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Abstract

The countermovement jump (CMJ) is a common measure of lower-body power and neu-
romuscular performance. Incorporating an arm swing (AS) enhances CMJ outcomes, yet
the contributions of anthropometrics, body composition (BC), and muscular power to
performance are not fully understood in recreationally active adults. This study exam-
ined these factors in CMJ trials with and without AS. Thirty adults (15 males, 15 females;
18–25 years) performed CMJs on a force plate. Upper-body power was assessed via an 8 kg
medicine ball throw, and lower-body power using a maximal cycling-based power test.
Three-dimensional body scanning captured anthropometric data. Descriptive statistics,
Pearson correlations, and hierarchical multiple regressions were conducted for the total
sample and by sex. Jump height and peak power were significantly greater with AS than
without (p < 0.001). Strong positive correlations were observed among jump- and power-
related variables (r = 0.73–0.92). Body fat percentage showed moderate-to-strong negative
associations with relative peak power, particularly in females. Regression analyses re-
vealed that BC accounted for the largest proportion of variance in AS Peak Power, whereas
upper-body power did not provide additional predictive value beyond anthropometrics
and BC. These findings indicate that CMJ performance may be influenced primarily by
lower-body mechanical capacity and BC, with adiposity consistently reducing relative
power output. The results underscore the importance of BC in explosive performance
training and support the use of AS-restricted jumps to isolate lower-body power during
performance assessments.

Keywords: countermovement jump; arm swing; peak power; anthropometrics; explosive
performance

1. Introduction
The CMJ is a widely used and well-validated assessment for evaluating lower-body

power and neuromuscular performance across athletic, recreational, and clinical popu-
lations [1,2]. Consequently, it has become a cornerstone measure for athlete monitoring,
performance evaluation, fatigue assessment, and training adaptation in both research and
applied sport settings [3]. In particular, the CMJ is frequently used to assess readiness,
fatigue, and training adaptations in power-based sports in which rapid force production
is critical to success [4,5]. These sports include Olympic weightlifting, sprinting, jumping
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events, throwing disciplines, basketball, volleyball, American football, rugby, and soc-
cer, all of which require athletes to generate high levels of force in minimal time during
competitive actions.

The CMJ incorporates a rapid eccentric–concentric sequence that capitalizes on the
stretch-shortening cycle (SSC), allowing it to reflect muscular strength, elastic energy stor-
age, and intermuscular coordination [6,7]. This coupling of mechanical and neural factors
closely resembles the demands of many sport-specific movements, such as sprint accelera-
tion, change in direction, rebounding, and weightlifting pulls. Consequently, CMJ-derived
variables such as jump height, peak power, and impulse are often used as proxies for an
athlete’s ability to express explosive power during competition. Advances in force plate
technology have further enhanced the value of the CMJ by enabling detailed examination
of force–time characteristics, providing deeper insight into how force is produced, rather
than simply how high an individual jumps.

In laboratory and clinical settings, the CMJ is often performed without an AS (hands
akimbo) to isolate lower-limb contribution and improve test standardization. While this
approach enhances internal validity, it may limit ecological relevance for sports in which
coordinated whole-body movements dominate performance. In contrast, when an AS
is permitted, CMJ performance is consistently enhanced, better reflecting the integrated
nature of explosive athletic tasks [8,9]. Biomechanical analyses indicate that AS increases
jump height by augmenting total system impulse, improving force transmission through the
trunk, and increasing takeoff velocity [10,11]. These mechanisms align with performance
strategies observed in power-based sports, where the upper and lower extremities act
synergistically to maximize force output.

From an applied perspective, the magnitude of performance enhancement associated
with AS is substantial. Improvements of approximately 10–30% in jump height have been
reported when comparing AS to NAS conditions [9,12]. Such differences are meaningful in
competitive sport contexts, where small changes in explosive performance can influence
match outcomes, selection decisions, or training evaluations. However, these improvements
are not uniform across individuals, suggesting that the effectiveness of AS may depend
on a combination of anthropometric, neuromuscular, and coordinative factors that vary
between individuals.

Anthropometric characteristics such as height and body mass have been linked to
CMJ performance, particularly in relation to absolute and relative power production [13].
In power-based sports, where athletes often compete within weight classes or positional
demands, body composition becomes a critical determinant of performance efficiency. Ex-
cess adiposity has been shown to negatively influence relative power output by increasing
non-contributory mass that must be accelerated during explosive tasks [14,15]. These
relationships highlight the importance of considering not only how much power an athlete
can generate, but also how effectively that power is expressed relative to body mass.

Sex-based differences further complicate the interpretation of CMJ performance. Fe-
male participants often demonstrate stronger associations between body composition
variables—particularly body fat percentage—and explosive performance outcomes such as
jump height and relative peak power [14,15]. This relationship may be driven by differences
in fat distribution and relative muscle mass, whereby a greater proportion of non-contractile
tissue increases the mechanical load that must be accelerated during vertical jumping tasks,
disproportionately affecting relative power output in females [10].

In addition to body composition, sex-related differences in muscle architecture and
neuromuscular function may further influence CMJ performance. Females typically exhibit
less absolute muscle cross-sectional area, reduced musculotendinous stiffness, and less
maximal force production compared with males, which may alter force–time character-
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istics during the eccentric and concentric phases of the CMJ [7,16]. These structural and
functional differences may necessitate alternative movement strategies, such as longer
countermovement durations or reduced peak force expression, to achieve comparable jump
heights. Consequently, performance outcomes in females may be more sensitive to changes
in body composition and relative strength than in males, particularly when AS is restricted,
and compensatory mechanisms are limited [16].

Neuromuscular activation strategies also appear to differ between sexes and may
contribute to observed performance disparities. Previous research suggests that females
may rely more heavily on proximal musculature and exhibit altered intermuscular coor-
dination patterns during explosive tasks, potentially reflecting differences in motor unit
recruitment, rate of force development, and coordination efficiency [17,18]. These factors
may amplify the influence of anthropometric and body composition characteristics on CMJ
performance, particularly in recreationally active populations where training histories and
technical proficiency may vary widely.

From an applied perspective, recognizing sex-specific determinants of CMJ perfor-
mance is critical for practitioners working in mixed-sex training environments. Assessment
protocols that rely solely on absolute performance metrics may obscure meaningful dif-
ferences in relative power expression and underlying mechanical limitations. Instead,
incorporating relative power measures, AS-restricted jump testing, and body composition
assessments may provide more informative insights for individualized program design.
Targeted interventions emphasizing relative strength development, neuromuscular ef-
ficiency, and favorable body composition adaptations may be particularly effective for
optimizing explosive performance in female athletes [18,19].

Despite substantial evidence supporting the performance benefits of arm swing (AS),
relatively few studies have directly quantified upper-body power or examined its indepen-
dent contribution to countermovement jump (CMJ) performance [20]. This represents a
notable gap in the literature, especially given the importance of upper-body explosiveness
in sports such as Olympic weightlifting, throwing events, and contact sports. It remains
unclear whether upper-body power meaningfully predicts CMJ outcomes beyond anthro-
pometric and lower-body factors, or whether the benefits of AS are primarily attributable
to coordination, timing, and segmental sequencing rather than force-generating capacity
alone [9]. Clarifying this distinction has important implications for both testing protocols
and training emphasis in power-based athletes.

Therefore, the purpose of this study was to examine the contributing factors to CMJ
power production under AS and NAS conditions in recreationally active adults. Specifically,
this study aimed to evaluate the relationships among anthropometrics, body composition,
upper-body power, and lower-body power, and to determine whether these variables dif-
ferentially predict CMJ peak power. A secondary aim was to explore sex-specific patterns
in these relationships, given known differences in body composition and neuromuscular
characteristics. It was hypothesized that (1) AS would significantly enhance CMJ perfor-
mance relative to NAS, (2) body composition would be a stronger predictor of relative peak
power than upper-body power, and (3) body fat percentage would demonstrate stronger
negative associations with jump performance in female participants.

2. Methods and Materials
2.1. Participants

Thirty recreationally active adults (15 males, 15 females) aged 18 to 25 years partic-
ipated in this study. Participants were eligible if they engaged in at least two structured
physical activity sessions per week and reported no upper- or lower-extremity injuries
within the previous six months. Exclusion criteria included any history of neuromus-
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culoskeletal disorders affecting movement or inability to safely perform maximal effort
jumping or throwing tasks. All participants provided written informed consent prior
to participation.

2.2. Testing Procedures

Anthropometric and body composition measurements were collected using a Fit3D
ProScanner (Fit3D Inc., San Mateo, CA, USA). Participants wore form-fitting athletic cloth-
ing, removed footwear, and stood in a standardized position during scanning. Measures
included height, body mass, lean mass, fat mass, and body fat percentage. Participants then
completed a standardized dynamic warm-up consisting of light locomotor movements,
dynamic mobility drills, and low-intensity plyometric exercises to prepare for maximal
effort testing.

The countermovement jump (CMJ) assessment was performed using the VALD
ForceDecks dual force plate system (VALD Performance, Brisbane, Australia). Ground
reaction force data were sampled at 1000 Hz and processed using ForceDecks software
(version 1.3.0 or the current laboratory version). Prior to testing, participants completed a
standardized warm-up consisting of 5 min of light aerobic activity followed by dynamic
lower-extremity movements and several submaximal practice jumps, consistent with rec-
ommended CMJ testing procedures [21].

Participants completed CMJs under two conditions: with arm swing (AS) and without
arm swing (NAS). During the NAS condition, participants maintained an akimbo position
with both hands placed on the hips throughout the movement to minimize upper-body
contribution. For the AS condition, participants were instructed to use a natural arm
swing to maximize jump performance. Three maximal-effort jumps were performed in
each condition, with approximately 30–60 s of passive recovery provided between trials.
Standardized verbal encouragement was given during each attempt, consistent with current
recommendations for force plate-based jump assessments [21].

Vertical ground reaction force signals were low-pass filtered using a fourth-order
zero-lag Butterworth filter (50 Hz cutoff frequency) prior to analysis. Body weight was
determined from a quiet standing period preceding each jump. Movement onset was
identified when vertical force deviated by more than 5 standard deviations from body
weight, and take-off was detected when vertical force fell below 20 N, procedures that have
been widely adopted in force plate analyses of CMJ performance [21,22]. Jump height was
calculated using the impulse–momentum method, whereby take-off velocity was derived
from the net vertical impulse and converted to jump height using the ballistic equation
(h = v2/2g), the preferred approach because it is less susceptible to errors associated with
flight-time calculations [4,21].

For each condition, the mean of the three trials was used for subsequent statistical
analyses. Force plate-derived CMJ variables have demonstrated excellent measurement
reliability, with intraclass correlation coefficients (ICC) generally exceeding 0.90 and coeffi-
cients of variation (CV) typically below 10% for jump height and other kinetic variables,
supporting their use for evaluating lower-body neuromuscular performance [4,21].

Upper-body power was assessed using an 8 kg medicine ball incline throw. Partici-
pants were seated against a 45◦ incline bench with their head and upper back maintained in
contact with the bench throughout the movement to minimize contributions from the trunk
and lower extremities. From this standardized position, participants performed a maximal
forward chest pass, and the horizontal distance traveled by the medicine ball was recorded.
Three maximal trials were completed with 45–60 s of passive recovery between attempts,
and the greatest throwing distance was retained for analysis. Medicine ball throw protocols
performed from seated or inclined positions have demonstrated excellent reliability and
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validity as field-based assessments of upper-body explosive power across athletic and
recreational populations [23,24]. Additionally, the seated medicine ball throw has been
shown to provide reliable estimates of upper-body power while minimizing compensatory
lower-body involvement [25].

Lower-body power was assessed using a Wattbike (Wattbike Ltd., Nottingham, UK)
through a maximal cycling power protocol. Participants completed three 6 s maximal
sprints against standardized resistance, with sufficient passive recovery between efforts to
minimize fatigue. Peak power output (W) from the best trial performance was retained
for statistical analysis. Short-duration maximal cycling tests performed on the Wattbike
have been shown to provide valid and reliable measures of peak anaerobic power and
demonstrate strong agreement with the laboratory-based Wingate Anaerobic Test while
reducing the fatigue associated with longer testing protocols [26]. Participants completed
the Wattbike lower-body power Test, consisting of three 6 s maximal-effort sprints per-
formed on a Wattbike ergometer. Prior to testing, the bicycle was individually adjusted (e.g.,
saddle height, saddle fore-aft position, and handlebar height) according to standardized
fitting procedures to ensure proper biomechanics and participant comfort. Participants
then completed a standardized 5 min warm-up at a self-selected, light-to-moderate in-
tensity. Following the warm-up, participants performed three 6 s maximal sprints, with
1 min of passive recovery between each bout. Strong verbal encouragement was provided
during each effort to promote maximal performance. Upon completion of the final sprint,
participants performed a 5 min cool-down at a light, self-selected intensity.

2.3. Data Analysis

Descriptive statistics were calculated for all variables for the total sample and stratified
by sex. Pearson product–moment correlations were used to examine relationships among
anthropometric, body composition, and performance variables. Hierarchical multiple
regression analyses were conducted to identify predictors of AS Peak Power normalized to
body mass, with height entered first, followed by body composition variables, and then per-
formance variables. Pearson product–moment correlation coefficients (r) were calculated
to examine the relationships among anthropometric, body composition, and performance
variables. The magnitude of correlation coefficients was interpreted according to the recom-
mendations of [27]: trivial (|r| < 0.10), small (|r| = 0.10–0.29), moderate (|r| = 0.30–0.49),
large (|r| = 0.50–0.69), very large (|r| = 0.70–0.89), nearly perfect (|r| = 0.90–0.99), and
perfect (r = 1.00). Both the strength and direction of statistically significant relationships
were interpreted, and coefficients of determination (r2) were reported for selected key rela-
tionships to facilitate interpretation of the proportion of shared variance between variables.
Statistical significance was set at p < 0.05.

3. Results
3.1. Descriptive Statistics

Descriptive characteristics for the total sample (N = 30) and by sex are presented in
Table 1. The sample consisted of 15 male and 15 female participants. Overall, participants
demonstrated a mean lower-body power output of 2062.2 ± 611.5 W and a medicine
ball throw distance of 98.9 ± 23.1 in. Mean height, body mass, body fat percentage, lean
mass, and fat mass for the total sample were 67.9 ± 3.9 in, 159.7 ± 43.7 lb, 22.4 ± 8.0%,
122.1 ± 26.1 lb, and 37.6 ± 23.0 lb, respectively.
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Table 1. Descriptive characteristics of the total sample and stratified by sex.

Variable Total Sample (N = 30) Male (n = 15) Female (n = 15)

Lower-Body Power (W) 2062.2 ± 611.5 2232.1 ± 628.3 1892.2 ± 563.7

Medicine Ball Average (in) 98.9 ± 23.1 115.9 ± 18.8 81.9 ± 11.4

Height (in) 67.9 ± 3.9 70.3 ± 2.3 65.5 ± 3.6

Body Mass (BM) (lb) 159.7 ± 43.7 178.8 ± 47.6 140.6 ± 30.0

Body Fat (%) 22.4 ± 8.0 20.5 ± 8.7 24.2 ± 6.9

Lean Mass (lb) 122.1 ± 26.1 139.1 ± 24.0 105.0 ± 14.5

Fat Mass (lb) 37.6 ± 23.0 39.7 ± 28.0 35.6 ± 17.3

NAS Jump Height 30.7 ± 10.4 35.9 ± 11.5 25.5 ± 5.8

NAS Peak Power 52.3 ± 6.7 62.63 ± 9.4 42.48 ± 4.8

NAS Peak Power/BM 46.7 ± 9.9 52.2 ± 10.3 41.3 ± 5.7

AS Jump Height 39.7 ± 20.5 49.0 ± 25.3 30.4 ± 6.9

AS Peak Power 61.91 ± 18.78 70.56 ± 9.47 54.29 ± 3.8

AS Peak Power/BM 56.2 ± 15.2 64.4 ± 16.7 47.9 ± 7.4

Variable Total Sample (N = 30) Male (n = 15) Female (n = 15)

Lower-Body Power (W) 2062.2 ± 611.5 2232.1 ± 628.3 1892.2 ± 563.7

Medicine Ball Average (in) 98.9 ± 23.1 115.9 ± 18.8 81.9 ± 11.4

Height (in) 67.9 ± 3.9 70.3 ± 2.3 65.5 ± 3.6

Body Mass (BM) (lb) 159.7 ± 43.7 178.8 ± 47.6 140.6 ± 30.0

Body Fat (%) 22.4 ± 8.0 20.5 ± 8.7 24.2 ± 6.9

Lean Mass (lb) 122.1 ± 26.1 139.1 ± 24.0 105.0 ± 14.5

Fat Mass (lb) 37.6 ± 23.0 39.7 ± 28.0 35.6 ± 17.3

NAS Jump Height 30.7 ± 10.4 35.9 ± 11.5 25.5 ± 5.8

NAS Peak Power 52.3 ± 6.7 62.63 ± 9.4 42.48 ± 4.8

NAS Peak Power/BM 46.7 ± 9.9 52.2 ± 10.3 41.3 ± 5.7

AS Jump Height 39.7 ± 20.5 49.0 ± 25.3 30.4 ± 6.9

AS Peak Power 61.91 ± 18.78 70.56 ± 9.47 54.29 ± 3.8

AS Peak Power/BM 56.2 ± 15.2 64.4 ± 16.7 47.9 ± 7.4
Note: Mean ± SD, BM = body mass, NAS = no arm swing, AS = arm swing.

Male participants were taller (70.3 ± 2.3 vs. 65.5 ± 3.6 in), heavier (178.8 ± 47.6
vs. 140.6 ± 30.0 lb), and possessed greater lean mass (139.1 ± 24.0 vs. 105.0 ± 14.5 lb)
than female participants, whereas females exhibited a higher mean body fat percentage
(24.2 ± 6.9% vs. 20.5 ± 8.7%). Mean fat mass was similar between groups (39.7 ± 28.0 vs.
35.6 ± 17.3 lb).

Performance measures also differed by sex. Male participants produced greater lower-
body power (2232.1 ± 628.3 vs. 1892.2 ± 563.7 W) and longer medicine ball throw distances
(115.9 ± 18.8 vs. 81.9 ± 11.4 in) than female participants. During the countermovement
jump performed without arm swing (NAS), males demonstrated greater jump height
(35.9 ± 11.5 vs. 25.5 ± 5.8), peak power (62.63 ± 9.4 vs. 42.48 ± 4.8), and peak power
relative to body mass (52.2 ± 10.3 vs. 41.3 ± 5.7). Similar trends were observed for the
countermovement jump performed with arm swing (AS), with males demonstrating higher
jump height (49.0 ± 25.3 vs. 30.4 ± 6.9), peak power (70.56 ± 9.47 vs. 54.29 ± 3.8), and
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peak power relative to body mass (64.4 ± 16.7 vs. 47.9 ± 7.4). Across the total sample,
AS countermovement jumps produced greater jump heights and peak power values than
NAS jumps.

3.2. Correlational Analyses

Pearson product–moment correlations were examined among anthropometric, body
composition, and performance variables for the total sample and stratified by sex (Table 2).
For the total sample, very large-to-nearly perfect positive associations were observed
among all jump- and power-related variables (r = 0.73–0.92, p < 0.001), corresponding to
approximately 53–85% shared variance. Notably, no-arm-swing jump height was strongly
associated with no-arm-swing peak power (r = 0.91, r2 = 0.83), while arm-swing jump
height demonstrated a similarly strong relationship with relative peak power (r = 0.89,
r2 = 0.79). Body fat percentage exhibited large negative associations with relative peak
power measures, including no-arm-swing peak power relative to body mass (r = −0.62,
r2 = 0.38) and arm-swing peak power relative to body mass (r = −0.55, r2 = 0.30). Lean
mass was nearly perfectly associated with medicine ball performance (r = 0.90, r2 = 0.81),
indicating that greater lean mass was strongly related to upper-body power output. Height
was also positively associated with lean mass and medicine ball performance.

Table 2. Selected significant correlations (|r| ≥ 0.50) by group.

Variable Pair Total Sample Male Female

NAS Jump Height–NAS Peak Power 0.91 ** 0.86 ** 0.95 **

AS Jump Height–AS Peak Power/BM 0.89 ** 0.85 ** 0.95 **

Body Fat %–NAS Peak Power/BM −0.62 ** −0.58 * −0.69 **

Body Fat %–AS Peak Power/BM −0.55 ** ns −0.67 **

Lean Mass–Medicine Ball 0.90 ** 0.86 ** 0.70 **
Note: ** p < 0.01; * p < 0.05; NAS = no arm swing, AS = arm swing, BM = body mass.

Sex-specific analyses revealed distinct patterns in the relationships among body com-
position and performance variables. Among males, jump and power variables remained
strongly interrelated, with correlations ranging from large to nearly perfect (e.g., no-arm-
swing jump height and no-arm-swing peak power, r = 0.86; arm-swing jump height and
relative peak power, r = 0.85). However, body composition variables demonstrated fewer
significant relationships with performance outcomes. Although body fat percentage was
negatively associated with no-arm-swing peak power relative to body mass (r = −0.58,
p < 0.05), other associations between adiposity and performance were generally weaker
and did not consistently reach statistical significance.

In contrast, females demonstrated stronger and more consistent associations between
body composition and performance. Body fat percentage exhibited large negative relation-
ships with relative peak power measures, including no-arm-swing peak power relative
to body mass (r = −0.69, r2 = 0.48) and arm-swing peak power relative to body mass
(r = −0.67, r2 = 0.45), indicating that greater adiposity was associated with lower relative
power production. Additionally, jump height and peak power variables were nearly per-
fectly related (e.g., no-arm-swing jump height and no-arm-swing peak power, r = 0.95,
r2 = 0.90; arm-swing jump height and relative peak power, r = 0.95, r2 = 0.90). Collec-
tively, these findings suggest that body composition may play a more influential role in
lower-body performance among females than males within the present sample.

https://doi.org/10.3390/sports14070301

https://doi.org/10.3390/sports14070301


Sports 2026, 14, 301 8 of 13

Paired-Sample t-Test Analysis

As displayed in Table 3, apaired-sample t-test was conducted to compare counter-
movement jump height with arm swing (AS jump height) and without arm swing (NAS
jump height). Results indicated a statistically significant difference between conditions,
t(29) = 4.10, p < 0.001. Jump performance was higher in the arm-swing condition (M = 39.73,
SD = 20.54) compared with the no-arm-swing condition (M = 30.67, SD = 10.38), yielding a
mean difference of 9.06 units (95% CI [4.54, 13.59]).

The association between conditions was strong and positive (r = 0.898, p < 0.001),
indicating that individuals who performed well in one condition tended to perform well
in the other. The magnitude of the difference was moderate-to-large, with a standardized
effect size of Cohen’s d = 0.75 (Hedges’ g = 0.73), suggesting a practically meaningful
performance enhancement associated with arm swing during the countermovement jump.

Table 3. Results of a paired-sample t-test analysis comparing CMJ with and without arm swing.

Variable Pair M SD r Mean Difference t df p 95% CI

AS vs. NAS CMJ 39.73 20.54 0.898 9.06 4.1 29 <0.001 [4.54, 13.59]

30.67 10.38

3.3. Regression Analyses

Hierarchical multiple regression analyses were conducted with AS Peak Power as
the dependent variable. Predictors were entered in three stages: (1) height, (2) body
composition variables (fat mass, lean mass, body fat percentage), and (3) performance
variables (lower-body power, medicine ball performance).

For the total sample, height emerged as a significant baseline predictor, explaining
16.9% of the variance. The addition of body composition variables significantly improved
the model, increasing explained variance to 45.2%. The final addition of performance
variables did not significantly enhance model fit, yielding a final R2 of 0.481. Notable
multicollinearity was observed among body composition variables.

Sex-specific regression analyses demonstrated divergent patterns. In one subgroup,
no model reached statistical significance, whereas in the other subgroup, body composition
accounted for a substantial proportion of explained variance (>50%), and height emerged
as a significant suppressor variable in the final model. Across all models, performance
variables did not contribute significant unique variance beyond anthropometric and body
composition measures.

Regression Analysis

A hierarchical regression analysis was conducted to examine whether medicine ball
performance (MBavg), bike power peak average (BPPAvg), and body fat percentage (BFPer)
predicted arm-swing countermovement jump height (AS jump height) can be seen in
Table 4. The overall regression model was not statistically significant, F(3, 26) = 1.93,
p = 0.150, accounting for 18.2% of the variance in AS jump height (R2 = 0.182, adjusted
R2 = 0.088).

Although the omnibus model did not reach statistical significance, inspection of
individual predictors indicated differential associations with AS jump height. Medicine
ball performance was not a significant predictor (B = 0.168, SE = 0.167, β = 0.189, t = 1.005,
p = 0.324). Bike power peak average demonstrated a positive association with AS jump
height and reached statistical significance (B = 0.022, SE = 0.018, β = 0.262, t = 1.214,
p = 0.035). In contrast, body fat percentage was negatively associated with AS jump height
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and was statistically significant (B = −0.350, SE = 0.538, β = −0.136, t = −0.651, p = 0.021).
The intercept was also statistically significant (B = 12.759, SE = 24.441, t = 0.522, p = 0.045).

Table 4. Summary of hierarchical regression models predicting AS Peak Power.

Source SS df MS F p

Regression 2227.246 3 742.415 1.928 0.15

Residual 10,013.481 26 385.134

Total 12,240.727 29

Predictor B SE β t p

Constant 12.759 24.441 — 0.522 0.045

MBavg 0.168 0.167 0.189 1.005 0.324

BPPAvg 0.022 0.018 0.262 1.214 0.035

BFPer −0.350 0.538 −0.136 −0.651 0.021
AS jump height = arm-swing countermovement jump height; MBavg = medicine ball average throw distance;
BPPAvg = body power peak average; BFPer = body fat percentage. B = unstandardized regression coefficient;
SE = standard error; β = standardized coefficient. Statistical significance was set at p < 0.05.

4. Discussion
Despite substantial evidence demonstrating that an arm swing (AS) enhances counter-

movement jump (CMJ) performance, relatively few studies have examined the independent
contribution of upper-body power after accounting for anthropometric characteristics,
body composition, and lower-body power. Consequently, it remains unclear whether
improvements in CMJ performance with AS are primarily attributable to upper-body
force-generating capacity or to enhanced movement coordination and segmental sequenc-
ing. Addressing this gap is important because CMJ testing is widely used by coaches,
clinicians, and sport scientists to evaluate neuromuscular performance, monitor training
adaptations, and inform rehabilitation and performance programming. A better under-
standing of the factors that influence CMJ performance under AS and no arm swing (NAS)
conditions may improve the interpretation of jump assessments and guide more targeted
training interventions.

The purpose of this study was to examine the contributing factors to jump power
production, with particular emphasis on the role of anthropometrics, body composition, and
upper- and lower-body power measures in jumps performed with and without an AS. The
primary findings indicate that jump power is strongly influenced by lower-body mechanical
capacity across conditions, while body composition—particularly adiposity—emerges as
a key moderating factor, especially when the AS is restricted. Collectively, these results
suggest that while the AS enhances jump performance through coordination and force
transfer, underlying physical characteristics remain central determinants of power output.

Consistent with prior literature, very strong correlations were observed among jump
height, impulse momentum, and peak power measures across AS conditions. These
findings align with biomechanical models demonstrating that AS augments vertical jump
performance by increasing system impulse, enhancing center-of-mass displacement, and
allowing greater force production at the hip and knee extensors [8,10]. The high shared
variance between AS and NAS jump metrics in the present study suggests that AS primarily
may amplify existing lower-body power rather than fundamentally alter the performance
hierarchy among individuals.

Body composition emerged as a meaningful contributor to jump power production,
particularly for relative (body–mass-normalized) outcomes. Across the total sample, body
fat percentage demonstrated moderate to strong negative relationships with both AS
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and NAS peak power. These findings support previous work showing that excess non-
functional mass imposes mechanical constraints on vertical displacement and limits rel-
ative power output [14,15]. Notably, these negative associations were more pronounced
in AS-restricted conditions, suggesting that when compensatory strategies such as arm
contribution are removed, the detrimental influence of adiposity on jump performance
becomes more apparent.

Sex-stratified analyses revealed distinct patterns in the contribution of body compo-
sition to jump power. Female participants demonstrated stronger and more consistent
negative associations between body fat percentage and all jump power variables, regard-
less of AS condition. This finding aligns with previous research indicating that relative
strength and body composition exert a greater influence on explosive performance in
female athletes [16,17]. In contrast, male participants exhibited weaker and less consistent
relationships between body composition and jump performance, suggesting that greater
absolute strength and muscle mass may partially offset the mechanical disadvantages
associated with higher fat mass during jumping tasks.

Hierarchical regression analyses further clarified the relative importance of contribut-
ing factors. While height served as a modest baseline predictor of jump power, the addition
of body composition variables accounted for the largest increase in explained variance,
whereas upper-body performance measures (medicine ball throw and lower-body power)
failed to provide meaningful unique contributions. These findings suggest that although
the AS relies on coordinated upper-body motion, upper-body power alone may not inde-
pendently predict jump power once lower-body and anthropometric factors are considered.
This supports previous biomechanical evidence that the AS benefit is largely derived from
timing, coordination, and force transmission rather than upper-body strength per se [9].

From an applied sport science perspective, the interpretation of these findings aligns
strongly with established literature in neuromuscular performance, plyometrics, and jump
biomechanics. Collectively, the results highlight that vertical jump performance is not
solely a function of task execution (e.g., arm use) but rather emerges from the interaction
of lower-body force production capacity, intermuscular coordination, and morphological
characteristics such as body composition [27–31].

A primary consideration is the role of lower-body force production as a key driver of
vertical jump performance improvements. Extensive evidence indicates that enhancements
in maximal and rapid force production—particularly in the lower extremities—are strongly
associated with improvements in countermovement jump (CMJ) performance [18,19].
Training interventions that improve rate of force development (RFD), neuromuscular
efficiency, and stretch-shortening cycle utilization consistently translate into increased jump
height and power output [31,32]. In this context, both AS (arm-swing) and AS-restricted
conditions ultimately reflect the underlying capacity of the neuromuscular system to
generate force against the ground. Thus, improvements observed in either condition are
likely underpinned by adaptations in muscular strength, tendon stiffness, and motor unit
recruitment strategies rather than task-specific mechanics alone.

Body composition further contributes meaningfully to jump performance outcomes.
A lower relative fat mass and higher lean mass are consistently associated with superior
jump height and power, primarily due to improved force-to-mass ratio [18,19]. Because
vertical jumping is a body–weight-dependent task, even modest improvements in relative
strength (i.e., force production relative to body mass) can significantly enhance performance.
This helps explain why changes in jump performance often co-occur with strength gains
and favorable shifts in body composition, particularly in training populations engaged in
resistance and plyometric training interventions [32].
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The distinction between AS-restricted and AS conditions is particularly important
from an assessment standpoint. Restricting arm swing reduces the contribution of upper-
body momentum and minimizes compensatory movement strategies, thereby isolating
lower-extremity force production capacity more directly. Research has shown that arm
swing can increase vertical jump height by 10–20% through enhanced impulse generation
and improved coordination of segmental momentum transfer [8,9]. Consequently, AS-
restricted jumps (e.g., hands-on-hips CMJ) may provide a more “pure” measure of lower-
body power by limiting elastic and coordinative contributions from the upper body and
trunk. This makes them particularly useful for identifying mechanical limitations such as
force production deficits, impaired eccentric–concentric transition efficiency, or suboptimal
impulse characteristics.

In contrast, AS jumps may better reflect sport-specific performance demands, where
whole-body coordination and segmental interaction are essential for maximizing output.
Many athletic tasks—such as rebounding, spiking, or sprint-based jump actions—naturally
incorporate arm swing and full-body integration to optimize impulse. The coordinated
contribution of the upper extremities increases total system momentum and enhances take-
off velocity through improved mechanical energy transfer [9,32]. From this perspective, AS
jumps may provide higher ecological validity for sport performance assessment, even if
they introduce additional variability due to coordination skill.

Collectively, these findings add to the current body of literature by reinforcing that
optimal jump performance is influenced by the interaction of multiple neuromuscular,
biomechanical, and morphological factors, supporting the use of multifactorial training
approaches. Strength development remains foundational, particularly for improving maxi-
mal force output and RFD characteristics [19]. However, technical coordination—including
effective arm swing timing and trunk control—plays a critical role in translating force into
usable impulse during dynamic sport tasks [1]. Therefore, optimal programming should
integrate heavy resistance training, plyometrics, and sport-specific coordination drills to
maximize transfer to performance. Additionally, monitoring both AS and AS-restricted
jump outcomes can provide practitioners with complementary insights: one reflecting
maximal lower-body capacity and the other reflecting integrated athletic performance.

5. Conclusions
This study’s results demonstrated that lower-body mechanical capacity and body

composition may be primary determinants of jump power, with adiposity exerting a
particularly strong influence on relative performance when the arm swing is restricted.
While the arm swing enhances jump outcomes through coordination and force transfer, it
largely appeared to amplify existing lower-body power rather than altering the performance
hierarchy among individuals. Sex-specific analyses highlight that body composition may
play a more pronounced role in female participants, emphasizing the importance of relative
strength and lean mass in explosive movements. Medicine ball throw performance did
not explain additional variance in CMJ performance beyond anthropometric and body
composition variables.

These findings suggest that targeted interventions aimed at improving lower-body
strength, optimizing body composition, and refining technical coordination are essential
for maximizing jump power, and that arm-swing-restricted testing can effectively isolate
true lower-body capacity.
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