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Abstract

This study investigated the effects of lightweight wearable resistance on the kinetics and
kinematics of squat jumps (S]) and countermovement jumps (CM]J) with 2%, 4%, and 6%
body mass (BM). Twenty male athletes (age: 18.05 £ 0.6 years; weight: 76.4 £+ 7.6 kg;
height: 182.4 + 5 cm) were assessed on a force plate. Key variables included jump height
(JH), concentric (ConT) and eccentric (EccT) phase durations, concentric impulse (CI),
mean force (CMF), mean velocity (CMV), mean power (CMP), and relative metrics. Elastic
utilization ratios (EUR) were calculated to quantify stretch-shortening cycle enhancement.
Load led to decrements in both jumps but with varying sensitivity. With 2% BM the CM]
significantly reduced JH (—8.6%), EccT (—7%), CMV (—4.1%), rCI (—4.1%), tPP (—4.4%),
and velocity at PP (—4.8%), whereas variables in the SJ were non-significant until 4-6%
BM. EURs observed the greatest differences with 2% BM with JH, CMV, rCMP, and VPP all
significantly decreasing (p < 0.05). The varying sensitivity to load across variables observed
in the two jumps supports the hypothesis that S] and CM] offer distinct diagnostic insights
due to varying MTU contraction dynamics and neural factors. This has implications for WR
use in training. Further, absolute metrics showed limited load sensitivity. However, when
accounting for body mass, relative metrics revealed substantial declines. This indicates
absolute values can misrepresent the effects of WR loading.

Keywords: stretch-shortening cycle; squat jump; countermovement jump; wearable resistance

1. Introduction

The stretch-shortening cycle (SSC) is a naturally occurring muscle function process
essential for powerful athletic movements. SSC-involved movements feature an initial
eccentric contraction, a brief amortization phase, and a potentiated concentric contraction.
This eccentric phase, exemplified by a countermovement, lengthens the muscle-tendon
unit (MTU), enhancing subsequent concentric velocity, force, and/or power output [1-6].

Mechanical (elastic energy storage and reutilization) and neural factors (stretch reflexes
and pre-activation) enhance SSC performance [7], though their relative contributions remain
debated and task-dependent [7-9]. Regardless, performance enhancement observed with
SSC movements can partly be attributed to the ability of the structural elements of the
MTU to store energy during the eccentric phase and reutilize this stored energy during the
concentric phase [2].

The theoretical framework provided by Hill’s three-component model (TCM) [10]
provides valuable insights into the mechanical force transmission of the muscle-tendon
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unit (MTU) in the SSC. The TCM consists of three elements: the contractile component
(CC) which generates active force; the series elastic component (SEC) which transmits force
through elastic tissues such as tendons; and the parallel elastic component (PEC) which
is made up of connective tissues such as the endomysium, perimysium and epimysium.
Although the CC, SEC and PEC cannot be isolated, their contribution and interaction are
influenced by the specific characteristics of the athletic movement [11-13].

Two movements commonly utilized to assess the SSC are the squat jump (SJ) and
countermovement jump (CM]J). The CM] has been shown to lead to greater jump height (JH),
force, and power when compared with SJ [1,3,6,7,14-16]. This performance enhancement
of the CMJ when compared to the SJ is due to how these two jumps are performed. The
SJ is characterized by a pause for 3—4 s following an athlete’s descent into the squat
position before executing the jump, dissipating stored elastic energy as heat [17]. As
no eccentric contraction precedes the jump, the SJ serves as a baseline measure of an
athlete’s capacity to concentrically produce force utilizing the CC. In contrast, the CM]J is
characterized by its countermovement with a total contraction time varying from 350 to 1300
ms [7,15,18], therefore the CM] is commonly classified as a slow SSC movement [7,19,20]
and theoretically involve elastic tissues in the SEC and PEC to varying degrees, depending
on the depth and velocity of the movement.

Various training strategies have been utilized to improve lower body SSC capabilities.
One common method to improve the vertical jump (V]) is through the addition of load. An
important consideration when loading VJs is that any additional load needs to be sufficient
to enable a training effect, without being too great that it effects the elastic potential of
the SSC [21]. However, with the addition of load the entire power-, force-, and velocity-
time curves are affected [22]. It has been observed that loaded V]Js are executed at slower
velocities when compared to VJs without additional load [23]. Further, load can affect
the V] technique as evidenced by a smaller countermovement and attenuated eccentric
phase [24]. Despite this decreased countermovement depth, the duration of the concentric
phase has been shown to increase with load [24].

The interaction of the TCM during a V] is task and load dependent [25]. There is,
however, a lack of understanding of the effects of load on the S] and CM]J through the lens
of Hill’s TCM. Earp et al. [25] observed in vivo that tendon strain decreases significantly
during the SSC as loading increases. It is thought that the SEC acts as a power amplifier at
lighter loads, whereas at heavier loads the tendon becomes a more rigid force transducer.
Due to this, the contribution of the SSC to power output decreases with heavy loading [8].
Utilizing lighter loads has been shown to lead to faster concentric/eccentric phases and
shorter amortization time [8] which may provide a training effect without impairing
the SSC. As the performance of the S] and CM] rely on different mechanisms and have
varying MTU contraction dynamics, the effects of load on these two jumps are likely
to vary.

The application of external load in V] has previously been achieved through vari-
ous methods, such as barbells on the shoulders [26,27], elastic resistance [28], handheld
weights [29], or wearable resistance (WR) [30]. WR, utilizing micro-loads attached to the
body via compressive garments, allows sport-specific movements with enhanced training
specificity [30]. Researchers have highlighted WR’s potential in diverse athletic contexts,
including improved sprint performance in track sprinters [31], change of direction in soccer
players [32], and throwing velocity in handball players [33]. These findings underscore
WR’s ability to support high-velocity movements. Further, Macadam et al. [30] reported
significant reductions in CMJ performance (12-17% reduction in jump height, p < 0.05) with
3% and 6% BM WR loads. This large reduction suggests that even lighter loads, such as
2% BM, may also affect the CM]J. However, there is a lack of investigation into the effects
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of light weight WR on the S] and CM]J with their various contraction dynamics, differing
reliance on the various components of the TCM, and neural factors.

Given the distinct nature of each jump, the primary aim of this study is to further
understand how light external load affects the kinetics and kinematics of the S] and CM]J
at 2%, 4%, and 6% BM. These loads were selected to investigate thresholds for acute
adaptations. Notably, the 2% BM load extends below the 3% BM examined by Macadam
et al. [30], whereas the 6% BM load represented the heaviest practical option with our
lower-limb loading setup (Lila™ Exogen™ suits), balancing feasibility with progressive
increments. It is hypothesized that due to the varying movement requirements of these
two jumps, the load dependent responses may differ between these jumps. It is further
hypothesized that with increasing load there is a detrimental effect on SSC performance
and therefore the CM] will decrease at a greater rate than the SJ.

2. Materials and Methods
2.1. Experimental Approach

Experimental approach: An experimental cross-sectional design was used to investi-
gate the effect of additional load (0%, 2%, 4%, and 6% BM) on the kinematics and kinetics
of the SJ and CM]J.

2.2. Participants

Twenty male athletes from various sports (age: 18.05 & 0.6 years; weight: 76.4 & 7.6;
height: 182.4 &+ 5 cm) volunteered to participate in this study. All participants were
free of any medical issues or injuries that could have compromised their performance.
Participants were informed of the protocol and procedures prior to their involvement,
and written consent to participate was obtained. The Institutional Ethics Committee of
Auckland University of Technology provided approval for this study. The study was
conducted in accordance with the Declaration of Helsinki and approved by the Auckland
University of Technology Ethics Committee (AUTEC 20/105).

2.3. Equipment

Participants were loaded using Lila™ Exogen™ exoskeleton suits (Sportboleh Sdh
Bhd, Kuala Lumpur, Malaysia). The Exogen™ exoskeleton suit allows load to be attached
in multiple positions through the addition of fusiform shaped loads of 100 g and 200 g.
Load was attached to the lower body using compression shorts and a pair of calf sleeves
(Figure 1). Two thirds of the load was distributed evenly around the thigh and the
remaining 1/3 distributed on the anterior and posterior surfaces of the shank of the
leg [30]. The total mass of added load was 2%, 4%, or 6% of each participant’s body mass
(BM) calculated to the closest 100 g. These loads were selected to investigate thresholds
for acute adaptations. Notably, the 2% BM load extends below the 3% BM examined by
Macadam et al. [30], whereas the 6% BM load represented the heaviest practical option
with our lower-limb loading setup (Lila™ Exogen™ suits), balancing feasibility with
progressive increments.
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Figure 1. Lila™ Exogen™ wearable resistance.

2.4. Vertical Jump Testing

All vertical jump testing took place during a single session. Participants were required
to avoid stressful physical activity for 24 h beforehand. Prior to testing, subject information
[age, BM (scales), and height (stadiometer)] was collected. Participants were informed of
the procedures and familiarized with each vertical jump test until technique was verified
as correct by the researcher. Following a 10 min standardized warm-up, each subject
was required to complete a total of 24 jumps (4 loading conditions X 2 jump conditions
x 3 jumps). All unloaded trials were performed prior to the loaded trials to ensure that the
unloaded trials were not influenced by the loaded trials. Participants performed either the
SJ or CM] trials in a randomized order. Thereafter, participants performed three consecutive
trials for each jump/load condition in a randomized order. Each consecutive trial was
separated by at least 30 s and each jump condition by at least a 2 min rest period [34]. Of
the trials, the best two were averaged and used for analysis.

To improve the reliability of the data, participants were instructed to jump with
the knees and ankles extended and land in a similarly extended position [14]. To limit
the impact of instructions on performance, consistent instructions were provided to all
participants during each V] trial [20]. All participants were instructed to “jump as high
and fast as possible off the force plate” for each jump variation. All jumps were performed
with hands on hips to prevent the use of arms and attain true measures of leg force-time
variables [20]. If the subject removed their hands from hips, displayed excessive knee
flexion whilst airborne or landed in an incorrect position the jump was declared invalid
and repeated after adequate rest.

Prior to both jump conditions, participants started in a standing position, with feet
hip width apart on the force plate and stood still for 2-3 s to determine system weight
which was used for analysis. To perform the SJ, participants were instructed to lower
themselves into a squat to approximately a 90° knee angle (as determined visually by
an experienced investigator), hold for four seconds [17], then jump as high as possible,
attempting to eliminate any countermovement. If a countermovement was observed,
the SJ was repeated. To perform the CM]J, the participants initiated the jump with a
countermovement consisting approximately of a 90° knee angle (as determined visually
by the investigator), instantly followed by a maximal effort vertical jump. Participants
were instructed to jump for maximum height and ensure there was no pause between the
eccentric and concentric phases.
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2.5. Data Collection

All vertical jump data was collected with a portable force plate (AMTI, ACP, Water-
town, MA, USA) using a sampling rate of 1000 Hz. Raw vertical ground reaction force
(vGRF) data was analyzed using ForceDecks software V2.0.9064 (VALD, Brisbane, Aus-
tralia) to calculate the variables of interest. The initiation of the concentric phase of the
SJ] was when vGRF exceeded 20 N above system weight [35]. Initiation of the CMJ was
defined as the point when total vGRF deviated —20 N from system weight. All take-offs
were identified as the instant when vGREF fell below 10 N. The impulse-momentum rela-
tionship was used to calculate JH. Where appropriate, contraction time was divided into an
eccentric phase (EccT) and a concentric phase (ConT). The start of ConT was determined
when velocity of the center of mass became positive. The concentric force index (CFI) was
calculated as concentric mean force relative to bodyweight (CMF/kg) divided by ConT.
Further, the elastic utilization ratio (EUR) was calculated to compare the S] and CM] from

the following formula.
CM] Variable

EUR = S] Variable

2.6. Statistical Analysis

Means and standard deviations were used as measures of centrality and spread of data.
Normality and outlier analysis were undertaken on these means. Normal distribution of
the data was checked using the Shapiro-Wilk test. If sphericity assumptions were violated
according to Mauchly’s test, then Greenhouse-Geisser adjusted values were utilized. A
repeated measures ANOVA with Bonferroni post hoc contrasts was used to determine
significant differences between loads (Unloaded, 2%, 4%, and 6%). Statistical significance
criterion was set at an alpha level of p < 0.05. Effect sizes are reported using Cohen’s d.
Cohen’s d was calculated by dividing the mean difference between groups by the pooled
standard deviation. The effect size is described as trivial (<0.2), small (0.21-0.5), moderate
(0.51-0.79), and large (>0.8) [36].

3. Results
3.1. Squat Jump

Means and standard deviations for the SJ are presented in Table 1. Although there was
a 3.5% decrease in JH with 2% load, this was non-significant. However, with the addition of
4% (—6.6%) and 6% (—11.7%) JH decreased significantly (ES = 0.63 and 1.12, respectively).
No statistical significance was observed for any variables when comparing the 2% and
4% loads.

The effect of load on ConT was more variable, however, none of these changes were
statistically significant.

Concentric impulse (CI) remained consistent across all loading conditions, with mean
values of 197-198 Ns. However, relative CI (rCI) decreased with a significant 6% reduction
with 6% BM (ES = 1.25). Absolute concentric mean force (CMF) increased significantly
from unloaded to 2% BM (3.1%, ES = 0.27) and 4% BM (3.5%, ES = 0.28); however, min-
imal changes were observed in rCMF with increased load. With 2% BM there was an
initial non-significant increase of 1.2%. However, there was a significant decrease of
3.7% (ES = 0.80) in rCMF when comparing 2% BM with 6% BM. The CFI showed no sig-
nificant differences but trended upward at lighter loads (7% increase at 2% BM) before
declining with 6% BM (—3.3%).



Appl. Sci. 2025, 15, 12206 6 of 15
Table 1. Kinematic and kinetic variables during the SJ for all loading conditions.
Variable 0% 2% 4% 6%
JH (cm) 343 +4.1 4 331+344 321 £2.6 49 30.5 £ 2.6 4pc
ConT (ms) 412 +50 389. + 43 399 + 46 421+ 62
CMV (m/s) 1.14+0.14 1.14 +0.08 4 1.11+0.1 1.06 +0.1 4,
CI (Ns) 197 £ 20 197 £ 21 198 £ 21 197 £ 19
rCI (Ns/kg) 2.59 £0.15 4 254 £0.13 4 251 £0.10 4 2.44 £ 0.11 g
CMF (N) 1233 £ 1501, 1272 £ 144 , 1277 £ 157 4 1274 £ 145
rCMF (N/kg) 162+ 0.8 164+ 0.7 4 162+ 0.8 158+ 09y
CFI 3.99 £ 0.69 4.28 £ 0.66 414 £ 0.69 3.86 £ 0.82
CMP (W) 1410 £ 231 1450 £ 212 1421 £ 259 1359 £ 238
rCMP (W /kg) 185+214 187 +194 18423 168 +2.4 4
PP (W) 3994 + 455 4002 + 457 4004 + 395 3943 + 439
rPP (W/kg) 525+£45, 51.7 £3.8 4 509 £2.84 48.8 £ 3.6 gpc
FPP (N) 1672 £ 202 4 1707 £ 191 1730 £ 178 4 1747 £ 201 ,
VPP (m/s) 239 £0.154 235+0.144 232 £0.114 2.26 £ 0.10 gpc

Note. Abbreviations: CFI = concentric force index; CI = concentric impulse; CMF = concentric mean
force; CMP = concentric mean power; CMV = concentric mean velocity; ConT = concentric duration; FPP = force
at peak power; JH = jump height; PP = peak power; rCI = relative concentric impulse; rCMF = relative concentric
mean force; rCMP = relative concentric mean power; rPP = relative peak power; VPP = velocity at peak power.
Subscript letters indicate significant differences between loading conditions (p < 0.05): ‘a’ corresponds to 0%, ‘b’ to
2%, ‘¢’ to 4%, and ‘d’ to 6%.

Concentric mean velocity (CMV) remained stable at 2—4% BM but decreased signif-
icantly by 7.3% (ES = 0.84) with 6% BM, while velocity at peak power (VPP) followed a
similar pattern, with a 5.6% (ES = 1.01) reduction at 6% BM.

Concentric mean power (CMP) and peak power (PP) remained stable across all loads.
In contrast, relative concentric mean power (rCMP) decreased significantly by 9.6% at 6%
BM (ES = 0.72) and relative peak power (rPP) declined by 7.3% at 6% BM (ES = 0.96). Force
at peak power (FPP) increased progressively, with significant gains at 4% (3.4%, ES = 0.31)
and 6% BM (4.4%, ES = 0.37) compared to unloaded.

3.2. Countermovement Jump

Means and standard deviations for the CM]J are presented in Table 2. A significant
reduction in JH (p < 0.05) across all loads (8.6-14%) compared to the unloaded condition
with ES of 0.89, 1.04, and 1.51 was observed for 2%, 4%, and 6%, respectively. However, as
with the SJ, when comparing the 2% and 4% loads there was no statistical change in JH.
This was found repeatedly across all variables investigated in the CM]J.

Total contraction time (TCT) decreased 5.4% (ES = 0.54) with 2% BM; however, there
was no statistical difference with either 4% or 6% when compared to the unloaded condition.
There was no change (p > 0.05) in ConT across all loads, with all the change in TCT due to
changes in the eccentric phase. Specifically, the 2% load resulted in the greatest decrease
in EccT of 7% (p < 0.05, ES = 0.60). Further, countermovement depth decreased 7.2-8.2%
under all loading conditions in comparison to the unloaded jumps (p < 0.05, ES = 0.56-0.69),
with no significant differences in depth between the 2%, 4%, and 6% loads.

CMYV decreased significantly across all loads (—4.1% to —6.3%, ES = 1.23-2.32), and
VPP followed suit (—4.8% to —6.9%, ES = 0.95-1.48). CI showed minor non-significant
reductions (—1.4% to —2.4%), but rCI declined significantly across loads (—4.1% to —6.9%,
ES =1.36-2.91). Absolute CMF increased slightly (1.2-2.0%, non-significant), while rCMF
decreased, reaching significance at 6% BM (—3.6%, ES = 0.82). The CFI varied without
significance, peaking at 2% BM (2.7%) before declining at 6% (—4.0%). FPP increased
(3.5-3.6%), with significance at 4% and 6% BM (ES = 0.32-0.37).

CMP decreased non-significantly and PP showed similar stability with significant
decreases only observed with 6% BM. However, tCMP declined significantly at 4% and 6%
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BM (—6.4% to —10.1%, ES = 1.03-1.56) and rPP decreased across all loads (—4.4% to —8.6%,
ES = 0.87-2.30).

Table 2. Kinematic and kinetic variables during the CM] for all loading conditions.

Variable 0% 2% 4% 6%

JH (cm) 37.6 & 3.4 peg 345 £ 3.6 44 34+ 3.6 4 32.7 £ 3.2 2
TCT (ms) 833 4+ 744, 788 + 95 4 810 & 72 830 & 100,
CMD (cm) 34.2 £ 3.6 pg 31.6 249, 31.5+42, 31.8+47,
EccT (ms) 561 + 57, 523 + 71 o4 542 + 56 556 + 80,
ConT (ms) 271 £ 22 265 + 29 269 + 29 274 + 28

CMV (m/s) 1.47 + 0.07 peg 1.41 + 0.08 o4 1.40 + 0.08 , 1.38 + 0.07 4,

CI (Ns) 207 £ 22 4 202 £ 22, 204 £ 22 204 + 23 ,

rCI (Ns/kg) 2.71 4 0.12 peg 2.60 +0.13 54 258 +0.13 44 2.53 4 0.12 4
CMF (N) 1516 £ 191 1534 + 199 1546 + 213 1538 £ 195
rCMF (N/kg) 19.8 £094 197 +£114 195+11 191+£1 4
CFI 7.36 £0.92 756 £1.33 4 737 £1.2 7.07 £ 1134,
CMP (W) 2229 £330 4 2171 £ 334 2168 £ 347 2122 £328 ,
rCMP (W/kg) 29.1+£24 4 2794264 273426, 263 +£22
PP (W) 4089 £ 449 4 3985 + 436 4009 + 480 3952 + 416 ,
PP (W/kg) 53.6 + 3.7 ped 513 +35 4 50.7 + 3.8 o4 492 + 3.1 4.

FPP (N) 1611 £ 162 4 1647 + 166 1668 + 193 4 1669 £+ 151 ,

VPP (m/s) 254 4 0.11 pog 2424013 4 244013, 2.37 +0.12 4

Note. Abbreviations: CFI = concentric force index; CI = concentric impulse; CMD = countermovement depth; CMF
= concentric mean force; CMP = concentric mean power; CMV = concentric mean velocity; ConT = concentric
phase time; EccT = eccentric phase time; FPP = force at peak power; JH = jump height; PP = peak power;
rCI = relative concentric impulse; rtCMF = relative concentric mean force; rCMP = relative concentric mean power;
rPP = relative peak power; TCT = total contraction time; VPP = velocity at peak power. Subscript letters indicate
significant differences between loading conditions (p < 0.05): ‘a’” corresponds to 0%, ‘b’ to 2%, ‘c’ to 4%, and ‘d’
to 6%.

3.3. Elastic Utilization Ratios

The greatest difference in EURs with load was between the unloaded and 2% BM
conditions, with JH, CMV, rCMP, and VPP all significantly different (see Table 3). Jump
heights in the CM] were observed to be higher than the SJ by 4.6-10.7%, with the great-
est EUR value being in the unloaded condition and the lowest in the 2% load condition.
This trend was consistent across all variables examined. Further, the CM] led decrease
in ConT (31.4-33.4%) and Force at PP (3—4%), whereas rCI (2.6-5.8%), CMV (25-29%),
rCMF (20.1-22.8%) and CFI (78.9-90.7%), rCMP (50-59.3%), and VPP (3.2-6.2%) all ob-
served increases whilst relative peak power (rPP) ranged from —0.2% to 3%.

Table 3. Elastic utilization ratios.

Variable 0% 2% 4% 6%
JH (cm) 1.11 £0.11 1.05 £ 0.07 4 1.06 £ 0.06 1.07 £ 0.06
ConT (ms) 0.67 £0.07 0.69 £ 0.09 0.68 £0.1 0.67 £0.11
CMV (m/s) 129+ 0.1 1.25 + 0.08 5 1.27 £ 0.1 1.3 +£0.11
rCI (Ns/kg) 1.06 + 0.13 1.03 + 0.03 1.03 £+ 0.03 1.03 + 0.05
rCMF (N/kg) 123 £0.1 1.20 £ 0.07 1.21 £ 0.07 1.22 £+ 0.09
CFI 1.87 £0.27 1.79 £0.32 1.82 £0.35 1.91 £ 0.49
rCMP (W/kg) 1.59 + 0.17 1.54+0.17, 1.54 +£0.19 1.59 £ 0.24
rPP (W/kg) 1.03 4+ 0.08 0.99 £ 0.06 1.00 + 0.06 1.01 £+ 0.06
FPP (N) 097 £0.1 0.97 £0.05 0.96 £ 0.06 0.96 £ 0.07
VPP (m/s) 1.06 + 0.06 1.03 +0.04 , 1.04 +0.04 , 1.05 + 0.03

Note. Abbreviations: CFI = concentric force index; ConT = concentric phase time; CMV = concentric mean velocity;
FPP = force at peak power; JH = jump height; rCI = relative concentric impulse; rCMF = relative concentric mean
force; rCMP = relative concentric mean power; rPP = relative peak power; VPP = velocity at peak power. Subscript
a indicates significant differences between loading condition and unloaded condition (p < 0.05).
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4. Discussion

This study focused on the effects of lightweight WR on the kinematics and kinetics of
SJ and CMJ, particularly how loads of 2%, 4%, and 6% BM influenced jump performance
and load-dependent responses. Key findings included: (1) differing acute adaptations in SJ
and CM]J relative to load; (2) the magnitude of these acute adaptations differed if expressed
in absolute or relative terms; (3) load had little effect on the EUR of most variables; and
(4) variable-specific differences in EUR enhancement magnitude.

4.1. S] and CM] Acute Adaptations

The acute adaptations observed in the S] and CM]J differed in relation to the WR
load applied. With the addition of 2% BM, notable differences emerged between the two
jumps. No significant decreases were observed for any SJ variable compared to unloaded,
whereas CM] JH reduced significantly by 8.6% (p < 0.05). This finding represents the lowest
loading condition to lead to significant decreases in JH for the CM] and was practically
significant with a large effect size (ES = 0.89), although Macadam et al. [30] did report a
more substantial 12% decrease utilizing 3% BM. This observed decline in CM] height was
accompanied by a moderate reduction in countermovement depth (7.9%, ES = 0.56), shorter
EccT (7%, ES = 0.60), and decreased CMV (4.1%, ES = 1.23). Notably, the shorter eccentric
phase was attributed to a decreased countermovement depth rather than an increase in
velocity. These contrasting effects of 2% BM on the CMJ and SJ highlight the sensitivity of
the CMJ to light weight loading.

Significant decreases in S] JH were only observed when the loading increased to 4%
BM, resulting in a moderate reduction (6.6%). Interestingly, no other variables measured in
the SJ decreased at 4% BM. Additionally, no significant differences were noted between the
2% and 4% loading conditions for either the S] or CM]J.

When the load was increased to 6% BM, S] height decreased further (p < 0.05) by 11.7%,
which was accompanied by reductions in tCMP (9.6%) and rPP (7.3%). This decline was
primarily due to a reduction in velocity, while rCMF remained relatively stable. A similar
finding was observed in the CM]J. The large 8.6% decrease in rPP with 6% loading for the
CM]J was similar to Macadam et al. [30] who reported a decrease of 8-17% with loads of
3-6% WR. However, this was also accompanied by a decrease in rCMEF, which decreased
3.6% with 6%BM (p < 0.05).

Further, even at the 6% BM load, where statistical significance was evident for both
jump types (p < 0.05), the practical implications differed markedly. The varying load-
dependent responses observed between the S] and CM] could provide insights into the
underlying mechanisms responsible. These include the contribution of the components of
the TCM. As the SJ is purely concentric, the CC is, in theory, the dominant component in
force production. From these findings, it could be extrapolated that these loading ranges
provide limited overload for the CC and loads greater than 6% could be required.

In contrast, the performance of the CM] relies on the passive elastic components SEC
and PEC in addition to the CC. It seems that loads as light as 2% BM may limit elastic
energy storage and reutilization mechanisms of the SEC and PEC within the MTU, as
evidenced by the pronounced decrements in CM] performance and EURs (Tables 2 and 3).
It could be concluded that while greater loads are necessary to provide adequate resistance
to overload the force-generating capacity of the CC, lighter loads have greater effects on
the SEC and PEC.

Interestingly, no significant changes in ConT occurred across loading conditions for
either the SJ or CM]. This may be attributed to the influence of load on joint angles and
countermovement depth. SJ depth was visually inspected and therefore may have been
altered throughout the loading conditions. Further, load reduced countermovement depth
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by 7.2-8.2% (p < 0.05) compared to the unloaded CM]J across all conditions. Although
reduced depth partly explains CMJ performance changes, the stability of countermovement
depth between 2% BM and 6% BM suggests that the effects of load in these loading
conditions can be evaluated independently of countermovement depth. Notably, EccT
increased 6.1% (p < 0.05) from 2% to 6% BM, extending eccentric duration despite consistent
countermovement depth, resulting in reduced velocity heading into the concentric phase.
Consequently, this had a significant effect on CMV decreasing 2.1% (p < 0.05) from 2% BM
to 6% BM.

CI remained relatively unchanged across loads for both jumps. SJ values ranged from
197 Ns to 198 Ns, whilst minor decreases of 1-2% were observed in the CM]J. These findings
align with Gutiérrez-Davila et al. [37], who reported no significant differences in vertical
impulse in the CM]J with 0-7.5% BM.

Similarly, light WR loading barely changed PP outputs in either jump. No significant
differences were detected across the SJ loads, whilst only 6% BM was found significantly
different to the unloaded CM]J. Previous researchers have reported varied findings regard-
ing the effects of external loading on PP during the CM]J. Harrison et al. [38] reported a 6%
increase in PP among males with vest loading of 20.6% BM. In contrast, Gutiérrez-Davila
et al. [37] found no significant changes with vest loading across 0-7.5% BM.

In the current study, accounting for BM changed the results of these metrics consider-
ably. Notably rCI decreased 6%, whilst a 7.3% decrease was observed for the rPP with 6%
BM for the S], whereas the CMJ rCI and rPP decreased across the loading spectrum. When
compared to the unloaded CM]J, the observed 8.6% decrease in rPP with 6% loading aligns
with Macadam et al. [30] who reported an 8-17% decrease with loads of 3-6% WR. Further,
across both SJ and CMJ when comparing unloaded to 6%BM conditions, effect sizes for
relative metrics (rPP, rCMP, rCI, rtCMF) were moderate-to-large (ES = 0.72-2.91), whereas
those for absolute metrics (PP, CMP, CI, CMF) were uniformly small (ES = 0.27-0.28).

It would seem using absolute metrics can be misleading when using additional load.
These metrics incorporate added mass, potentially masking underlying performance decre-
ments by inflating values due to the increased system weight. For example, absolute power
may appear stable or even increase slightly as the increase in load force compensates for
velocity reductions. However, this does not reflect the true biomechanical consideration
for the athlete. In contrast, relative metrics showcase these decrements more accurately.
This is clear from the substantial declines in rPP and rCMP across loads in the CM]J. In
applied settings, coaches and practitioners should prioritize relative metrics when using
lightweight WR and loaded jumps. This helps detect load-induced changes and avoids
overestimating athlete capabilities.

4.2. Eccentric Utilization Ratios

The EUR was utilized in this study to compare the CM]J and SJ to determine if there
was any enhancement of the concentric phase given the preceding eccentric contraction.
Previously, Loturco et al. [39] reported that the potentiating effect of the CMJ diminished
with increasing load, so it was thought that any enhancement would decrease with greater
loading. Our findings, however, did not support this. The most significant differences
(2.8-5.4%) were observed between the unloaded condition and 2% BM, in JH, CMV, rCMP,
and VPP.

These changes, however, were not progressive or linear. With 4% and 6% BM, the
EURs returned towards baseline levels. This finding is likely because the CM] had greater
sensitivity to the lower loads than the SJ. Specifically, whilst the S] was found to have
minimal changes at 2% loading, significant effects were seen in the CM]. Loturco et al. [39]
observed a linear reduction in the CM]’s potentiating effect with increasing load, reporting



Appl. Sci. 2025, 15, 12206

10 of 15

an 8% difference in the unloaded condition, which decreased to 2.4% with 100% BM. The
results of this study provide evidence that this linear reduction may not apply with light
loads, where the SJ is minimally affected.

The significant CMJ decrements at 2% BM can be interpreted through various mod-
els. While this study interprets these findings primarily through the mechanical lens of
lengthening and shortening of the TCM components (CC, SEC, and PEC), the authors
acknowledge that neural factors provide a complementary perspective that could also
influence the observed differences [40].

Mechanically, the additional mass may disrupt optimal elastic energy storage and
reutilization in the SEC and PEC, leading to reduced SSC potentiation [25]. This disruption
could arise from alterations in timing, velocity, and amplitude during the eccentric phase,
resulting in lower energy reutilization during the concentric contraction [37,40]. For ex-
ample, the observed reduction in CMD alongside shortened EccT suggests an attenuated
eccentric phase that limits SEC and PEC lengthening.

Further, the effect of load on neural factors, such as stretch reflexes and pre-activation,
may lead to altered neuromuscular coordination under load, with subtle changes potentially
inhibiting the stretch reflex and/or pre-activation and thereby diminishing neuromuscular
coordination while amplifying mechanical disruptions [7]. It is plausible that the addition
of WR could modulate these neural factors in several ways, affecting both facilitatory and
inhibitory processes. For example, the increased load and reduced eccentric velocity during
the CM]J’s countermovement phase could lower stretch reflex sensitivity [7], resulting
in diminished reflexive potentiation, reduced neural drive to the CC, and exacerbated
performance decrements at lighter loads in the CM] compared to the SJ, where no eccentric
phase exists to trigger such reflexes. Additionally, the load might necessitate greater
pre-activation or co-activation of muscles to stabilize joints and manage the added mass,
altering the timing of muscle activation. This could be accompanied by prolonged coupling
time during the amortization phase of the SSC, dissipating stored elastic energy. Further
additional load could also engage protective inhibitory mechanisms. Increased tensile
forces on the MTU could potentially activate Golgi tendon organs. These proprioceptors
sense changes to force and provide inhibitory feedback to prevent overload [41]. This
force feedback mechanism could lead to inhibition, reducing neural drive and exacerbating
performance decrements in the CM]J’s SSC.

In the SJ, which relies on voluntary concentric activation without prior eccentric
loading, these neural adjustments could be less pronounced until higher loads are used.
This likely contributes to the CM]’s greater sensitivity compared to the SJ, where neural
SSC facilitation is non-existent and reliance is placed on voluntary concentric drive.

Furthermore, EUR magnitude varied by variable. Consequently, the interpretation
varies greatly depending on which variables are examined. As shown in Table 3, four
variables (JH, CI, VPP, and rPP) exhibited limited enhancement (3-11%), while ConT, CMV,
rCMEF, CFI, and rCMP all were found to have a 23-87% enhancement. The difference
between these groups of metrics is that the former are either outcome variables or are quan-
tified via a single data point, whereas the variables with the greater EURs are calculated
over the entire concentric phase and/or are normalized to body weight. Elastic enhance-
ment from the countermovement has a number of flow-on effects into the concentric phase
in terms of contraction dynamics. It has been previously shown that the enhancement of
the eccentric phase does not necessarily lead to greater magnitude of peak values but rather
changes the timing of when these peaks occur in the concentric phase [42]. Therefore, when
comparing the S] and CM]J it may be beneficial to consider variables that account for the
entire concentric phase rather than those quantified by a single data point later in the jump.
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4.3. Practical Applications

Acute adaptations to the CMJ can occur with as little as 2% body mass (BM), whereas
the S] requires greater loading of at least 6% BM. Although there are many theories as to why
the SJ and CM]J differ, it can be partly attributed to the active and passive lengthening and
shortening of the components of the TCM involved in mechanical force transmission. Uti-
lizing this model, it would suggest that aiming to increase active force-generating capacity
of the contractile component CC requires greater loading, whereas the elastic enhancement
of the series elastic component SEC and PEC is impaired even with lighter loading.

When translating these results, practitioners should interpret statistical significance/non-
significance alongside the effect size (practical significance). For example, the ES pro-
vides insight into the magnitude of the loading effects on the variables of interest, and
hence shapes decision-making on whether to use WR, even if effects are statistically non-
significant. The greatest effects of load were observed in the CMJ. In particular JH, CMYV,
rPP and rCMP were all affected across the loading spectrum of the CM]J with large effect
sizes and could be key variables to further understand the implications of loading on the
CM] in practice.

For practical implementation, coaches should consider the athlete’s sport-specific
demands and training goals when selecting WR loads. In sports that are heavily reliant
on the SSC and therefore the SEC and PEC, such as basketball (rebounding or blocking)
or volleyball (spiking or blocking at the net), performing the CMJ with lighter loads such
as 2% BM may be recommended during training phases to enhance elastic utilization.
This could be ideal for in-season maintenance or speed-focused sessions where preserving
jump height and velocity is key. Conversely, for activities emphasizing concentric force
production through the CC, such as strength-oriented phases in weightlifting or sports
with more static starts, heavier loads like 6% BM in SJ protocols may be appropriate
to overload the CC, provided they do not exceed practical equipment limits or cause
technique breakdown. Loads could be progressed gradually (e.g., from 2% to 6% BM over
sessions) to monitor adaptations via relative metrics, ensuring training specificity aligns
with competition demands.

4.4. Limitations

This study has several limitations that the reader should be cognizant of. Firstly, the
sample was limited to 20 young males, which limits the generalizability of the findings
to broader populations. Sex and age-related differences such as variations in tendon
compliance or neuromuscular control could influence WR effects on jump performance,
and our young male cohort may over or underestimate SSC sensitivity in other cohorts. A
larger and more diverse cohort could enhance external validity and allow for subgroup
analyses, such as sport and/or sex-based differences in responses to WR.

Secondly, the S] knee angle was determined through visual inspection by the investi-
gator, which may introduce measurement error or variability in jump depth across trials
and participants. Although this method was consistently applied, it lacks the precision
of objective tools like video analysis or goniometry, which could improve reliability in
future studies.

Thirdly, the testing protocol involved performing all unloaded trials prior to loaded
trials to establish a clean baseline and minimize fatigue from additional loading. However,
this non-randomized sequence may introduce order effects, such as learning improvements
or cumulative fatigue, potentially biasing comparisons between conditions. Counterbalanc-
ing trial order in future designs would help mitigate this issue.



Appl. Sci. 2025, 15, 12206

12 of 15

Additionally, the absence of direct physiological measures limits mechanistic insights
into load effects; future studies incorporating EMG or ultrasound imaging could elucidate
underlying factors, such as mechanical tendon alterations or neural inhibition.

Finally, while this study focused on acute adaptations, it does not provide insights into
the chronic effects of lightweight wearable resistance on squat and countermovement jump
performance. Long-term training interventions are needed to understand the adaptations
associated with repeated exposure to WR loading.

5. Conclusions

In conclusion, this study quantified the effects of light weight WR on SJ and CM]Js.
There was a clear effect of load on JH for both the CM]J and SJ; however, the CM] was
more sensitive to the effects of WR. This was also observed when comparing the jumps
utilizing the EUR. Surprisingly, the greatest reduction in the EUR was with 2% BM. Acute
adaptations to load with the CMJ can occur with as little as 2% BM, whereas the SJ requires
greater loading of at least 6% BM. Although there are many theories as to why the S] and
CM] differ, it can be partly attributed to the active and passive lengthening and shortening
of the components of the TCM involved in mechanical force transmission. Utilizing this
model, these findings suggest that aiming to increase active force generating capacity of
the CC requires greater loading, whereas the elastic enhancement of the SEC and PEC is
impaired by lighter loading. This sensitivity of the CM]J to lighter loads highlights the
importance of considering the specific mechanical properties and underlying physiological
mechanisms when designing loading vertical jump training programs. Furthermore, when
interpreting metrics with light weight WR, it is recommended to use relative measures
that account for BM. Additionally, since the potentiating effect of the eccentric phase has a
greater impact over the entire concentric phase rather than just peak values, metrics that
analyze the entire concentric phase should be utilized.
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Abbreviations

The following abbreviations are used in this manuscript:

BM Body Mass

CcC Contractile Component
CFI Concentric Force Index
CI Concentric Impulse

CMD  Countermovement Depth
CMF Concentric Mean Force
CMJ Countermovement Jump
CMP Concentric Mean Power
CMV  Concentric Mean Velocity
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ConT  Concentric Phase Time

EccT Eccentric Phase Time

EUR Elastic Utilization Ratio

FPP Force at Peak Power

JH Jump Height

MTU  Muscle-Tendon Unit

PEC Parallel Elastic Component

PP Peak Power

rCI Relative Concentric Impulse
rCMF  Relative Concentric Mean Force
rCMP  Relative Concentric Mean Power
rPP Relative Peak Power

SEC Series Elastic Component

SJ Squat Jump

SSC Stretch-Shortening Cycle

TCM  Three-Component Model

TCT Total Contraction Time

vGRF  Vertical Ground Reaction Force
VPP Velocity at Peak Power

\%i Vertical Jump

WR Wearable Resistance

References

1.  Cavagna, G.A,; Dusman, B.; Margaria, R. Positive Work Done by a Previously Stretched Muscle. ]. Appl. Physiol. 1968, 24, 21-32.
[CrossRef]

2. Cavagna, G.A. Storage and Utilization of Elastic Energy in Skeletal Muscle. Exerc. Sport Sci. Rev. 1977, 5, 89-130. [CrossRef]

3 Bobbert, M.E,; Gerritsen, K.G.M.; Litjens, M.C.A.; Van Soest, A.J. Why Is Countermovement Jump Height Greater Than Squat
Jump Height? Med. Sci. Sports Exerc. 1996, 28, 1402-1412. [CrossRef]

4. Bobbert, M.E; Casius, L.J.R.; Sijpkens, LW.T.; Jaspers, R.T. Humans Adjust Control to Initial Squat Depth in Vertical Squat
Jumping. J. Appl. Physiol. 2008, 105, 1428-1440. [CrossRef]

5. McGuigan, M.R;; Doyle, T.L.A.; Newton, M.; Edwards, D.J.; Nimphius, S.; Newton, R.U. Eccentric Utilization Ratio: Effect of
Sport and Phase of Training. J. Strength Cond. Res. 2006, 20, 992-995. [CrossRef]

6.  Komi, P.V.; Bosco, C. Utilization of Stored Elastic Energy in Leg Extensor Muscles by Men and Women. Med. Sci. Sports Exerc.
1978, 10, 261-265.

7. VanHooren, B.; Zolotarjova, J. The Difference Between Countermovement and Squat Jump Performances: A Review of Underlying
Mechanisms with Practical Applications. J. Strength Cond. Res. 2017, 31, 2011-2020. [CrossRef] [PubMed]

8. Cronin, ].B.; McNair, PJ.; Marshall, RN. Power Absorption and Production During Slow, Large-Amplitude Stretch-Shorten Cycle
Motions. Eur. J. Appl. Physiol. 2002, 87, 59-65. [CrossRef] [PubMed]

9. Finni, T.; Ikegawa, S.; Lepola, V.; Komi, P.V. In Vivo Behavior of Vastus Lateralis Muscle During Dynamic Performances. Eur. J.
Sport Sci. 2001, 1, 1-13. [CrossRef]

10. Hill, A.V. Production and absorption of work by muscle. Science 1960, 131, 897-903. [CrossRef]

11. Ishikawa, M.; Finni, T.; Komi, P.V. Behaviour of Vastus Lateralis Muscle-Tendon During High Intensity SSC Exercises In Vivo.
Acta Physiol. Scand. 2003, 178, 205-213. [CrossRef] [PubMed]

12.  Kopper, B.; Csende, Z.; Safar, S.; Hortobagyi, T.; Tihanyi, ]. Muscle Activation History at Different Vertical Jumps and Its Influence
on Vertical Velocity. J. Electromyogr. Kinesiol. 2013, 23, 132-139. [CrossRef] [PubMed]

13.  Kopper, B.; Csende, Z.; Trzaskoma, L.; Tihanyi, J. Stretch-Shortening Cycle Characteristics During Vertical Jumps Carried Out
with Small and Large Range of Motion. J. Electromyogr. Kinesiol. 2014, 24, 233-239. [CrossRef]

14. Asmussen, E.; Bonde-Petersen, F. Storage of Elastic Energy in Skeletal Muscles in Man. Acta Physiol. Scand. 1974, 91, 385-392.
[CrossRef]

15.  Anderson, EC.; Pandy, M.G. Storage and Utilization of Elastic Strain Energy During Jumping. J. Biomech. 1993, 26, 1413-1427.

[CrossRef]


https://doi.org/10.1152/jappl.1968.24.1.21
https://doi.org/10.1249/00003677-197700050-00004
https://doi.org/10.1097/00005768-199611000-00009
https://doi.org/10.1152/japplphysiol.90571.2008
https://doi.org/10.1519/00124278-200611000-00042
https://doi.org/10.1519/JSC.0000000000001913
https://www.ncbi.nlm.nih.gov/pubmed/28640774
https://doi.org/10.1007/s00421-002-0585-5
https://www.ncbi.nlm.nih.gov/pubmed/12012077
https://doi.org/10.1080/17461390100071101
https://doi.org/10.1126/science.131.3404.897
https://doi.org/10.1046/j.1365-201X.2003.01149.x
https://www.ncbi.nlm.nih.gov/pubmed/12823178
https://doi.org/10.1016/j.jelekin.2012.09.005
https://www.ncbi.nlm.nih.gov/pubmed/23107911
https://doi.org/10.1016/j.jelekin.2014.01.001
https://doi.org/10.1111/j.1748-1716.1974.tb05693.x
https://doi.org/10.1016/0021-9290(93)90092-S

Appl. Sci. 2025, 15, 12206 14 0f 15

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Bosco, C.; Komi, P.V,; Ito, A. Prestretch Potentiation of Human Skeletal Muscle During Ballistic Movement. Acta Physiol. Scand.
1981, 111, 135-140. [CrossRef] [PubMed]

Wilson, G.J.; Elliott, B.C.; Wood, G.A. The Effect on Performance of Imposing a Delay During a Stretch-Shorten Cycle Movement.
Med. Sci. Sports Exerc. 1991, 23, 364. [CrossRef]

Coh, M.; Mackala, K. Differences Between the Elite and Subelite Sprinters in Kinematic and Dynamic Determinations of
Countermovement Jump and Drop Jump. J. Strength Cond. Res. 2013, 27, 3021-3027. [CrossRef]

Van Ingen Schenau, G.J.; Bobbert, M.F.,; De Haan, A. Does Elastic Energy Enhance Work and Efficiency in the Stretch-Shortening
Cycle? J. Appl. Biomech. 1997, 13, 389—415. [CrossRef]

Young, W.B.; Pryor, ].E; Wilson, G.J. Effect of Instructions on Characteristics of Countermovement and Drop Jump Performance. J.
Strength Cond. Res. 1995, 9, 232-236.

Hrysomallis, C. The Effectiveness of Resisted Movement Training on Sprinting and Jumping Performance. . Strength Cond. Res.
2012, 26, 299-306. [CrossRef]

Cormie, P.; McBride, ].M.; McCaulley, G.O. Power-Time, Force-Time, and Velocity-Time Curve Analysis During the Jump Squat:
Impact of Load. J. Appl. Biomech. 2008, 24, 112-120. [CrossRef] [PubMed]

Cormie, P; McBride, ].M.; McCaulley, G.O. Power-Time, Force-Time, and Velocity-Time Curve Analysis of the Countermovement
Jump: Impact of Training. . Strength Cond. Res. 2009, 23, 177-186. [CrossRef] [PubMed]

Feeney, D.; Stanhope, S.J.; Kaminski, T.W.; Machi, A; Jaric, S. Loaded Vertical Jumping: Force—Velocity Relationship, Work, and
Power. . Appl. Biomech. 2016, 32, 120-127. [CrossRef] [PubMed]

Earp, ].E.; Newton, R.U.; Cormie, P.; Blazevich, A.J. The Influence of Loading Intensity on Muscle-Tendon Unit Behavior During
Maximal Knee Extensor Stretch Shortening Cycle Exercise. Eur. J. Appl. Physiol. 2013, 114, 59-69. [CrossRef]

Hori, N.; Newton, R.U.; Kawamori, N.; McGuigan, M.R.; Andrews, W.A.; Chapman, D.W.; Nosaka, K. Comparison of Weighted
Jump Squat Training With and Without Eccentric Braking. J. Strength Cond. Res. 2008, 22, 54—65. [CrossRef]

Cronin, ].B.; Hansen, K.T. Strength and Power Predictors of Sports Speed. |. Strength Cond. Res. 2005, 19, 349-357.

McClenton, L.S.; Brown, L.E.; Coburn, ].W.; Kersey, R.D. The Effect of Short-Term VertiMax vs. Depth Jump Training on Vertical
Jump Performance. J. Strength Cond. Res. 2008, 22, 321-325. [CrossRef]

Sheppard, J.; Hobson, S.; Barker, M.; Taylor, K.; Chapman, D.; McGuigan, M.; Newton, R. The Effect of Training with Accentuated
Eccentric Load Counter-Movement Jumps on Strength and Power Characteristics of High-Performance Volleyball Players. Int. |.
Sports Sci. Coach. 2008, 3, 355-363. [CrossRef]

Macadam, P.; Simperingham, K.D.; Cronin, J.B.; Couture, G.; Evison, C. Acute Kinematic and Kinetic Adaptations to Wearable
Resistance During Vertical Jumping. Eur. J. Sport Sci. 2017, 17, 555-562. [CrossRef]

Uthoff, A.M.; Nagahara, R.; Macadam, P.; Neville, J.; Tinwala, F; Graham, S.P.; Cronin, J.B. Effects of forearm wearable resistance
on acceleration mechanics in collegiate track sprinters. Eur. J. Sport Sci. 2020, 20, 1346-1354. [CrossRef]

Rydsa, J.I; van den Tillaar, R. The acute effect of wearable resistance load and placement upon change of direction performance
in soccer players. PLoS ONE 2020, 15, e0242493.

Fredriksen, A.B.; van den Tillaar, R. Effect of six weeks of training with wearable resistance attached to the forearm on throwing
kinematics, strength, and velocity in female handball players. J. Funct. Morphol. Kinesiol. 2025, 10, 45. [CrossRef]

Suchomel, TJ.; Sole, C.J.; Stone, M.H. Comparison of Methods That Assess Lower-Body Stretch-Shortening Cycle Utilization. J.
Strength Cond. Res. 2016, 30, 547-554. [CrossRef]

Janicijevic, D.N.; Knezevic, O.M.; Mirkov, D.M.; Pérez-Castilla, A.; Petrovic, M.R.; Garcia-Ramos, A. Magnitude and Reliability of
Mechanical Outputs Obtained During Loaded Squat Jumps Performed from Different Knee Angles. Sports Biomech. 2019, 20,
925-937. [CrossRef]

Cohen, ]. Statistical Power Analysis for the Behavioral Sciences, 2nd ed.; Routledge: New York, NY, USA, 1988. [CrossRef]
Gutiérrez-Davila, M.; Gonzilez, C.; Giles, EJ.; Gallardo, D.; Rojas, F]J. Effect of Light Overloads on Countermovement Vertical
Jump Performance. Rev. Int. Med. Cienc. Act. Fis. Deporte 2016, 16, 633-648.

Harrison, A.J.; Byrne, P; Sundar, S. The Effects of Added Mass on the Biomechanics and Performance of Countermovement
Jumps. J. Sports Sci. 2019, 37, 1591-1599. [CrossRef] [PubMed]

Loturco, I.; McGuigan, M.; Freitas, T.T.; Nakamura, F; Boullosa, D.; Valenzuela, P.; Pareja-Blanco, F. Squat and Countermovement
Jump Performance Across a Range of Loads: A Comparison Between Smith Machine and Free Weight Execution Modes in Elite
Sprinters. Biol. Sport 2022, 39, 1043-1048. [CrossRef] [PubMed]

Turner, A.N.; Jeffreys, I. The Stretch-Shortening Cycle: Proposed Mechanisms and Methods for Enhancement. Strength Cond. J.
2010, 32, 87-99. [CrossRef]


https://doi.org/10.1111/j.1748-1716.1981.tb06716.x
https://www.ncbi.nlm.nih.gov/pubmed/7282389
https://doi.org/10.1249/00005768-199103000-00016
https://doi.org/10.1519/JSC.0b013e31828c14d8
https://doi.org/10.1123/jab.13.4.389
https://doi.org/10.1519/JSC.0b013e3182185186
https://doi.org/10.1123/jab.24.2.112
https://www.ncbi.nlm.nih.gov/pubmed/18579903
https://doi.org/10.1519/JSC.0b013e3181889324
https://www.ncbi.nlm.nih.gov/pubmed/19077740
https://doi.org/10.1123/jab.2015-0136
https://www.ncbi.nlm.nih.gov/pubmed/26398963
https://doi.org/10.1007/s00421-013-2744-2
https://doi.org/10.1519/JSC.0b013e31815ef052
https://doi.org/10.1519/JSC.0b013e3181639f8f
https://doi.org/10.1260/174795408786238498
https://doi.org/10.1080/17461391.2017.1298672
https://doi.org/10.1080/17461391.2020.1722256
https://doi.org/10.3390/jfmk10010045
https://doi.org/10.1519/JSC.0000000000001100
https://doi.org/10.1080/14763141.2019.1618390
https://doi.org/10.4324/9780203771587
https://doi.org/10.1080/02640414.2019.1577120
https://www.ncbi.nlm.nih.gov/pubmed/30724701
https://doi.org/10.5114/biolsport.2022.112085
https://www.ncbi.nlm.nih.gov/pubmed/36247935
https://doi.org/10.1519/SSC.0b013e3181e928f9

Appl. Sci. 2025, 15, 12206 15 0f 15

41. Nichols, T.R. Reflex Circuits. In Encyclopedia of Neuroscience; Squire, L.R., Ed.; Academic Press: Oxford, UK, 2009; pp. 73-79.

42.  Cronin, J.; McNair, PJ.; Marshall, R.N. Developing Explosive Power: A Comparison of Technique and Training. J. Sci. Med. Sport
2001, 4, 59-70. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S1440-2440(01)80008-6

	Introduction 
	Materials and Methods 
	Experimental Approach 
	Participants 
	Equipment 
	Vertical Jump Testing 
	Data Collection 
	Statistical Analysis 

	Results 
	Squat Jump 
	Countermovement Jump 
	Elastic Utilization Ratios 

	Discussion 
	SJ and CMJ Acute Adaptations 
	Eccentric Utilization Ratios 
	Practical Applications 
	Limitations 

	Conclusions 
	References

