These frames were covered
with a layer of sponge padding to provide
cushioning upon dumbbell release. Another
function of these frames was to facilitate a natural
movement when participants dropped the
dumbbells.

The kinetic data were collected using two
force plates, while kinematic data were captured
by 10 optoelectronic cameras (V5, Vicon, UK)
throughout all jump tests. The force plates were
connected to the data processing system box and
the Vantage box of Vicon for data synchronization.
To address missing marker data, a gap-filling
procedure was implemented utilizing rigid body
methods. The sampling frequency for both
kinematics and kinetics was set at 200 Hz,
kinematics data were smoothed using a low-pass
Butterworth filter with a cut-off frequency of 10 Hz
and smooth frequency of kinetic data were 50 Hz
by C-Motion Visual 3D 3.0 software. The global
coordinate system was defined, where the Z-axis
denoted the vertical axis, and solely the data along
the vertical axis were utilized for subsequent
analysis. In all jump tests, pelvic velocity was used
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to represent the body velocity, and the concentric
phase was defined from the lowest point of the
pelvis on the Z-axis to the ground reaction force
(GRF) being less than 20 N. The flight time was
defined as the period from the take-off GRF in the
Z-axis (less than 20 N) to the landing (more than 20
N). The following variables were calculated:
vertical GRF, vertical velocity, vertical power
(vertical GRF x vertical velocity), jump height
(calculated as 9.81 x flight time?/8) (Aboodarda et
al., 2014).

Statistical Analysis

Descriptive statistics were calculated and
reported as means + standard deviation. Normality
of data distribution was examined by the Shapiro-
Wilk test. The reliability of the jump tests was
evaluated with a two-way random intraclass
correlation coefficient (ICC) with 95% confidence
intervals (Cls), a coefficient of variation (CV) with
95% CI and the standard error of measurement
(SEM) (Table 1). To assess the effects of preloading
on JH, PP, PF, and PV in the SJ across varying loads
from 0% to 50% of body mass, repeated measures
ANOVA was employed. The LSD post hoc tests
were then used to identify specific loading
conditions under which preloading significantly
altered performance compared to the SJ. Paired
samples t-tests with Hedges’ g effect sizes (ES), also
with 95% CI, were used to compare the differences
between the CM] and each of preloaded SJ tasks.
The magnitude of Hedges” ¢ ES was interpreted
with the following thresholds: 0.20 < (trivial), 0.20-
0.49 (small), 0.50-0.79 (moderate), > 0.80 (large)
(Lloyd et al., 2022). All statistical procedures were
computed using SPSS software (version 27.0, SPSS,
USA). The significant level was set at p <0.05.

Results

Thirteen (61.9%) participants demonstrated
a positive value for the CMJ-SJi, i.e., greater JH in
the CMJ compared to the SJ. Participants were
divided into two groups based on their CM]J-S]uit
values. Specifically, the ten participants with the
highest CMJ-SJaitt values among all 21 participants
were classified as the high CM]J-SJaitt group, while
the ten participants with the lowest CM]J-S]ais
values were classified as the low CM]J-SJaitt group.
To maintain equal group sizes, the participant
ranked 11t was not assigned to either group.
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Preloaded SJ vs. S]

In the preloaded SJ test, there was a
significant effect of preloading on JH (Fe15 = 3.76,
p = 0.01, n? = 0.16), the load of 40% body mass
maximised JH (0.46 + 0.05 m vs. 0.44 + 0.05 m, p <
0.001; g = 0.44) across all conditions, and SJs
preloaded with 10-50% body mass were all
significantly higher than the SJ (p < 0.05; g = 0.24-
0.44). However, there was no significant effect of
preloading on PP (Fe,15 = 2.34 , p = 0.09, n)2 = 0.42).
The maximum PP (5128.28 + 459.38 W vs. 5047.97 +
447.67 W, p=0.04; g =0.17) was achieved at the load
of 20% body mass, and SJs preloaded with 20-30%
body mass were significantly higher than the SJ (p
< 0.05; g = 0.17). There were also no significant
effect of preloading on PF (Fs15 = 1.63, p=0.18, 12
=0.08) and PV (Fi15 = 0.93, p = 0.45, )2 = 0.04). The
maximum PF (1810.72 + 150.35 N vs. 1775.50 +
155.54 N, p =0.03; g =0.25) was obtained at the load
of 20% body mass and was significantly higher
than that of the SJ. The maximum PV (3.28 + 0.18
m/s vs. 3.26 = 0.19 m/s, p = 0.07; g = 0.18) was also
observed at the load of 20% body mass, yet the
difference was not significant when compared to
the SJ.

In the high CM]J-Sjair group (CMJ-Slaitr =
0.03-0.21), JH for 10-40% body mass preloaded S]s
was significantly higher compared to the SJ (p <
0.05). Also the PP for SJs preloaded with the load
of 20-40% body mass was significantly higher
compared to the SJ (p < 0.05). Considering PF of SJs
where a 10% and 30% body mass preloading
strategy was applied, it was significantly higher
under all preloaded conditions compared to the SJ
(p <0.05). With regard to PV for 20% and 40% body
mass preloaded SJs, the obtained values were all
significantly higher than those of the SJ (p < 0.05).

In the low CM]-Slait group (CMJ-SJaitt =
-0.13-0.02), only JH in 30% body mass preloaded
SJs was significantly higher than in the SJ (p <0.05).

Preloaded SJ vs. CM]

In the preloaded SJ test, PP at a load of 20-
40% body mass was significantly higher than in the
CM] (p < 0.05; g =0.30-0.33). JH (0.45 + 0.05 m), PF
(1778.31 +221.61 N) and PV (3.30 + 0.18 m/s) in the
10-50% body mass preloaded S] tests were not
significantly different from those in the CM]J.

In the high CMJ-SJait group, JH in the 50%
body mass preloaded S] was significantly lower
than in the CMJ (p = 0.04). PP, PF and PV values in
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the high CM]J-SJaitt group of 10-50% body mass
preloaded SJs were not significantly different from
those of the CM]J.

On the other hand, in the low CM]J-Sait
group, JH in 30-50% body mass preloaded SJs was
significantly higher than in the CMJ (p < 0.01).

Other values in the low CM]J-SJaitr group at 10-50%
body mass preloaded SJs were not significantly
different from those obtained performing the CM]J.

Table 1. Intraclass correlation coefficients for peak VGRF, peak power, velocity, and jump height
for the CM]J, the SJ and the preloaded SJ.

Condition ICC (95% CI) CV % (95% CI) SEM
Jump height (m)
CMJ 0.93 (0.84, 0.97) 9.91 (5.67, 14.15) 0.01
SJ 0.96 (0.90, 0.98) 12.12 (6.93, 17.30) 0.01
10% BM Preloaded SJ 0.96 (0.91, 0.99) 13.05 (7.47, 18.63) 0.01
20% BM Preloaded SJ] 0.95 (0.87, 0.98) 11.05 (6.32, 15.77) 0.01
30% BM Preloaded SJ 0.91 (0.79, 0.96) 10.01 (5.73, 14.28) 0.01
40% BM Preloaded SJ 0.96 (0.90, 0.98) 10.28 (5.88, 14.68) 0.01
50% BM Preloaded SJ 0.90 (0.77, 0.96) 9.61 (5.50, 13.72) 0.01
Peak power (W)
CMJ 0.99 (0.96, 0.94) 9.97 (5.71, 14.24) 49.16
SJ 0.95 (0.89, 0.98) 8.77 (5.02, 12.52) 98.17
10% BM Preloaded SJ 0.95 (0.87, 0.98) 9.01 (5.16, 12.87) 101.61
20% BM Preloaded SJ] 0.95 (0.88, 0.98) 8.98 (5.14, 12.82) 101.83
30% BM Preloaded SJ 0.92 (0.80, 0.97) 7.94 (4.54, 11.33) 113.68
40% BM Preloaded SJ] 0.96 (0.91, 0.98) 8.64 (4.94, 12.33) 87.71
50% BM Preloaded S 0.96 (0.91, 0.99) 9.25(5.29, 13.20) 92.63
Peak force (N)
CMJ 0.98 (0.95, 1.00) 12.43 (7.11, 17.74) 31.12
SJ 0.94 (0.86, 0.98) 9.45 (5.41, 13.49) 37.10
10% BM Preloaded SJ 0.90 (0.78, 0.96) 7.99 (4.57,11.41) 39.76
20% BM Preloaded SJ] 0.96 (0.89, 0.98) 9.69 (5.55, 13.84) 31.45
30% BM Preloaded SJ 0.94 (0.85, 0.97) 8.19 (4.69, 11.70) 33.23
40% BM Preloaded SJ] 0.90 (0.78, 0.96) 8.47 (4.84, 12.09) 4493
50% BM Preloaded SJ 0.86 (0.70, 0.94) 8.59 (4.92, 12.27) 52.49
Peak velocity (m/s)
CMJ 0.92 (0.82,0.97) 5.10 (2.92, 7.29) 0.05
SJ peak velocity (m/s) 0.91 (0.80, 0.96) 5.78 (3.31, 8.25) 0.06
10% BM Preloaded SJ 0.94 (0.85, 0.97) 5.97 (3.42, 8.52) 0.05
20% BM Preloaded SJ 0.90 (0.78, 0.96) 5.31 (3.04, 7.59) 0.06
30% BM Preloaded SJ 0.90 (0.76, 0.96) 4.84 (2.77,6.91) 0.05
40% BM Preloaded SJ] 0.91 (0.80, 0.96) 498 (2.85,7.11) 0.05
50% BM Preloaded SJ 0.91 (0.79, 0.96) 5.08 (2.91, 7.26) 0.05

Abbreviations: CM]: countermovement jump, SJ: squat jump, CI: confidence interval, ICC: intraclass correlation

coefficient, CV: coefficient of variation, SEM: standard error of measurement
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Table 2. Hedges g effect sizes with 95% confidence intervals and rating between
the preloaded S] and bodyweight SJ condition.

Condition

Jump height (m)

Peak power (W)

Peak force (N)

Peak velocity (m/s)

10% BM Preloaded SJ & SJ

20% BM Preloaded SJ & SJ

30% BM Preloaded SJ & SJ

40% BM Preloaded SJ & SJ

50% BM Preloaded SJ & SJ

0.24 (-0.39, 0.87)
small

0.25 (-0.38, 0.88)
small

0.42 (-0.21, 1.06)
small

0.44 (-0.19, 1.07)
small

0.32 (-0.31, 0.95)
small

0.03 (-0.59, 0.66)
trivial

0.17 (-0.45, 0.80)
trivial

0.17 (-0.45, 0.80)
trivial

0.14 (-0.49, 0.76)
trivial

-0.01 (-0.64, 0.61)
trivial

0.20 (-0.43, 0.82)
small

0.25 (-0.38, 0.88)
small

0.23 (-0.40, 0.86)
small

0.20 (-0.43, 0.82)
small

0.09 (-0.54, 0.71)
trivial

0.14 (-0.49, 0.76)
trivial

0.18 (-0.44, 0.81)
trivial

0.13 (-0.49, 0.76)
trivial

0.16 (-0.46, 0.79)
trivial

0.02 (-0.61, 0.64)
trivial

Abbreviations: S] = squat jump. Note: values in bold indicate a significant difference (p < 0.05)

from the body weight S| condition

Figure 1. Sequence of preloading the SJ. Steel frames were outside the two force plates.
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Figure 2. Jump height, peak power, peak force and peak velocity value
in the counter-movement jump, the squat jump and the preloaded squat jump
with various loads applied.
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#significantly different from the CM] (p < 0.05), # significantly different from the CM] (p < 0.01)
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Discussion

The current study aimed to examine the
jump performance differences among preloaded SJ
tasks applying the load from 0 to 50% body mass.
The primary findings indicated that implementing
a preloading strategy before the SJ resulted in
small, but significant increases in JH. Although
there was no significant effect of preloading on PP,
PF and PV, the load that maximized PP and PF was
significantly higher than that observed under the
SJ condition alone. JH, PF and PV in all preloaded
SJ tests were not significantly different from those
obtained in the CM]. These findings support the
initial hypothesis that preloading the SJ enhances
jump performance, although with non-significant
differences between preloaded S] tasks and the
CMJ.

The results of current study reveal that
applying preloading before the take-off in a SJ is an
effective method for enhancing jump performance,
resulting in a JH similar to that of the CMJ.
However, the improvements in performance did
not continuously increase along with additional
loads. The greatest improvements were observed
when the load applied was low (i.e., 10% body
mass), and then decreases in performance were
observed when the load became larger. In addition,
the maximum values for each metric did not occur
at the same load. Previous research has indicated
that JH during both the CM] (4.3-10.5%)
(Aboodarda et al., 2013; Sheppard et al., 2007) and
the DJ (11.5%) (Aboodarda et al.,, 2014) can be
enhanced by the addition of AEL. The present
study found that preloading before a S] can
enhance JH by 5.0% at a load of 40% body mass.
The proposed mechanism for this enhancement is
that maintaining a squat position with an
additional load during the S] generates greater
neural stimulation of the agonist muscles, resulting
in supra-normal afferent nerve impulses to the
central nervous system (Sheppard et al., 2007). This
supra-normal input signal leads to increased
efferent pulses in the extrafusal fibers, thereby
enhancing jump performance. The transition from
a standing to a squat position with an additional
load during the SJ may elicit a greater number of
actin-myosin binding sites for cross-bridge
formation (Bobbert et al, 2005). Despite being
maintained for only 2-3 s before the concentric
phase commences, these additional cross-bridges
may exert influence during the start of the
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concentric phase, thereby enhancing JH. That said,
it should be noted that further research is needed
to fully corroborate this theory.

The current study observed that, under the
20% body mass load, PF was maximized and was
significantly higher than under the S] only
condition. Although the maximum PV was not
significantly ~higher under the preloading
condition, there was a trend towards higher
values, with ES from 0.02 to 0.18. This finding
underscores the contribution of an additional load
during the preloaded SJ. The squat depth
requirements remained consistent under both
conditions at all loads, suggesting that preloading
the SJ induces higher leg stiffness than during a SJ
only condition. Consequently, more elastic energy
may be stored within the muscle-tendon unit and
passive tendon collagen (Fukutani et al., 2017;
Kemmel et al., 2018). Previous studies have found
that force enhancement is observed during active
lengthening, known as residual force enhancement
(Seiberl et al.,, 2021), and can influence muscle
contraction dynamics for a period as long as 20 s
(De Campos et al., 2022). In the present study,
jumping was performed after active lengthening
for 2-3 s, suggesting the potential existence and
influence of residual force enhancement on
contraction dynamics. Considering the importance
of power in many sports, this study found that the
PP in 20% and 30% body mass preloading SJs was
significantly higher than in the SJ only condition
and the CMJ. Power was calculated as the product
of force and velocity, and although the PF and PV
in the CMJ were not significantly different from
those in the preloaded SJ condition, both values
presented lower trends, resulting in significantly
lower PP during the CMJ] when calculated
thereafter. Argus et al. (2011) found that both
assisted and resisted jumps using elastic bands did
not improve CM] power, suggesting that
preloading the SJ could be a preferable training
method for enhancing power output.

The CM]J-SJaitt in the present study was 2.9 +
9.1% (-13.1-21.3), which differs from previous
research that reported a 13.0-14.0% CM]J-S]aitt
among physical education students (Kozinc et al.,
2022). Sampling errors might be a contributing
factor to the observed discrepancies. Of note, the
large standard deviation and individual variance
observed in our findings suggest significant
fluctuations in the CM]J-SJair within our sample,
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which may indicate that data should be analyzed
on a more individualized basis. The group with a
high CM]J-SJaittsignificantly improved JH at 10-40%
body mass (g = 0.43-0.71), whereas the group with
a low CMJ-SJaitr significantly improved JH only at
30% body mass (g = 0.26), suggesting those
participants were less able to benefit from the
preloading strategy.

Generally, the CMJ exhibits better jump
performance compared to the SJ—largely due to
the SSC, with the underlying mechanisms of this
phenomenon attributed to both neural and
muscular factors. Preloading a SJ, which also
improves jump performance, can be explained
through the same aspects, suggesting a potential
similarity in their mechanisms. Furthermore, the
observation that the group with a high CM]J-S]ait
could more effectively utilize the load before the SJ
supports this hypothesis.

There are some limitations of this study
which should be acknowledged. First, the selection
of the load to be applied was not based on the
percentage of maximum lower limb strength.
However, we opted to select the load based on the
percentage of participants’ body mass, taking into
account individual differences. This approach was
chosen due to its practicality, as it is easier to
calculate and obtain the load based on a percentage
of body mass. Moreover, it is a commonly used

method for calculating the optimum power load.
Consequently, our results are more readily
generalizable. Second, the findings of the present
study are based on a sample of male sport science
students, which may limit the generalizability of
the results to other populations, such as female
athletes or sedentary individuals. Future research
should investigate whether preloading can
enhance the S] performance in various
populations. Additionally, future studies should
examine the effectiveness of training with
preloading the SJ to improve jump performance.

Conclusions

The findings of this study indicate that
preloading before a SJ results in meaningful
improvements in jump performance, particularly
in peak power. Athletes in sports requiring
jumping performance can use preloaded SJ
strategies to enhance lower limb explosive power
and jump height. For athletes aiming to improve
vertical jump performance, using a load of 30-50%
body mass for training is recommended. However,
for athletes focusing on enhancing lower limb
explosive power, a training load of 20-30% body
mass is suggested.

Author Contributions: Conceptualization: Z.G.; methodology: Y.L. and C.B.; software: Z.C. and K.L.;
validation: Z.G., Y.L. and C.B.; formal analysis: Z.G.; investigation: F.Z.; resources: S.D.; data curation: C.G;
writing —original draft preparation: Z.G.; writing—review & editing: Z.G. and X.W.; visualization: J.W.;
supervision: S.D.; project administration: Y.L. All authors have read and agreed to the published version of

the manuscript.

ORCID iD:

Zhengqiu Gu: 0000-0003-3651-7880
Chris Bishop: 0000-0002-1505-1287

Funding Information: This research was funded by research on a velocity-based training quantitative
evaluation system for resistance load in the elderly and its application, grant number 23YJC890023.

Institutional Review Board Statement: This study was conducted following the principles of the Declaration
of Helsinki, and approved by the Institutional Ethics Committee of the Shanghai University of Sport, Shanghai,
China (protocol code: 102772023RT102; approval date: 24 October 2023).

Informed Consent: Informed consent was obtained from all participants included in the study.

Conflicts of Interest: The authors declare no conflict of interest.

Acknowledgements: Special thanks to all the participants for their invaluable support in this study.

Received: 12 April 2024

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0

license.



36 A novel approach to improving squat jump performance

Accepted: 04 February 2025

References

Aboodarda, S.]., Byrne, J. M., Samson M, Wilson, B. D., Mokhtar, A. H., & Behm, D. G. (2014). Does performing
drop jumps with additional eccentric loading improve jump performance? Journal of Strength and
Conditioning Research, 28(8), 2314-2323. https://doi.org/ 10.1519/JSC.0000000000000498

Aboodarda, S. J., Yusof, A., Osman, N. A., Thompson, M. W., & Mokhtar, A. H. (2013). Enhanced performance
with elastic resistance during the eccentric phase of a countermovement jump. International Journal of
Sports Physiology and Performance, 8(2), 181-187. https://doi.org/10.1123/ijspp.8.2.181

Argus, C. K, Gill, N. D., Keogh, J. W., Blazevich, A. J., & Hopkins, W. G. (2011). Kinetic and training
comparisons between assisted, resisted, and free countermovement jumps. Journal of Strength and
Conditioning Research, 25(8), 2219-2227. https://doi.org/10.1519/JSC.0b013e3181{6b0f4

Baker, D. (2002). Differences in strength and power among junior-high, senior-high, college-aged, and elite
professional rugby league players. Journal of Strength and Conditioning Research, 16(4), 581-585

Baz-Valle, E., Schoenfeld, B. J., Torres-Unda, J., Santos-Concejero, J., & Balsalobre-Fernandez, C. (2019). The
effects of exercise variation in muscle thickness, maximal strength and motivation in resistance trained
men. PloS One, 14(12), e0226989. https://doi.org/10.1371/journal.pone.0226989

Bobbert, M. F., & Casius, L. J. R. (2005). Is the effect of a countermovement on jump height due to active state
development?.  Medicine  and  Science  in  Sports = and  Exercise, 208, = 440-446.
https://doi.org/10.1249/01.mss.0000155389.34538.97

Bobbert, M. F., Gerritsen, K. G., Litjens, M. C., & Van Soest, A. ]. (1996). Why is countermovement jump height
greater than squat jump height?. Medicine and Science in Sports and Exercise, 28, 1402-1412.
https://doi.org/10.1097/00005768-199611000-00009

de Campos, D., Orssatto, L. B., Trajano, G. S., Herzog, W., & de Brito Fontana, H. (2022). Residual force
enhancement in human skeletal muscles: A systematic review and meta-analysis. Journal of Sport and
Health Science, 11(1), 94-103. https://doi.org/10.1016/.jshs.2021.05.006

Earp, J. E., Kraemer, W. J., Newton, R. U., Comstock, B. A., Fragala, M. S., Dunn-Lewis, C., Solomon-Hill,
G., Penwell, Z. R., Powell, M. D., Volek, J. S., Denegar, C.R., Hikkinen, K., & Maresh, C. M. (2010).
Lower-body muscle structure and its role in jump performance during squat, countermovement, and
depth drop jumps. Journal of Strength and Conditioning Research, 24(3), 722-729.
https://doi.org/10.1519/JSC.0b013e3181d32c04

Fukutani, A., Misaki, ]., & Isaka, T. (2017). Both the elongation of attached crossbridges and residual force
enhancement contribute to joint torque enhancement by the stretch-shortening cycle. Royal Society
Open Science, 4(2), 161036. https://doi.org/10.1098/rs0s.161036

Handford, M. J., Rivera, F. M., Maroto-Izquierdo, S., & Hughes, J. D. (2021). Plyo-accentuated eccentric loading
methods to enhance lower limb muscle power. Strength and Conditioning Journal, 43(5), 54-64.
https://doi.org/10.1519/SSC.0000000000000635

Kabacinski, J., Szozda, P. M., Mackala, K., Murawa, M., Rzepnicka, A., Szewczyk, P., & Dworak, L. B. (2022).
Relationship between isokinetic knee strength and speed, agility, and explosive power in elite soccer
players. International Journal of Environmental Research and Public Health, 19(2), 671.
https://doi.org/10.3390/ijerph19020671

Komi, P. V. (2000). Stretch-shortening cycle: a powerful model to study normal and fatigued muscle. Journal of
Biomechanics, 33(10), 1197-1206. https://doi.org/10.1016/s0021-9290(00)00064-6

Kozine, Z., Zitnik, J., Smajla, D, & Sarabon, N. (2022). The difference between squat jump and
countermovement jump in 770 male and female participants from different sports. European Journal of
Sport Science, 22(7), 985-993. https://doi.org/10.1080/17461391.2021.1936654

Kiimmel, J., Cronin, N. J., Kramer, A., Avela, J., & Gruber, M. (2018). Conditioning hops increase triceps surae
muscle force and Achilles tendon strain energy in the stretch-shortening cycle. Scandinavian Journal of
Medicine and Science in Sports, 28(1), 126-137. https://doi.org/10.1111/sms.12870

Journal of Human Kinetics, volume 100, January 2026 http://www.johk.pl




by Zhengqiu Gu et al. 37

Lloyd, R. S., Howard, S. W., Pedley, ]. S., Read, P. J., Gould, Z. I, & Oliver, J. L. (2022). The acute effects of
accentuated eccentric loading on drop jump kinetics in adolescent athletes. Journal of Strength and
Conditioning Research, 36, 2381-2386. https://doi.org/10.1519/JSC.0000000000003911

Loturco, 1., Tacono, A. D., Nakamura, F. Y., Freitas, T. T., Boullosa, D., Valenzuela, P. L., Pereira, L. A., &
McGuigan, M. R. (2021). The optimum power load: A simple and powerful tool for testing and training.
International ~ Journal ~ of  Sports  Physiology ~ and  Performance, 17(2), 151-159.
https://doi.org/10.1123/ijspp.2021-0288

Loturco, L, Pereira, L. A., Moura, T. B., Mercer, V. P., Betelli, M. T., Ramos, M. S. ... & Pareja-Blanco, F. (2024).
Jump Squats Performed with Both Light and Heavy Loads Have Similar Effects on the Physical
Performance of Elite Rugby Players during the Initial Phase of the Competitive Period. Journal of
Human Kinetics, 91, 175-188. https://doi.org/10.5114/jhk/186340

Mackala, K., Stoddlka, J., Siemienski, A., & Coh, M. (2013). Biomechanical analysis of squat jump and
countermovement jump from varying starting positions. Journal of Strength and Conditioning Research,
27(10), 2650-2661. https://doi.org/10.1519/JSC.0b013e31828909%ec

Pojskic, H., Zombra, 7., Washif, J., & Pagaduan, J. C. (2024). Acute Effects of Loaded and Unloaded Whole-
Body Vibration on Vertical Jump Performance in Karate Athletes. Journal of Human Kinetics, 92, 203-
212. https://doi.org/10.5114/jhk/172637

Seiberl, W., Hahn, D., Power, G. A,, Fletcher, J. R., & Siebert, T. (2021). the stretch-shortening cycle of active
muscle and muscle-tendon complex: what, why and how it increases muscle performance?. Frontiers
in Physiology, 12, 693141. https://doi.org/10.3389/fphys.2021.693141

Sheppard, J., Hobson, S., Barker, M., Taylor, K., Chapman, D., McGuigan, M., & Newton, R. (2008). The effect
of training with accentuated eccentric load counter-movement jumps on strength and power
characteristics of high-performance volleyball players. International Journal of Sports Science and
Coaching, 3(3), 355-363. https://doi.org/10.1260/174795408786238498

Sheppard, J., Newton, R., & McGuigan, M. (2007). The effect of accentuated eccentric load on jump kinetics in
high-performance volleyball players. International Journal of Sports Science and Coaching, 2(3), 267-273.
https://doi.org/10.1260/174795407782233209

Suchomel, T.]., Cantwell, C. J., Campbell, B. A., Schroeder, Z. S., Marshall, L. K., & Taber, C. B. (2024). Braking
and Propulsion Phase Characteristics of Traditional and Accentuated Eccentric Loaded Back Squats.
Journal of Human Kinetics, 91, 121-133. https://doi.org/10.5114/jhk/185726

Suchomel, T. J.,, Comfort, P., & Lake, J. P. (2017). Enhancing the force-velocity profile of athletes using
weightlifting derivatives. Strength and Conditioning Journal, 39(1), 10-20.
https://doi.org/10.52082/jssm.2022.504

Van Hooren, B., & Zolotarjova, J. (2017). The difference between countermovement and squat jump
performances: a review of underlying mechanisms with practical applications. Journal of Strength and
Conditioning Research, 31(7), 2011-2020. https://doi.org/10.1519/J]SC.0000000000001913

Wagle, J. P., Taber, C. B., Cunanan, A. ., Bingham, G. E., Carroll, K. M., DeWeese, B. H., Sato, K., & Stone, M.
H. (2017). Accentuated eccentric loading for training and performance: A review. Sports Medicine, 47,
2473-2495. https://doi.org/10.1007/s40279-017-0755-6

Wilson, G. J., Newton, R. U., Murphy, A. J., & Humphries, B. J. (1993). The optimal training load for the
development of dynamic athletic performance. Medicine & Science in Sports & Exercise, 25(11), 1279-
1286.

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0
license.



