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N o a

Abstract

Background: Paralympic powerlifting requires high upper-limb force production within a
short time frame, making anaerobic power a potentially relevant physiological component
associated with competitive performance. This study aimed to analyze the associations
between biodynamic variables and competitive performance in Paralympic powerlifting
athletes. Methods: A cross-sectional study was conducted with 13 elite Paralympic power-
lifters. Body composition was assessed using DXA. Arm isometric strength was measured
by the handgrip test, dynamic strength by the medicine ball throw, and anaerobic power
by an upper-limb-adapted Wingate test. Competitive performance was determined based
on the official ranking position in the Brazilian Paralympic Powerlifting Championship.
Results: Significant correlations were observed between all anaerobic power variables
and competitive performance: relative mean power (r = —0.864; p < 0.001), mean power
(r = —0.804; p = 0.003), relative peak power (r = —0.766; p = 0.006), and peak power
(r=—0.791; p = 0.004). Additionally, total lean mass and left-hand grip strength showed
significant associations with maximum competition lift in exploratory linear regression
analyses. Conclusions: Upper-limb anaerobic power showed strong associations with
competitive performance indicators in Paralympic powerlifting athletes. Furthermore, lean
mass and upper-limb isometric strength showed significant associations with maximum
competition lift, supporting the multifactorial nature of competitive performance in Para-
lympic powerlifting. These findings suggest the potential relevance of integrating power-,
strength-, and body composition-oriented assessments and interventions into the training
process of elite Paralympic powerlifters.
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1. Introduction

Paralympic Powerlifting (PP) is one of the fastest-growing Paralympic sports and is
characterized by high demands of upper-limb strength and performance. Competitive
success depends on the ability to lift the maximum load in the bench press according to
official competition rules and body-weight categories [1]. Due to the structure of the sport
and classification system, athletes compete within weight classes, which may influence
performance interpretation and ranking outcomes.

Paralympic Powerlifting is organized into body-weight categories, in which athletes
compete within specific classes according to official regulations. Therefore, competitive
performance outcomes may be influenced not only by physiological characteristics but also
by weight-category context [2]. Considering that competitive performance in the present
study was operationalized as ranking position, the potential influence of body-weight
categories should be considered when interpreting the findings.

Paralympic athletes present heterogeneous impairment profiles that may influence
physiological and performance responses. Factors such as impairment type, body asymme-
tries, functional limitations, and altered movement patterns may affect force production,
body composition characteristics, and competitive performance [3]. Therefore, the re-
lationship between physiological variables and competitive performance in Paralympic
athletes may differ from that observed in able-bodied populations, reinforcing the need for
population-specific investigations.

Upper-limb anaerobic power has been considered an important physiological com-
ponent in sports involving short-duration and high-intensity efforts. In Paralympic Pow-
erlifting, the ability to produce and sustain power may contribute to competitive perfor-
mance, particularly considering the upper-limb demands of the modality [3]. Therefore,
assessments such as the Wingate test may provide useful information regarding athletes’
anaerobic profile and performance-related characteristics.

Traditionally, maximal strength has been considered an important component of
success in powerlifting disciplines. However, evidence suggests that performance in Para-
lympic contexts is multifactorial, involving not only strength but also body composition
characteristics and physiological factors related to performance [4,5]. In this context, as-
sessments of anaerobic power and body composition may contribute to understanding
competitive performance in Paralympic Powerlifting athletes. These aspects are especially
relevant in Paralympic athletes, whose heterogeneous impairment profiles may influence
body composition, movement patterns, functional capacity, and force production charac-
teristics. Differences related to impairment type, asymmetries, and functional limitations
may contribute to variability in physiological responses and competitive performance.
Consequently, the relative contribution of performance determinants may differ from that
observed in able-bodied athletes, reinforcing the need for population-specific investigation.

The Wingate test adapted for the upper limbs has been widely used to assess anaer-
obic power and has demonstrated validity and reliability in populations with physical
disabilities [6-11]. This test provides important indicators such as peak power, mean power,
and fatigue index, which can help characterize the anaerobic profile of athletes [12-18].
Moreover, its capacity to simulate short-duration, high-intensity efforts enhances its rele-
vance for sports requiring rapid force production [19-24]. Despite its applicability, there is
still a scarcity of studies investigating how these variables relate specifically to performance
in Paralympic powerlifting competitions. Moreover, most existing studies have focused on
able-bodied populations, limiting the generalizability of findings to Paralympic athletes
and underscoring the need for context-specific evidence. In addition, available evidence
rarely considers important contextual factors, such as body-weight categories and impair-
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ment heterogeneity, which may influence performance interpretation and the relationships
between physiological variables and competitive outcomes.

Furthermore, the relationship between biodynamic variables—including body compo-
sition, assessed by dual-energy X-ray absorptiometry (DXA), handgrip strength, medicine
ball throw performance, and upper-limb anaerobic power assessed through the Wingate
test—and competitive outcomes remains insufficiently explored in Paralympic Powerlifting
athletes. A better understanding of these associations may contribute to the interpretation
of physiological and performance-related characteristics in this population and support
evidence-based approaches for performance monitoring.

Importantly, understanding the associations between biodynamic variables and com-
petitive outcomes may contribute to improving performance interpretation and monitoring
in Paralympic Powerlifting [25-28]. Considering that competitive performance in the
present study was operationalized as ranking position, investigating physiological vari-
ables associated with performance may provide relevant information regarding athlete
characteristics and performance-related profiles in this population. Such an approach is
especially pertinent in Paralympic populations, where heterogeneity in impairment type
and functional capacity may influence the interaction between physiological variables
and competitive performance. However, although relevant, impairment heterogeneity was
not controlled in the present study and should therefore be considered when interpreting
the findings.

Therefore, the aim of this study was to analyze the associations between biodynamic
variables related to body composition, strength, and anaerobic power and competitive
performance, operationalized as ranking position, in Paralympic powerlifting athletes.
Additionally, exploratory secondary analyses were conducted using maximum competition
lift as a complementary performance outcome.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional study included a sample of 13 Paralympic Powerlifting athletes of
both sexes competing at national and international levels. According to the International
Classification of Athletes [29], 15.4% were classified as Level 5 (Paralympic), 15.4% as Level
4 (International), and 69.2% as Level 3 (National). Participants were eligible according to
official Paralympic Powerlifting regulations and presented heterogeneous impairment pro-
files. The impairments represented in the sample included dwarfism (2 athletes), unilateral
and bilateral lower-limb amputations with different levels of involvement, poliomyelitis
affecting the lower limbs, tibial agenesis, spinal cord injury due to firearm injury (SCI) at
T4 and T6-T8 levels, paraplegia due to firearm injury at T9-T10 levels, and arthrogryposis.

Participants were recruited from Paralympic Powerlifting training centers and were
actively engaged in the modality during the data collection period. Inclusion criteria
were: (a) active participation in Paralympic Powerlifting competitions; (b) previous ex-
perience in the modality; (c) regular training practice during the data collection period,
with a minimum frequency of three weekly sessions lasting approximately two hours
each; and (d) eligibility according to official Paralympic Powerlifting regulations. Exclusion
criteria were: (i) presence of acute injuries or medical conditions preventing test completion;
and (ii) failure to attend all evaluation stages.

To obtain results representative of pre-competition conditions and to avoid confound-
ing effects related to overload or inadequate recovery, assessments were conducted 15 days
prior to the 2024 Brazilian Powerlifting Championship, officially sanctioned by the Brazilian
Paralympic Committee (5-6 December 2024) [13]. During this period, athletes were actively
engaged in regular training routines and were in the pre-competitive phase; however,
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tapering strategies, recent training load, and recovery status were not formally monitored.
Therefore, potential variations related to fatigue and pre-competition adjustments should
be considered when interpreting the findings. Participants received consistent verbal
encouragement during all testing procedures.

Participants were instructed to maintain their usual training, sleep, and nutritional rou-
tines during the assessment period, as evaluations were conducted in the pre-competition
phase. No specific restrictions regarding caffeine intake, hydration status, nutritional intake,
or upper-limb training were imposed before testing. Therefore, the potential influence of
these factors on anaerobic performance outcomes should be considered when interpreting
the findings.

The sample size calculation was performed a priori based on results from a previous
unpublished pilot study (n = 10) using the open-source software G*Power (Version 3.0; Berlin,
Germany) [24]. An o level of 0.05 and a statistical power of = 0.90 were adopted. The
estimated effect size (R? = 0.512) was based on the two-tailed correlation between mean power
measured in the upper-limb Wingate test and athletes’ ranking in a national competition.
The analysis indicated a statistical power of 0.91. Due to the limited sample size and the
exploratory correlational design of the study, analyses were not stratified according to sex
or impairment profile. Therefore, findings should be interpreted considering the potential
influence of these variables on physiological responses and competitive performance.

The study complied with all relevant national regulations and institutional policies,
followed the principles of the Declaration of Helsinki, and was approved by the local
Ethics Committee of the Federal University of Rio Grande do Norte (approval num-
ber: #83312924.5.0000.5537).

2.2. Procedures

Assessments were conducted in an accessible, controlled laboratory setting with stan-
dardized equipment. Data collection occurred in a single session (~50 min per participant).
Athletes were instructed to wear light clothing, empty their bladder prior to assessments,
and avoid intense physical activity on the evaluation day (Figure 1).
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Figure 1. Study design and experimental procedures performed in Paralympic Powerlifting athletes,
including participant characterization, pre-competition assessment period, sequence of experimental
evaluations, and competitive ranking acquisition. A: Participants; B: Pre-competition assessment; C:
Anthropometry + DXA; D: Handgrip Strength Test; E: Medicine Ball Throw Test; F: Upper-limb
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Wingate Test; G: Competitive ranking acquisition; H: Training routine maintained; I: A minimum
training frequency of three sessions per week (~2 h per session); J: Participation in national and inter-
national competitions. Illustrations were generated /modified using Al-assisted tools exclusively for
graphical representation purposes.

The sequence of assessments was as follows:

1.  Anthropometry (body mass and stature) and body composition analysis (DXA).
Upper-limb warm-up, followed by handgrip strength and medicine ball throw tests.

3. Ergometer familiarization and 5 min warm-up, followed by the Wingate upper-
limb test.

All assessments were conducted by a qualified physical education team, following the
specific protocols for each test.

2.2.1. Anthropometry

Lean mass, fat-free mass, and fat mass were assessed using dual-energy X-ray absorp-
tiometry (DXA; LUNAR®/GE PRODIGY—LNR 41.990, Washington, DC, USA; enCORE
software, GE Healthcare®, version 15.0, Madison, WI, USA). DXA settings included: whole-
body scan, voltage (kV): 76.0, current (mA): 0.150, and radiation dose (pGy): 0.4 (very low,
no health risk).

Prior to DXA assessments, the equipment was calibrated daily according to the manu-
facturer’s recommendations. Participants were instructed to wear light clothing and avoid
garments containing metallic components (e.g., zippers or metallic buttons). In addition, all
metallic objects were removed before image acquisition to minimize potential interference
during scanning procedures.

Assessments were performed with participants positioned in the supine position, with
the arms extended alongside the body according to standardized procedures. Participants
were instructed to empty their bladder before evaluation. However, fasting status and hy-
dration control were not formally standardized before assessment. All evaluations were
conducted by the same experienced examiner.

It should be noted that, in Paralympic populations, impairment-related characteris-
tics such as asymmetries, amputations, contractures, and altered body positioning may
influence body composition estimates derived from DXA assessments. Therefore, these
factors should be considered when interpreting body composition findings in athletes with
heterogeneous impairment profiles.

Body mass was measured using a digital scale (Filizola®, Sao Paulo, Brazil; max.
150 kg, accuracy 0.10 kg) or a wheelchair-accessible digital scale (Micheletti®, Sao Paulo,
Brazil, max. 500 kg, min. 2 kg, accuracy 0.1 kg). Stature was measured using a stadiometer
(Sanny®, Sao Paulo, Brazil; accuracy 0.1 mm) whenever orthostatic positioning was fea-
sible. For athletes unable to maintain the orthostatic position due to impairment-related
limitations, stature was estimated in the supine position (dorsal decubitus) according to
standardized anthropometric procedures.

2.2.2. Upper-Limb Isometric and Dynamic Strength

Isometric strength was assessed using a handgrip dynamometer (Jamar®—Sammons
Preston Rolyan, Bolingbrook, IL, USA; scale: 0-90 kg, static indicator, five hand-size
adjustments). Handgrip strength was selected due to its wide applicability in Paralympic
populations, methodological feasibility, and use as an indicator of global isometric strength.

Assessments were performed with participants seated, with the arm positioned along-
side the body and the elbow flexed at 90°. Familiarization procedures and individual grip
adjustments were performed before testing. Three maximal trials were performed with
each hand, with 60 s rest intervals between attempts. Both dominant and non-dominant
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hands were evaluated; however, the highest value obtained was recorded and expressed
in kilogram-force (kgf) [25]. Consistent verbal encouragement was provided during all
testing procedures.

Dynamic strength was assessed via a 2 kg medicine ball throw from a seated position
with back support and stabilized feet. Each athlete performed three throws, and the longest
distance (cm) was recorded using a tape measure from the front feet of the chair to the first
ground contact point of the ball [26]. Participants were instructed to use only the arms
and shoulder girdle. Upon signal, they explosively projected the ball as far as possible.

The medicine ball throw test was included as a complementary assessment of upper-
limb dynamic performance due to its applicability in Paralympic populations, ease of
implementation, and ability to provide information regarding explosive upper-limb actions.
Although the movement pattern differs from Paralympic Powerlifting performance, the test
was considered an indirect and complementary measure of upper-limb force production
characteristics rather than a sport-specific assessment.

2.2.3. Upper-Limb Anaerobic Power

Anaerobic power was evaluated using an arm-crank ergometer (Technogym S.p.A.®
Excite+ Top 700i, Gambettola, Italy) through the upper-limb Wingate test [26,27]. Unlike
the traditional lower-limb Wingate protocol, in which resistance is fixed at 7.5% of body
mass, the adapted protocol used the automatic resistance adjustment system provided
by the ergometer software. Load determination was automatically individualized by the
equipment according to participant characteristics entered into the system, specifically sex,
age, and body mass, following the manufacturer’s integrated algorithm.

The protocol consisted of a 30 s all-out effort preceded by 5 min of warm-up and fa-
miliarization. Outcomes included peak power (W), mean power (W), relative peak power
(W/kg), and relative mean power (W /kg). During the test, participants were instructed
to maintain maximal effort throughout the 30 s protocol and received continuous verbal
encouragement (e.g., motivational cues and time updates) to sustain performance. Cadence
was visually monitored through the ergometer display during testing; however, cadence
variables were not recorded because they were not considered study outcomes. All athletes
were familiar with the testing procedure and successfully completed the protocol; therefore,
no interruption criteria were required during assessments.

2.2.4. Competitive Performance

Performance was determined by athletes’ official ranking positions at the national com-
petition organized by the Brazilian Paralympic Committee [13]. Rankings were converted
into an ordinal scale, with first place corresponding to the best performance. Additionally,
we considered the Maximum Weight Lifted (Kg) during the competition as a measure of
athletic performance.

2.3. Statistical Analysis

Data were analyzed using Jamovi® software (version 2.3.18, Sydney, Australia). De-
scriptive statistics are presented as mean =+ standard deviation (minimum; maximum).

Considering the relatively small sample size (n = 13), the heterogeneity of the
participants, and the ordinal nature of the competitive ranking variable, associations
between biodynamic variables and competitive performance indicators were examined
using Spearman’s rank-order correlation coefficient (p). Correlation magnitudes were
interpreted according to the following criteria [14]: trivial (<0.10), weak (0.10-0.39),
moderate (0.40-0.69), strong (0.70-0.89), and very strong (>0.90).

To provide an estimate of the precision of the observed associations, 95% confidence
intervals (95% CI) were calculated for all correlation coefficients using Fisher’s z trans-
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formation and subsequently back-transformed to Spearman’s rho values. Confidence
intervals were interpreted in conjunction with the correlation coefficients and adjusted
p-values. Given the number of correlation analyses performed, the false discovery rate
(FDR) was controlled using the Benjamini-Hochberg procedure. Accordingly, p-values
obtained from the correlation analyses were adjusted to account for multiple comparisons,
reducing the likelihood of Type I error while maintaining adequate statistical power for
exploratory analyses.

Because maximum competition lift (kg) represents a continuous measure of lifting per-
formance and reflects a distinct aspect of competitive performance from ranking position,
additional exploratory simple linear regression analyses were performed as secondary anal-
yses. This outcome was included to provide a direct quantification of the load successfully
lifted during competition, complementing the ranking-based assessment of performance.
Only variables that demonstrated significant associations with maximum competition lift
in the exploratory Spearman correlation analyses after FDR correction were entered into
the regression models.

To avoid overfitting due to the limited sample size, each independent variable was
examined in an independent simple regression model, and no multivariable regression
models were performed. For each regression model, the unstandardized regression coeffi-
cient (), standard error (SE), 95% confidence interval (95% CI), coefficient of determination
(R?), adjusted R?, and root mean square error (RMSE) were reported. Model assumptions
were evaluated through analyses of residuals. Residual normality was assessed using
the Shapiro-Wilk, Kolmogorov-Smirnov, and Anderson-Darling tests. Homoscedasticity
was evaluated using the Breusch-Pagan, Goldfeld-Quandt, and Harrison-McCabe tests.
Independence of residuals was examined using the Durbin-Watson statistic.

Statistical significance was established at p < 0.05 after Benjamini-Hochberg FDR
correction for the correlation analyses and at p < 0.05 for the regression analyses.

3. Results

The characteristics of the sample are presented in Table 1, including age, duration of
disability, type of disability, time in the sport, maximum lift in competition, total body mass,
lean mass, body fat percentage, handgrip strength, medicine ball throw, peak and mean
power, as well as their respective relative values.

Table 1 demonstrates substantial interindividual variability across anthropometric,
strength, and anaerobic performance variables, reflecting the heterogeneous characteristics
of Paralympic Powerlifting athletes included in the sample. Therefore, the observed
correlations should be interpreted considering the potential influence of variability related
to impairment profile, body mass, training background, and competitive level.

Based on Table 2, after applying the p-value correction, the relevant findings can be
divided into two main groups. Regarding competition ranking, three significant inverse
correlations were identified, indicating that higher values for these physical variables were
associated with better sporting performance, reflected by a position closer to first place.
Among these variables, Maximum Power showed a strong inverse correlation, Mean Power
demonstrated a similar pattern, and Relative Mean Power exhibited the most pronounced
association within this group, being classified as a very strong inverse correlation.

In contrast, when examining the outcomes related to the Maximum Competition Lift
performance indicator (Table 2), two direct and statistically significant correlations were
identified, suggesting that improvements in these physical capacities are associated with
a greater ability to lift heavier loads during competition. Specifically, Total Lean Mass
demonstrated a strong positive correlation with lifting performance, as did Left Handgrip
Strength, which also showed a strong positive association.
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Table 1. Sample characterization.

Variable Total Sample (1 = 13)
Average + SD Min; Max
Age (years) 34.4 £10.6 19.0; 55.0
Time with disability (years) 26.6 £10.8 11.0; 50.0
Time in the sport (years) 93+£84 2.0;27.0
Maximum competition lift (Kg) 112.3 £ 38.9 60.0; 177.0
Total mass (kg) 67.6 = 18.6 45.0; 105.9
Lean mass (Kg) 403 £ 8.1 27.5;58.2
% FAT 36.7 £ 9.6 19.7;54.1
Right handgrip strength (Kgf) 422 +15.0 14.0;74.0
Left handgrip strength (Kgf) 38.2 £+ 149 9.0; 68.0
Maximum throw (cm) 480.3 4+ 153.5 230.0; 840.0
Maximum power (W) 227.2 £ 136.6 20.0; 441.0
Relative maximum power (W /kg) 35+21 02,74
Average power (W) 185.7 +114.9 20.0; 380.0
Relative average power (W/kg) 29+17 02,64
Type of disability n %
Congenital 04 30.7
Acquired 09 69.3

Kg—kilogram, n—number, %—percentage, cm—centimeter, W—Watts, W/Kg—Watts per kilogram. Kgf:

kil

ogram-force.

Table 2. Spearman correlations between biodynamic variables and sports performance indicators

(Competition Ranking and Maximum Competition Lift [kg]).

Variable Ranking Maximum Competition Lift (Kg)
P p CI95% y p Adjusted P p CI95% y p Adjusted
Maximum
Competition —0.461 —0.807; 0.121 0.154 0.294 — — — —

Lift (Kg)
Maximum . .
Power (W) —0.738 —0.916; 0.315 0.009 0.0378 0.623 0.110; 0.874 0.040 0.0933

Relative Maximum ) 693 _( 900 —0.230 0.018 0.0570 0.260 —0.340;0.709  0.441 0.5448
Power (W/kg)

Mean Power (W) ~ —0.794  —0.936; —0.432 0.004 0.0378 0.687 0.219; 0.898 0.019 0.0570
Relative Mean 859 _ o957, —0.585  <0.001 0.0210 0337  —0263;0749 0311 0.4354
Power (W/kg)

Fatigue Index (%)  —0.298 —0.729; 0.303 0.373 0.4896 0.211 —0.385;0.683  0.532 0.6058
Total Body —0.097 —0.615; 0.480 0.777 0.7770 0.387 —0.208;0.773  0.239 0.3585
Mass (kg)

Total Lean 0189  —0.670; 0.404 0.577 0.6058 0.743 0.325;0.918  0.009 0.0378
Mass (Kg)
Rslght Handgrip ) 395 —0.776; 0.202 0.232 0.3585 0.661 0.173; 0.888 0.027 0.0709
trength (Kgf)
Left . .
Handgrip Strength —0.397 —0.778; 0.197 0.226 0.3585 0.747 0.333; 0.920 0.008 0.0378
Medicine Ball
Throw —0.201 —0.677; 0.394 0.553 0.6058 0.553 0.003; 0.846 0.078 0.1638

Distance (cm)

Bold: Statistically Significant p < 0.05. (Kg): Kilogram. (W): Watts. (W /Kg): Relative watts. (%): Percent. (Kgf):
Kilogram-force. (cm): Centimeter. p: Spearman’s rho. 95% CI: 95% confidence interval.

Given the limited sample size and the heterogeneous characteristics of the partici-

pants, these associations should be interpreted with caution. The negative correlations

indicate that higher power values were associated with better ranking positions (Table 2).
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Conversely, no statistically significant associations were observed between competitive
performance and body composition variables, handgrip strength, or dynamic strength as-
sessed by the medicine ball throw test. However, these findings should also be interpreted
cautiously, considering the limited sample size, participant heterogeneity, and the potential
influence of measurement specificity.

Based on the correlation analyses (Table 2), we selected the associations that remained
significant after p-value correction and performed simple linear regression analyses using
maximum competition lift (kg) as the performance indicator. This marker was chosen
because it is a continuous scalar variable, unlike competition ranking, which represents an
ordinal outcome.

As shown in Figure 2A, the (3 coefficient indicates that for every 1 kg increase in
total lean mass, there is an absolute increase of 3.41 kg in maximum competition lift. The
95% confidence interval (95% CI: 0.92-5.89) suggests that, under the most conservative
estimate, the increase is at least 0.92 kg, whereas under the most favorable estimate it may
reach 5.89 kg for each additional kilogram of lean mass. Furthermore, total lean mass was
associated with a substantial proportion of the variance observed in maximum competition
lift within the present sample.

Model Model 1
175 q|Equation y=-20.74 + 3.41x )
B (Coefficient) 341
1C95% B 0.92; 5.89
{|t-value 3.10
150118 0.719 °
o~ R? Adjusted 0.463
2 RMSE 25.8
P 125 4
— [ ]
=
)
£ 100 A
o
a
£
o 75
] °
g °
% 50
=
251
1 pvalue =0.013 [ ] L4
30 35 40 45 50 55
Total Lean Mass (kg)
Model Model 2
175 |Equation  y =47.55 + 1.74x ® °
B (Coefficient) 1.74
1C95% B 0.34;3.15
150 | t-value 2.81
R 0.683 [ ]
En R? Adjusted 0.407
< J|IRMSE 27.1
= 125
s}
g [ )
2 100 1
‘g [ ]
£
o 75
=]
g °
% 50
=
25
| pvalue = 0.021 ° o
10 20 30 40 50 60 70

Left Handgrip Strength (kgf)

Figure 2. Simple linear regression analyses. (A) Model 1: Simple linear regression analysis between
total lean mass and Maximum Competition Lift. (B) Model 2: Simple linear regression analysis
between left-hand grip strength and Maximum Competition Lift. RMSE: root mean square error. IC
95%: 95% confidence interval.
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According to the (3 coefficient presented in Figure 2B, each additional 1 kg in left-hand
grip strength was associated with an absolute increase of 1.74 kg in maximum competition
lift. The 95% confidence interval indicates that this increase ranges from 0.34 to 3.15 kg
(95% CI: 0.34-3.15). Similarly, left-hand grip strength was associated with a substantial
proportion of the variability observed in maximum competition lift within the present
sample. Given the exploratory nature of these analyses, the limited sample size (n = 13),
and the heterogeneous characteristics of the participants, this regression estimates should
be interpreted with caution.

4. Discussion

The present findings suggest that upper-limb anaerobic power may be associated with
competitive performance in Paralympic Powerlifting athletes, partially supporting our
initial hypothesis and indicating its potential relevance as a performance-related variable.
Previous literature has consistently identified power as a key determinant of success in
strength-dominant sports [3,6,9], and the current results extend this evidence to a Para-
lympic context. Although Paralympic Powerlifting is characterized by relatively controlled
lifting velocities, the capacity to generate high levels of power appears to reflect under-
lying neuromuscular efficiency, rapid motor unit recruitment, and the ability to sustain
high-intensity effort. Collectively, these factors may act as mediators between maximal
strength expression and actual performance outcomes during competition. In addition,
the results indicate that body composition and upper-limb isometric strength may also
contribute to competitive performance, reinforcing the multifactorial nature of success in
Paralympic Powerlifting.

4.1. Anaerobic Power and Competitive Performance in Paralympic Powerlifting

The analysis of power-related variables revealed that higher absolute peak power
values (Table 2) were associated with superior competitive rankings, which may reflect the
relevance of upper-limb power production during high-intensity lifting tasks in Paralympic
Powerlifting [30]. However, these interpretations should be considered cautiously, since
biomechanical variables such as bar velocity and specific lift-phase characteristics were not
directly assessed in the present study. In parallel, relative peak power (Table 2) demon-
strated strong correlations with ranking, reinforcing its potential value as a normalized
performance-related indicator in weight-category sports [21]. This finding is particularly
relevant in Paralympic contexts, where inter-individual variability in body mass and im-
pairment characteristics may influence absolute outputs. However, competitive ranking in
weight-category sports should be interpreted within the context of body-mass classification
systems, since ranking outcomes may not exclusively reflect physiological differences
between athletes.

Absolute mean power (Table 2) may reflect the ability to sustain power produc-
tion throughout the exercise task, which could be relevant for performance during Para-
lympic Powerlifting competition [31]. Notably, relative mean power (Table 2) exhibited
the strongest association with competition ranking, suggesting that the ability to maintain
power output relative to body mass may be an important performance-related charac-
teristic in this population. However, these findings should be interpreted with caution
considering the correlational nature of the study, the limited sample size, and the heteroge-
neous characteristics of the participants. This observation is consistent with the notion that
performance in weight-category sports may depend not only on absolute output but also
on the efficiency with which force and power are produced relative to body mass.
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4.2. Anaerobic Power and Sport Performance

The present findings are consistent with previous reports demonstrating associations
between upper-limb anaerobic power—typically assessed via the Wingate test—and perfor-
mance in Paralympic sports such as judo, swimming, and golf [18-20]. These observations
may support the usefulness of the Wingate test as a functional assessment tool in sports in-
volving short-duration, high-intensity upper-limb efforts [15,16,21]. However, comparisons
across Paralympic sports should be interpreted with caution, as these modalities differ
substantially in movement patterns, technical demands, competition structure, and phys-
iological requirements. Furthermore, the transferability of Wingate-derived metrics to
sport-specific performance may be influenced by differences in movement patterns, tech-
nical demands, and neuromuscular coordination. In addition, competitive performance
in Paralympic Powerlifting depends on multiple factors that are not directly captured
by the Wingate test, including technical proficiency, lifting strategy, competition expe-
rience, and sport-specific strength characteristics. Therefore, although Wingate-derived
variables may provide useful information regarding anaerobic performance, they should be
interpreted as complementary indicators rather than direct representations of competitive
performance. To the best of our knowledge, this study is the first to directly examine
the association between anaerobic power and competitive performance in Paralympic
Powerlifting, thereby addressing a relevant gap in the literature.

4.3. Body Composition, Isometric and Dynamic Strength

Exploratory linear regression analyses indicated that lean mass was significantly asso-
ciated with maximum competition lift (Figure 2A). This finding is consistent with previous
studies conducted in able-bodied athletes, in which greater lean mass has been associated
with superior performance in strength-related sports [10]. In the present study, each ad-
ditional kilogram of lean mass was associated with an increase of 3.41 kg in maximum
competition lift, and lean mass was associated with approximately 52% of the variance
observed in maximum competition lift within the present sample. These findings sug-
gest that lean tissue may contribute to force production capacity and competitive lifting
performance, indicating that maintaining or increasing lean mass may be beneficial for
Paralympic Powerlifting athletes.

In Paralympic athletes, the relevance of lean mass to performance may be attributed
to its contribution to force production and torque generation during the execution of the
competitive movement, despite the unique physiological and biomechanical characteristics
associated with different impairment types [4,17,21-23]. Furthermore, the heterogeneity of
impairments within the sample may have contributed to greater data variability, potentially
reducing the sensitivity of correlation analyses while not preventing the identification of
a significant association between lean mass and maximum competition lift. Collectively,
these findings support the inclusion of body composition monitoring as part of long-term
athlete development and performance management strategies in Paralympic Powerlifting.

Similarly, left-hand grip strength was significantly associated with maximum com-
petition lift (Figure 2B). Although handgrip strength is commonly used as a surrogate
marker of overall muscular strength [12], our findings suggest that this measure may
provide relevant information regarding functional capacity associated with performance in
Paralympic Powerlifting. Specifically, each additional kilogram-force of handgrip strength
was associated with an increase of 1.74 kg in maximum competition lift and was associated
with approximately 47% of the variance observed in maximum competition lift within the
present sample.

The observed association between grip strength and maximum competition lift may
reflect the importance of upper-limb stability, neuromuscular control, and overall force-
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generating capacity required for the successful execution of the competitive bench press.
Although handgrip strength does not directly replicate the competitive movement, it may
represent a practical and low-cost indicator of neuromuscular function that can be easily
implemented in routine athlete monitoring. In contrast, medicine ball throw performance
was not significantly associated with competitive performance, further emphasizing the
importance of biomechanical specificity in performance assessment, as this test may not
adequately reproduce the force-time characteristics and technical demands of the bench
press movement.

The apparent discrepancy between the correlation and regression findings may be
explained by the distinct nature of the performance outcomes examined. Maximum com-
petition lift represents a direct measure of lifting capacity, whereas ranking position is
influenced by additional contextual factors, including body-weight category, competitive
field, and competition-specific dynamics. Consequently, physiological variables associated
with lifting performance may not necessarily translate into superior ranking outcomes.
Because these regression analyses were exploratory and conducted in a small and heteroge-
neous sample, the observed associations should be interpreted cautiously and confirmed in
future studies with larger and more homogeneous cohorts.

4.4. Limitations and Future Directions

Some aspects should be considered when interpreting the present findings. The study
was conducted with a relatively small sample of Paralympic Powerlifting athletes pre-
senting different impairment characteristics and competitive backgrounds, which reflects
the nature of the population investigated. Additionally, competitive performance was
assessed through ranking position, a measure that may be influenced by factors beyond
physiological characteristics alone, particularly in weight-category sports. Although sig-
nificant associations with maximum competition lift were identified, the limited sample
size precluded the use of multivariable regression models capable of adjusting for potential
confounding factors such as sex, body-weight category, impairment type, and training
experience. Therefore, the observed associations should be interpreted within the context
of the study design and participant characteristics.

Despite these considerations, the findings provide relevant information regarding the
association between anaerobic power and competitive performance in Paralympic Power-
lifting athletes, while also highlighting the potential contribution of lean mass and upper-
limb isometric strength to lifting performance. Future research should adopt longitudinal
and intervention-based designs to better elucidate causal mechanisms and training adapta-
tions. The integration of biomechanical analyses (e.g., bar velocity profiling), neuromuscu-
lar assessments (e.g., electromyography), and advanced modeling approaches may provide
a more comprehensive understanding of performance determinants. Furthermore, explor-
ing the interaction among anaerobic power, body composition, strength characteristics,
and technical execution could offer valuable insights for optimizing training strategies in
this population.

4.5. Practical Applications

From an applied perspective, the present findings suggest that anaerobic power, lean
mass, and upper-limb isometric strength represent relevant performance-related variables
in Paralympic Powerlifting. The use of validated assessment tools, such as the upper-limb
Wingate test and handgrip dynamometry, enables practitioners to systematically evaluate
athletes’ readiness and monitor physiological adaptations over time. Importantly, training
interventions aimed at maintaining lean mass and enhancing the rate of force development,
overall muscular strength, and power output—while preserving technical proficiency—
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may contribute to improved competitive outcomes. These findings may also support
evidence-based approaches to talent identification, athlete monitoring, and long-term
athlete development within Paralympic sport systems.

5. Conclusions

In conclusion, upper-limb anaerobic power assessed through the Wingate test showed
strong associations with competitive performance in Paralympic Powerlifting athletes,
suggesting its potential relevance as a performance-related variable in the sport. Notably,
relative mean power exhibited the strongest association with competitive ranking, sug-
gesting that higher relative power outputs may be associated with superior competitive
placements. These findings reinforce the importance of considering normalized perfor-
mance metrics in weight-category sports, where performance efficiency may be more
informative than absolute outputs alone.

In addition, exploratory linear regression analyses indicated significant associations
between total lean mass, left-hand grip strength, and maximum competition lift. These find-
ings suggest that body composition and upper-limb isometric strength may contribute to
competitive performance through mechanisms related to force production capacity and neu-
romuscular function. Collectively, these findings suggest that competitive performance
in Paralympic Powerlifting may be associated with multiple physiological characteristics,
including anaerobic power, muscular strength, and body composition, rather than any
single factor in isolation.

From a practical perspective, the present findings may support the inclusion of anaer-
obic power assessments, body composition monitoring, and handgrip strength evaluation
as part of routine athlete assessment and monitoring programs in Paralympic Powerlift-
ing. Training strategies aimed at optimizing lean mass, muscular strength, and power
output—while maintaining technical proficiency—may contribute to improved competi-
tive performance.

However, given the exploratory nature of the study, the limited sample size, participant
heterogeneity, and cross-sectional design, these findings should be considered preliminary
and interpreted with caution. Future studies involving larger and more homogeneous
cohorts of Paralympic Powerlifting athletes are needed to confirm these associations and fur-
ther clarify the factors associated with competitive performance.
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