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Abstract

Background and Objectives: Most rugby sprints begin in motion, yet standardized testing
uses static starts. This study compared static-start and pick-up acceleration at entry veloci-
ties of 1.5 and 3.0 m-s~! in female rugby union players, examining positional differences
and countermovement jump (CMJ) associations. Methods: Thirty-eight senior female
rugby union players completed CM]J testing, static-start sprints, and LED-paced pick-up
sprints. Linear mixed models compared sprint conditions and playing positions, while
correlation and multivariable analyses examined CM]J associations. Results: Pick-up sprint
variables showed excellent intra-session reliability (coefficient of variation = 0.63-4.29%;
intraclass correlation coefficient = 0.90-1.00). Higher entry velocities reduced split times,
mean acceleration and distance to maximal velocity, but not maximal velocity. Backs
outperformed forwards across all static-start sprint outcomes, but some early positional
differences (5 and 10 m times and 0-5 m acceleration) were non-significant in pick-up
trials, despite broadly similar small-to-moderate effect sizes. CM]J-derived variables cor-
related with all sprint outcomes across conditions (p < 0.046; r/rho = 0.33-0.85) and
jointly explained additional variance (AR? = 0.055-0.547; p < 0.027), but none showed
significant independent associations (p > 0.140). Conclusions: Pick-up acceleration short-
ened split times and distance to maximal velocity, with backs generally outperforming
forwards. CM]J variables correlated with sprint performance but showed no significant
independent associations.
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performance [2—4]. Specifically, when assessing these capabilities (i.e., linear sprint and
vertical jump) in women’s rugby union, a recent study showed a strong positive association
between countermovement jump (CM]J) height and maximum sprint velocity (Vmax) [1].
Similar relationships have also been reported in international female rugby league players,
where CM]J height was significantly associated with 30 and 40 m sprint times [5]. Regarding
the assessment of Vmayx, the literature has traditionally evaluated sprint capabilities using
tests initiated from a static, standing position [1,3,6]. Since most sprints in matches begin
while players are already in motion, typically from a walking or jogging pace, the recent
literature proposes assessing sprints from non-static positions (i.e., with a prior entry
velocity) [7-10].

Specifically, analyzing rugby union competition, Lacome et al. [11] reported that
approximately 85% of all sprints in elite male players occur while players are already in
motion, with 53.4 + 5.5% beginning from a walking pace (0-1.9 m-s~!) and 31.8 & 5% from
a jogging start (>1.9 m-s~1). Although these findings support the relevance of assessing
non-static sprint actions in rugby union, their direct applicability to female players remains
uncertain. In this context, assessing non-static sprint actions has historically posed a
methodological challenge, primarily because entry velocity must be standardized [7-10].
To overcome this, Pryer et al. [7-10] proposed an innovative assessment protocol utilizing
LED pacing systems to standardize entry velocities at 1.5 m-s~! and 3.0 m-s~!, representing
walking and jogging speeds, respectively, from which sprints commonly begin during
rugby union match play [11]. By successfully controlling the entry velocity (i.e., low and
moderate), this methodology enables the evaluation of a maximal linear sprint initiated
from a non-static start, a capability defined as ‘pick-up acceleration’ [7-10]. Crucially, this
specific action (i.e., pick-up acceleration) has been shown to produce distinct mechanical
profiles compared to traditional static sprints, including differences in step kinematics
(e.g., step length and step frequency), trunk positioning, as well as horizontal and vertical
braking and propulsive impulses during the transition and initial pick-up steps [7-10].
To quantify these profiles, this procedure allows for the measurement of determinant
sprint metrics, such as Vmayx, split times (e.g., 5 m sprint time [T5] and 10 m sprint time
[T10]) and the distance required to reach Vmax (Distance-to-Vmax) subsequent to the entry
phase [1,6,7,9].

In rugby union, shorter sprint times and higher Vmax may provide an advantage
when players need to move into open space in attack or close down opponents in de-
fense [1,4]. Distance-to-Vmax, meanwhile, can help practitioners select appropriate sprint
testing and training distances according to whether the objective is to assess acceleration
or ensure that players attain Vmax [1]. Despite these potential applications, both the
methodological development and empirical evaluation of pick-up acceleration have been
conducted predominantly by the same research group, with the available evidence derived
from small, heterogeneous samples of male team-sport athletes [7-10]. Pick-up acceleration
therefore remains unstudied in a sport- and sex-specific sample of female rugby union
players. This lack of evidence is particularly relevant because sprint performance differs
according to playing position in female rugby union players [1,12]. For example, senior
backs have shown higher Vmax (7.31 + 0.46 vs. 6.90 4 0.33 m-s~!) and greater Distance-
to-Vmax (23.99 £ 3.57 vs. 20.78 £ 2.85 m) than their forward counterparts [1]. Therefore,
analyzing the reliability of the pick-up acceleration test and its performance in female rugby
union players, considering their playing positions (i.e., backs and forwards), could help
practitioners and coaches monitor this capability and design specialized training programs.

Lower-limb power is recognized as a determining factor in rugby union, where greater
vertical jump capacity significantly correlates with enhanced execution of tasks such as
scrums [13], collisions [2], and sprints [14]. In line with these findings, a recent study in
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female rugby union players [1] revealed that CMJ height correlates with various static-start
sprint variables, demonstrating a stronger association with the Vmax phase (i.e., Vmax
and 30, 40, and 50 m split times) than with the initial acceleration phase (i.e., 5, 10, and
20 m split times). This may be supported by the force vector theory, as attaining Vmax
requires substantial vertical force application, like the mechanics of a vertical jump [1,15].
In addition, recent biomechanical analyses by Pryer et al. [8] highlight the importance
of vertical force application, suggesting that a substantial increase in vertical propulsive
impulse plays a key role in optimizing step length and flight time during the transition step
(i.e., the step marking the shift from entry velocity to sprinting), facilitated by a reduction
in braking forces. While this relationship is well-documented for static-start sprints, the
association between CM]J-derived performance variables and pick-up acceleration has not
yet been investigated in team sports. Accordingly, CMJ-derived performance variables such
as CMJ height, Peak power/BM, and RSI-mod may characterize different but related aspects
of CM]J performance. More specifically, CMJ height reflects vertical jump performance, Peak
power/BM reflects power production relative to body mass, whereas RSI-mod combines
jump height and time to take-off, reflecting CMJ performance relative to the time required to
produce the jump [16]. Examining these variables simultaneously may therefore clarify their
combined association with pick-up acceleration and whether each provides information
independent of the others.

To the best of our knowledge, no studies to date have comprehensively investigated the
pick-up acceleration profile and its relationship with CMJ-derived performance variables
in female rugby union players. Therefore, the present study aimed to compare sprint
performance across static-start and pick-up acceleration conditions at 1.5 and 3.0 m-s !
in female rugby union players, considering playing-position differences and associations
between CM]J-derived performance variables and sprint performance, including their
combined and independent contributions. The intra-session reliability of the radar-derived
sprint variables was also assessed as part of the methodological evaluation of the testing
protocol. In line with this aim, the following hypotheses were proposed: (i) an increase
in entry velocity (static-start < 1.5 m-s~1<3.0 m-s’l) would result in reduced split times,
Distance-to-Vmax, and interval-based acceleration, while Vmax would remain similar
across sprint conditions [7]; and (ii) backs would generally outperform forwards, although
the magnitude of positional differences may vary according to sprint condition and sprint
outcome [1,9]; and (iii) higher CM] height, RSI-mod, and Peak power/BM would be
associated with better pick-up acceleration performance [1,9,10].

2. Materials and Methods
2.1. Design of the Study

A descriptive, cross-sectional, and correlational design was adopted to compare pick-
up acceleration and static-start sprint performance in female rugby union players, while
also examining playing-position differences and associations with CM]J-derived perfor-
mance variables. The intra-session reliability of the radar-derived sprint variables was
also assessed. Primary testing was conducted in-season during a single session in May,
taking place outdoors on an artificial turf rugby field, with players wearing sports attire
and footwear appropriate to each test.

Seven days prior to testing, players completed a 60 min familiarization session that
primarily focused on the pacing technology (LED Rabbit, BV Systems, LLC, Shawnee,
KS, USA), while also including the measurement technology and the overall protocol [10].
The evaluation sequence was as follows: duplicate anthropometric measurements (i.e.,
body mass [BM] and height), a standardized general warm-up, three CM] trials, two static
sprints, and two pick-up accelerations at each entry velocity (i.e., 1.5 and 3.0 m-s~1).

https://doi.org/10.3390/jfmk11040456


https://doi.org/10.3390/jfmk11040456

J. Funct. Morphol. Kinesiol. 2026, 11, 456 4 0f 20

2.2. Participants

Thirty-eight high-level amateur senior female rugby wunion players (age:
23.11 & 5.11 years; body mass: 70.33 £ 10.68 kg; height: 1.63 = 0.05 m) from a leading club
in Spain volunteered to participate in this study. Although the players were classified as
amateur, the team competed at national level. According to the Participant Classification
Framework proposed by McKay et al. [17], the sample was classified as Tier 3 (Highly
Trained /National Level), as all players were competing at the national level at the time of
testing. Three players had previous national team experience. In accordance with the Span-
ish Rugby Federation regulations, the Senior category is defined as athletes aged 18 years
or older during the competitive season (September-May). Based on their primary on-field
roles, the players were categorized into forwards (n = 23; age: 23.64 & 5.64 years; body
mass: 75.69 + 10.46 kg; height: 1.64 & 0.05 m) and backs (1 = 15; age: 22.38 & 4.35 years;
body mass: 62.96 & 5.30 kg; height: 1.61 & 0.05 m). To be eligible for inclusion, players
were required to: (i) have a minimum of two years of competitive rugby experience; (ii) be
actively participating in regional or national-level leagues during the assessment period;
and (iii) be free from any musculoskeletal injuries for at least 3 months prior to testing. To
estimate the required sample size, an a priori power analysis was conducted using G*Power
software (version 3.1.9.7; Heinrich Heine University Diisseldorf, Diisseldorf, Germany)
for a repeated-measures ANOVA within-between interaction. The analysis assumed a
medium effect size (f = 0.25), an « level of 0.05, statistical power of 0.95, two groups (i.e.,
backs and forwards), and three repeated conditions (i.e., static sprint, 1.5 m-s~! pick-up
acceleration, and 3.0 m-s™! pick-up acceleration), with a nonsphericity correction of ¢ = 1.0
and a correlation among repeated measures of 0.70. The analysis indicated that a minimum
total sample size of 28 participants was required to detect the specified position x sprint-
condition interaction, with an actual power of 0.962. This repeated-measures ANOVA
framework was used for the a priori calculation to represent the planned 2 (position) x 3
(sprint condition) repeated-measures design, targeting the position x sprint-condition
interaction, which was subsequently examined using linear mixed-effects models. All
participants were informed about the aims, protocols, and potential risks of the assessments
and provided written informed consent before enrolment. The present investigation was
conducted in accordance with the Declaration of Helsinki and was approved by the Ethics
Committee of Pablo de Olavide University (protocol code: 25/1-2).

2.3. Pre-Test Procedures and Warm-Up

Participants were required to avoid strenuous physical activity for the preceding 24 h
and to have their last meal at least 3 h before testing. They were also asked to avoid
caffeine-containing products, including coffee and energy drinks, during this period. Water
was allowed ad libitum before, during, and after testing. Height was determined using a
portable stadiometer (SECA 213, Hamburg, Germany), while BM was recorded via dual
force platforms (ForceDecks; VALD Performance, Brisbane, Australia).

The general warm-up consisted of 5 min of light jogging at a rating of perceived exertion
(RPE) of 34 on the Borg CR10 scale [18], followed by mobility exercises (ankle dorsiflexion
mobilizations and hip circles; 1 set of 8 repetitions per leg) and dynamic stretching exercises
(forward-backward and lateral leg swings; 1 set of 10 repetitions per leg, and walking lunges;
1 set of 5 repetitions per leg). Before CM] testing, a specific warm-up was performed, consisting
of 5 min of joint mobility exercises, followed by 2 sets of 5 submaximal jumps and 2 min
of recovery. Preceding the sprint assessments, participants completed a specific warm-up
involving 5 min of incremental accelerations and directional changes, followed by 5 to 40 m
sprints to guarantee peak readiness without inducing fatigue [3]. At least 5 min of passive
rest separated the different tests to prevent fatigue interference [19].
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2.4. Countermovement Jump (CM])

Vertical jump performance was quantified using dual portable force platforms sam-
pling at 1000 Hz (ForceDecks, VALD Performance, Brisbane, Australia). Participants
executed three maximal CM]Js with 20 s of rest between trials [20]. The force plates were
placed on a solid concrete base, and the players jumped wearing athletic training shoes,
consistent with the footwear and surface conditions used in previous CM]J testing of female
rugby union players [1]. During each attempt, players positioned their feet shoulder-width
apart and were instructed to keep hands on hips and legs extended during the flight phase.
Following the cue ‘when you are ready,” participants were instructed to jump as high as
possible using a countermovement to a self-selected depth. Strong verbal encouragement
was provided throughout the test to ensure maximal effort. Raw force-time data were pro-
cessed using the manufacturer’s software (ForceDecks v.2.0). Jump height was calculated
from flight time to facilitate comparisons with previous studies in female rugby players
using the same method [1,5]. The RSI-mod was calculated as flight-time-derived jump
height divided by contraction time, defined as the time from the start of movement to
take-off. The start of movement was detected using the default 20-N ForceDecks threshold.
Peak power was defined as the maximum power attained during the propulsive phase and
was normalized to body mass.

2.5. Sprint Test

The testing comprised two protocols, performed in a fixed order: static-start sprints,
where players performed two trials on a standard 30 m track, followed by pick-up ac-
celerations, involving four trials performed in randomized order (two each at 1.5 and
3.0 m-s~! entry velocities) on a 50 m setup consisting of a 20 m paced entry zone followed
by a 30 m pick-up zone [9]. All sprint trials were performed wearing rugby boots on the
artificial turf field. Velocity—time data were captured using a Doppler radar gun sampling
at 46.875 Hz (Stalker ATS II, Stalker Sport, Richardson, TX, USA) [21], mounted on a tripod
at a height of 1 m, positioned 5 m behind the respective starting line, and aligned with the
longitudinal axis of the running lane for each protocol (i.e., static-start and pick-up sprints).
The radar has a manufacturer-specified speed measurement range of 0.45-357.6 m-s~! and
an accuracy of £0.045 m-s~—! [22]. The Stalker ATS II has also been used as a reference
system for assessing linear sprint velocity in previous validation studies [23].

For all attempts, players adopted a split stance with their preferred foot placed for-
ward. In the static-start protocol, players began from a dead stop without any prior rocking
motion. During the pick-up accelerations, entry velocities were regulated by the LED pac-
ing system positioned parallel to the track. The LED system was programmed to provide
a gradual acceleration over the first 7 m, reaching the prescribed constant velocity (i.e.,
1.5 or 3.0 m-s~!) for the remaining 13 m of the paced entry zone. Participants matched
this pace and, upon reaching the 20 m mark, accelerated maximally through the 30 m
pick-up zone. The pick-up acceleration testing setup is illustrated in Figure 1. Actual entry
velocity was calculated from the radar-derived velocity and distance data as the average
speed over the final 5 m of the paced zone [7]; trials differing by >10% from the prescribed
target velocity (i.e., 1.5 and 3.0 m-s~!) were considered invalid. If any trial failed to meet
this criterion, the participant repeated the complete sprint protocol 48 h later under the
same testing procedures, and only data from the repeat session were retained for analysis.
This procedure was required for only one participant, whose trial in the 3.0 m-s~! pick-
up condition exceeded the predefined tolerance. Accordingly, 37 participants completed
six maximal sprint trials, whereas one participant completed 12 trials across two ses-
sions. The mean achieved entry velocities across all valid trials were 1.54 4- 0.04 m-s~! and
3.08 £ 0.08 m-s~! for the 1.5 and 3.0 m-s~! pick-up protocols, respectively.
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Figure 1. Schematic representation of the pick-up acceleration testing protocol. Overview of the
50 m sprint setup, comprising a 20 m paced entry zone regulated by a parallel LED pacing system,
followed immediately by a 30 m pick-up zone for maximal acceleration. A radar gun was positioned
5 m behind the starting line to capture continuous velocity—time data, and an additional braking
mark was placed 5 m beyond the finish line. LED: light-emitting diode.

To prevent premature deceleration across all trials, an additional set of cones was
placed 5 m beyond the finish line, and players were instructed to sprint maximally through
these markers. All attempts were separated by at least 5 min of passive recovery. Continu-
ous verbal encouragement was provided to elicit maximal exertion throughout the trial.
Environmental conditions were monitored at the start, middle, and end of testing using a
digital anemometer (HoldPeak HP-866B-APP, HoldPeak, Zhuhai, China) and remained
within the predefined criteria (>10 °C, <52% humidity, lateral wind at ~90°), with mean
session values of 25.4 + 0.7 °C for ambient temperature, 0.43 4+ 0.11 m-s~! for wind speed,
and 39.8 + 2.2% for relative humidity.

For both the static and pick-up sprint protocols, the primary kinematic variables
extracted for analysis included Vmax, Distance-to-Vmax, intermediate split times (T5, T10,
20 m sprint time [T20], and 30 m sprint time [T30]) and mean acceleration across 0-5 and
0-10 m intervals (Accel0-5 and Accel0-10).

2.6. Data Analysis

Velocity—time data recorded by the radar were first processed in Stalker Stats II soft-
ware (v.5.0.3.0; Applied Concepts, Dallas, TX, USA) using the manufacturer’s Digital Heavy
low-pass, zero-lag filter, before being exported and further processed using a custom script
in R software (version 4.5.3, R Foundation for Statistical Computing, Vienna, Austria). For
pick-up acceleration trials, the filtered velocity—time trace was then cropped to retain only
the pick-up acceleration phase following the LED-paced entry phase. The first retained
sample (i.e., radar data point) was identified using a standardized velocity—departure
criterion. Specifically, the 10-point window starting at this sample was required to show:
(i) a mean speed at least 0.05 m-s~! higher than the mean speed over the final 5 m of the
LED-paced entry phase; and (ii) a final speed at least 0.10 m-s~! higher than the initial
speed of the same window. This criterion was used to identify the onset of the pick-up
acceleration phase while avoiding the selection of isolated radar fluctuations. The mean
speed over the final 5 m of the LED-paced entry phase served as the reference for both the
velocity—departure criterion and the verification of actual entry velocity, as described in
the sprint-test procedures. For static-start trials, given the absence of a paced entry phase,
the first retained sample simply corresponded to the onset of detectable movement from
the initial dead-stop position. Across all sprint conditions, the onset of the analyzed phase
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was normalized by setting the time and distance values of the first retained data point to
zero (t = 0; d = 0), with subsequent time and distance values expressed relative to this point
using the radar-exported values.

Kinematic variables were extracted from the processed radar data. No additional
filtering or smoothing was applied in R. Vmax was defined as the highest velocity attained
in the filtered trace, and Distance-to-Vmax as the relative distance corresponding to that
velocity. To determine kinematic values at predefined distance markers (5, 10, 20, and
30 m), time and velocity were estimated using linear interpolation of the distance-time
and distance—velocity data. Additionally, mean acceleration over the 0-5 m and 0-10 m
intervals was calculated using the following equation:

U — 01

- I —1
where v; and v, represent the velocities at the beginning and end of the respective interval,
and t; and f; represent the corresponding time points. For both intervals, t; was set to 0
at the onset of the analyzed sprint phase. For the performance analyses, the best value
recorded for each variable was retained.

2.7. Statistical Analysis

All statistical analyses were performed in R (version 4.5.3; R Foundation for Statistical
Computing, Vienna, Austria) using RStudio (v.2025.05.1 + 513; Posit Software, PBC, Boston,
MA, USA). The R packages used for the inferential analyses were Ime4, ImerTest, emmeans,
car, nortest, clubSandwich, and performance. Data are presented as mean + standard
deviation (SD). Intra-session reliability was assessed using the coefficient of variation
(CV) and intraclass correlation coefficients (ICC). CV was calculated by expressing the
standard error of measurement, derived from the error mean square of the two repeated
measurements, relative to their grand mean and as a percentage. For interpretation, CV
values were classified as excellent (<5%), good (5-10%), moderate (10-15%), or poor
(>15%) [24], whereas ICC was interpreted as excellent (>0.90), good (0.75-0.89), moderate
(0.50-0.74), or poor (<0.50) [25]. Overall reliability was classified by combining both
indicators, with excellent reliability defined as ICC > 0.90 and CV < 5%, good reliability as
ICC > 0.75 and CV < 10% when the criteria for excellent reliability were not met, moderate
reliability when only one of these two criteria (ICC > 0.75 and CV < 10%) was not met, and
poor reliability when both criteria were not met (ICC < 0.75 and CV > 10%) [26].

For the sprint and jump-performance analyses, model assumptions were assessed
using the Anderson-Darling test for residual normality and Levene’s test for homogeneity
of residual variances. A separate linear mixed-effects model was fitted for each sprint-
related outcome (Vmax, Distance-to-Vmax, T5, T10, T20, T30, Accel0-5, and Accel0-10).
Sprint condition (static start, 1.5 m-s~! pick-up, and 3.0 m-s~! pick-up), playing position
(backs and forwards), and their interaction were included as fixed effects, while player
identity was modeled as a random intercept to account for the dependency arising from
repeated measurements within players. When either residual normality or homogeneity of
variance assumptions were not met, inference was based on cluster-robust CR2 standard
errors clustered by player. Post hoc comparisons using estimated marginal means examined
differences between sprint conditions in the whole sample and positional differences
within each sprint condition. For each sprint outcome, the three pairwise comparisons
between sprint conditions were adjusted as one family using the Benjamini-Hochberg
procedure, whereas the three positional comparisons across sprint conditions were adjusted
as a separate family, controlling the false discovery rate at q = 0.05.
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Jump performance variables (CM], Peak power/BM, and RSI-mod) were compared
between positions using Student’s t-tests when residual normality and homogeneity of
variance assumptions were met, and permutation-based independent-samples tests when
residual normality was violated despite homogeneous variances. For these permutation
tests, 9999 random reassignments of playing-position labels were performed, with two-sided
p-values calculated from the resulting distribution of Student’s t statistics. Effect sizes (ES) for
within-player comparisons between sprint conditions were calculated as Cohen’s d, using
the mean of the paired differences divided by their standard deviation. For between-position
comparisons, Cohen’s d was calculated using the pooled standard deviation. The resulting
ES were reported with 95% confidence intervals and interpreted as trivial (<0.20), small
(0.20-0.59), moderate (0.60-1.19), large (1.20-1.99), or very large (>2.00) [27]. For correlation
analyses, normality was assessed separately for the raw values of each variable within each
sprint-jump pair, with Pearson’s correlations used when both variables were normally dis-
tributed and Spearman’s rank correlations used when at least one variable deviated from nor-
mality. p-values across all 72 sprint-jump correlations (8 sprint variables x 3 sprint conditions
x 3 jump variables) were adjusted together as a single family using the Benjamini-Hochberg
procedure to control the false discovery rate at q = 0.05. Correlations were interpreted as
trivial (<0.10), small (0.10-0.29), moderate (0.30-0.49), large (0.50-0.69), very large (0.70-0.89),
or nearly perfect (>0.90) [28]. To examine the collective and independent associations of the
CM]J-derived variables with sprint performance, additional mixed-effects models were fitted
for each sprint outcome, including sprint condition, playing position, and their interaction
as fixed effects and player identity as a random intercept, before simultaneously adding
CM] height, Peak power/BM, and RSI-mod. The collective contribution of the CM]-derived
variables was quantified as the change in marginal R? (AR?), whereas their independent
associations were expressed as standardized regression coefficients (3) with 95% confidence
intervals. The significance of the CM] block was assessed using likelihood-ratio tests com-
paring the base and full models. When residual assumptions were violated, cluster-robust
joint Wald tests (CR2; HTZ) were used instead. Multicollinearity was assessed using variance
inflation factors (VIF), with values >5 considered indicative of elevated multicollinearity and
>10 of severe multicollinearity. The same residual assumption checks and CR2 procedure
described above were applied, and p-values were Benjamini-Hochberg-adjusted separately
across the eight CMJ-block tests and 24 individual predictor tests. The level of statistical
significance was set at « = 0.05.

3. Results
3.1. Assumptions and Reliability

For the sprint linear mixed-effects models, residual normality and homogeneity of
variance were met for most outcomes (i.e., T5, T10, T20, T30, Accel0-5, and Accel0-10;
p > 0.050). Vmax did not meet the assumption of residual normality (p = 0.044), nor did
Distance-to-Vmax for homogeneity of variance (p = 0.023); therefore, both were analyzed
using cluster-robust CR2 standard errors. For jump-performance comparisons, assumptions
were met for Peak power/BM and RSI-mod (p > 0.050), whereas the residuals for CMJ
did not meet the assumption of normality (p = 0.033); therefore, CM] was analyzed using
a permutation-based independent-samples test. For the correlation analyses, normality
was assessed on the raw values for each sprint-jump pair. CM]J, Peak power/BM, and all
sprint variables in each sprint condition were normally distributed, except for Accel0-5
in the 3.0 m-s~! pick-up condition, which failed to meet the assumption of normality
(p = 0.014), as did RSI-mod (p = 0.015). Reliability statistics are detailed in Table 1. Excellent
overall reliability (i.e., ICC > 0.90 and CV < 5%) [26] was observed for all sprint variables
(i.e., Vmax, Distance-to-Vmax, T5, T10, T20, T30, Accel0-5, and Accel0-10) across the
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static-start, pick-up 1.5 m-s~!, and pick-up 3.0 m-s~! conditions (CV = 0.56 to 4.29%;
ICC =0.90 to 1.00). Furthermore, CM]J-derived performance variables also demonstrated
excellent overall reliability, specifically for CMJ height (CV = 1.40%; ICC = 1.00), Peak
power/BM (CV = 2.71%; ICC = 0.98), and RSI-mod (CV = 4.95%; ICC = 0.98).

Table 1. Reliability of sprint variables across static-start and pick-up acceleration conditions.

Static-Start

Pick-Up 1.5 m-s~1 Pick-Up 3.0 m-s—1 Reliability
Variable Rati
CV (%) ICC (95% CI) CV (%) ICC (95% CI) CV (%) ICC (95% CI) ating
Vmax (m-s~1) 0.86 0.99 (0.99-1.00) 0.63 1.00 (0.99-1.00) 1.20 0.99 (0.98-0.99) Excellent
Distance-to- 232 0.99 (0.98-0.99) 2.79 0.98 (0.97-0.99) 422 0.96 (0.93-0.98) Excellent
Vmax (m)
T5 (s) 130 0.98 (0.97-0.99) 2.53 0.93 (0.87-0.96) 1.76 0.90 (0.81-0.95) Excellent
T10 (s) 0.89 0.99 (0.98-1.00) 1.77 0.96 (0.93-0.98) 1.20 0.96 (0.93-0.98) Excellent
T20 (s) 0.59 1.00 (0.99-1.00) 1.15 0.98 (0.97-0.99) 0.85 0.99 (0.98-0.99) Excellent
T30 (s) 0.56 1.00 (0.99-1.00) 0.90 0.99 (0.98-1.00) 0.71 0.99 (0.99-1.00) Excellent
éﬁ?:lgf 242 0.98 (0.97-0.99) 3.84 0.97 (0.94-0.98) 429 0.96 (0.93-0.98) Excellent
éﬁf:lg;lo 1.65 0.99 (0.98-1.00) 2.53 0.98 (0.97-0.99) 3.66 0.97 (0.94-0.98) Excellent
Note. Data are presented as coefficient of variation (CV) and intraclass correlation coefficient (ICC)
with 95% confidence intervals (95% CI). Overall reliability rating indicates the classification achieved
by each variable in each of the three sprint conditions, based on the combined ICC and CV criteria.
Vmax: maximal velocity; Distance-to-Vmax: distance at which maximal velocity is reached; T5,
T10, T20 and T30: time to reach 5, 10, 20 and 30 m, respectively; Accel0-5 and Accel0-10: average
acceleration over the 0-5 m and 0-10 m intervals, respectively. Static start: sprint initiated from a
stationary position; Pick-up 1.5 m-s~ ! and Pick-up 3.0 m-s—L: sprint initiated after reaching an entry
velocity of 1.5 and 3.0 m-s— 1, respectively.
3.2. Effects of Starting Condition

Global linear mixed-effects model results showed a significant main effect of sprint
condition for Distance-to-Vmax, T5, T10, T20, T30, Accel0-5, and Accel0-10 (all p < 0.001),
but not for Vmax (p = 0.214). A significant main effect of playing position was observed
for all sprint outcomes (Vmax: p = 0.003; Distance-to-Vmax: p = 0.003; T5: p = 0.021; T10:
p =0.005; T20: p = 0.002; T30: p = 0.002; Accel0-5: p = 0.011; Accel0-10: p = 0.003). The sprint
condition X playing position interaction was significant only for Accel0-10 (p = 0.009),
while no significant interactions were observed for Vmax, Distance-to-Vmax, T5, T10, T20,
T30, or Accel0-5 (p = 0.083-0.373).

Table 2 presents the descriptive statistics and pairwise comparisons for sprint metrics
across the three starting conditions. Specifically, Distance-to-Vmax and all split times were
significantly shorter during both pick-up sprints compared to the static start, reaching their
lowest values at 3.0 m-s—! (p < 0.042; ES: small to very large). Additionally, Accel0-5 and
Accel0-10 were significantly higher during the static start and decreased as entry velocities
increased (p < 0.001; ES: large to very large). Finally, no significant differences were found
for Vmax among the starting conditions (p > 0.230; ES: trivial to small).

Table 2. Descriptive statistics and pairwise comparisons of sprint variables across static-start and
pick-up accelerations.
Variable Static-Start  Pick-Up 1.5m-s~1 Pick-Up 3.0 m-s~1 Static-Start vs. Static-start vs. Pick-Up 1.5m-s~1 vs.
(n = 38) (n = 38) (n = 38) Pick-Up 1.5 m-s~1 Pick-Up 3.0 m-s~1 Pick-Up 3.0 m-s~1
Vmax p=0845ES=—003  p=0285ES=022 p =0.230; ES = 0.29
(m-s~1) 6.94 +0.56 6.95 +0.56 6.92 4056 (—0.38 to 0.27) (=0.11 to 0.51) (—0.03 to 0.68)
Distance-to- p <0.001; ES =2.31 p <0.001; ES =2.78 p <0.001; ES =1.45
Vmax (m) ~ 22/0+366 18674291 1574 £2.58 (1.91 to 2.98) (2.32 0 3.63) (1.16 to 1.93)
p < 0.001; ES = 0.58 p < 0.001; ES = 3.49 p < 0.001; ES = 3.68
56) 1.52+£0.11 146+ 0.10 1154005 (0.28 to 0.95) (2.91 to 4.68) (3.11 to 4.64)
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Table 2. Cont.

Variable

Static-Start

Pick-Up 1.5 m-s~1

Pick-Up 3.0 m-s—1

Static-Start vs.

Static-start vs.

Pick-Up 1.5m-s~ 1 vs.

(n =38) (n=38) (n =38) Pick-Up 1.5 m-s~1 Pick-Up 3.0 m-s—1 Pick-Up 3.0 m-s—1
mom  aveol s ameon  POEEI0R pgmimoew oo

p=0.003 B
ES = 1.08 (0.48 to 1.79)

Note. Data are presented as mean =+ standard deviation for the whole sample. Pairwise comparisons
between sprint conditions were performed using the whole sample and are presented as p-values
adjusted using the Benjamini-Hochberg procedure and effect sizes (ES) with 95% confidence intervals.
Significant differences are highlighted in bold. Vmax: maximal velocity; Distance-to-Vmax: distance
at which maximal velocity is reached; T5, T10, T20 and T30: time recorded at 5, 10, 20 and 30 m,
respectively; Accel0-5 and Accel0-10: average acceleration over the 0-5 m and 0-10 m intervals,
respectively. Static start: sprint initiated from a stationary position; Pick-up 1.5 m-s— ! and Pick-up
3.0 m-s~!: sprint initiated after reaching entry velocities of 1.5 and 3.0 m-s~!, respectively.

3.3. Positional Differences

Table 3 presents the comparisons between playing positions for the sprint variables.
Specifically, across all starting conditions, backs recorded significantly higher Vmax,
Distance-to-Vmax, and Accel0-10, alongside lower T20 and T30 values compared to for-
wards (p < 0.05; ES: moderate). During the static start, backs exhibited significantly lower
T5 and greater Accel0-5 compared to forwards (p < 0.05; ES: moderate). Additionally, T10
was significantly lower for backs across both the static and the 1.5 m-s~! pick-up condi-
tions (p < 0.01; ES: moderate). Regarding the vertical jump comparisons (Figure 2), backs
demonstrated significantly greater CM] height, Peak power/BM, and RSI-mod compared
to forwards (p < 0.05; ES: moderate).

p=0.002 C p=0.047
70 - ES = 1.10 (0.50 to 1.85) ES = 0.67 (0.02 to 1.58)
0.8 -
_~
oo 0.7
=< 60 - =
= » 0.6 -
- £
E (] = 0.5 -
E 50 - -g :
. 5 £ 04
E i
&, 40 1 L 03
-
X £ :5% 0.2 -
30 - L

A\
—\

Backs

Forwards

Backs Forwards Backs Forwards

Figure 2. Comparison of jump variables between backs and forwards. (A) CM] height; (B) Peak
power/BM; and (C) RSI-mod. Violin plots illustrate the data density distribution, with internal
box plots representing the median and interquartile range, alongside individual data points. Exact
p-values and effect sizes (ES) with 95% confidence intervals are shown above each plot. Significance
was set at p < 0.05. CMJ: countermovement jump height; Peak power/BM: relative peak power;
RSI-mod: reactive strength index-modified; B: backs; F: forwards.
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Table 3. Positional differences in sprint variables across static-start and pick-up acceleration conditions.
Static-Start Pick-Up 1.5m-s~1 Pick-Up 3.0 m-s—1
Variable N N .
B (n=15) F (n=23) Comparison B (n=15) F (n=23) Comparison B (n=15) F (n=23) Comparison
p=0.002 p = 0.002 p =0.002
Vmax (m-s~1) 723 +£0.40 6.74 £ 0.58 ES =0.96 7.25 £0.38 6.72 £ 0.57 ES =1.05 721 £0.42 6.71 & 0.57 ES =0.97
(0.37 to 1.73) (0.48 to 1.86) (0.38 to 1.78)
. o p=0.012 p=0.042
alstance to-Vmax 2430 +2.31 21.54 + 4.06 ES = 0.80 2040 + 1.77 17.41 +2.95 ES 11;;(8'2210 192) 16.67 + 2.12 15.07 + 2.72 ES = 0.64
(0.24 to 1.44) T ’ (0.04 to 1.37)
p =0.042 p =0.089 p=0.329
T5 (s) 148 +0.12 1.55 £ 0.10 ES = —0.68 1.43 +£0.10 1.49 £+ 0.09 ES = —-0.55 1.13 £ 0.04 1.16 £ 0.04 ES = —-0.63
(—1.61 to —0.00) (—1.37 to 0.07) (—1.40 to 0.00)
p =0.006 p=0.016 p=0.102
T10 (s) 231 £0.16 245+ 0.14 ES = —0.92 229 +0.14 2.40 £0.15 ES = —0.77 1.98 £ 0.08 2.05 £ 0.09 ES =-0.84
(—1.84 to —0.25) (—1.54 to —0.17) (=1.61 to —0.25)
p =0.003 p = 0.004 p =0.018
T20 (s) 3.80 + 0.22 4.04 +£0.24 ES = —1.03 3.77 £0.20 3.99 +£0.25 ES = —0.97 3.45+0.14 3.62+0.19 ES = —1.00
(—1.85 to —0.40) (—1.75 to —0.39) (—1.76 to —0.43)
p =0.003 p =0.003 p =0.010
T30 (s) 523 +0.28 5.58 £0.37 ES = —1.03 518 £ 0.26 5.53 +0.38 ES = —1.03 4.89 +£0.23 517 £0.31 ES = —1.00
(—1.78 to —0.43) (—1.81 to —0.48) (—1.77 to —0.44)
p =0.004 p=0.073 p=0.139
Accel0-5 (m-s72) 3.73 £ 0.48 3.32+£0.39 ES =0.94 2.57 +£0.37 2.33 £0.36 ES =0.67 2114+0.28 1.93 £0.32 ES =0.60
(0.26 to 1.83) (0.06 to 1.40) (0.00 to 1.38)
p < 0.001 p=0.013 p =0.046
Accel0-10 (m-s~2) 277 £0.31 2.44 +0.30 ES =111 2.08 £0.25 1.85 £ 0.26 ES =0.92 1.67 £0.18 1.49 £0.24 ES =0.80
(0.48 to 1.91) (0.31 to 1.73) (0.19 to 1.59)

Note. Data are presented as mean =+ standard deviation. Comparisons between Backs and Forwards are presented as Benjamini-Hochberg-adjusted p-values and
effect sizes (ES) with 95% confidence intervals. Significant between-position differences are highlighted in bold. ES represents Cohen’s d for independent-group
comparisons. B: Backs; F: Forwards; Vmax: maximal velocity; Distance-to-Vmax: distance at which maximal velocity is reached; T5, T10, T20 and T30: time recorded
at 5, 10, 20 and 30 m, respectively; Accel0-5 and Accel0-10: average acceleration over the 0-5 m and 0-10 m intervals, respectively. Static start: sprint initiated from a
stationary position; Pick-up 1.5 m-s~! and Pick-up 3.0 m-s~!: sprint initiated after reaching entry velocities of 1.5 and 3.0 m-s~!, respectively.
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3.4. Sprint—Jump Associations

Correlation coefficients between sprint variables and CM]J-derived performance
variables across all starting conditions are detailed in Table 4. Specifically, all jump
metrics (i.e., CMJ, Peak power/BM, and RSI-mod) demonstrated significant, moderate to
very large positive correlations with Vmax, Distance-to-Vmax, Accel0-5, and Accel0-10
regardless of the starting protocol (p < 0.007; r/rho = 0.44 to 0.85). Conversely, the jump
metrics (i.e., CM], Peak power/BM, and RSI-mod) exhibited significant, moderate to
very large negative associations with all split times (i.e., T5, T10, T20, and T30) across
the static and pick-up acceleration conditions (p < 0.046; r/rho = —0.33 to —0.84).

Table 4. Correlations between sprint variables and jump performance variables across static-start and

pick-up acceleration conditions.

CcMJ Peak Power/BM RSI-mod
Sprint
¥ he Static-  Pick-Up  Pick-Up  Staticc  Pick-Up  Pick-Up  Stati-  Pick-Up  Pick-Up
Start 1.5m-s~1  3.0m-s1 Start 1.5m-s~1  3.0m-ss1 Start 1.5m-s~1  3.0m-ss1
Vimax r=0.84 r=0.84 r=0.84 r=0.84 r=0.85 r=0.84 rtho=0.81 rho=0.78 rho=0.74
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p<0.001
Distance- r=0.61 r=0.60 r=0.62 r=0.61 r=0.60 r=0.61 tho=0.60 rho=0.50 rho=0.59
to-Vmax p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p < 0.001 p <0.001 p =0.001 p <0.001
5 r=—067 r=-—058 r=—04 r=-061 r=-—-055 1r=-—046 rho=—0.59 rho=—0.55 rho=—0.33
p <0.001 p <0.001 p = 0.006 p <0.001 p <0.001 p =0.005 p <0.001 p <0.001 p =0.046
T10 r=—076 r=-—-072 r=—069 r=-—-071 r=-070 r=-—070 rho=—0.66 rho=—0.66 rho=—0.56
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001
T20 r=—08 r=—08 r=—081 r=—-079 r=-—-080 r=-—0.83 rho=-—0.72 rho=—0.75 rho=—0.72
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001
T30 r=—08 r=—-08 r=—-08 r=—081 r=—-082 r=-0.84 rho=-—0.75 rho=-—0.77 rho=—-0.74
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001
Accel0—5 r=0.78 r=0.77 rho = 0.65 r=0.73 r=0.72 tho=0.60 rho=0.65 rho=0.66 rho=0.44
p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p <0.001 p = 0.007
Accel0-10 r=0.83 r=0.82 r=0.79 r=0.79 r=0.81 r=0.79 tho=0.72 rho=0.75 rho=0.68
p <0.001 p < 0.001 p < 0.001 p <0.001 p < 0.001 p < 0.001 p <0.001 p < 0.001 p < 0.001

Note. Data are presented as correlation coefficients and Benjamini-Hochberg-adjusted p-values.
Statistically significant correlations (p < 0.05) are indicated in bold. Pearson’s r was used when
normality assumptions were met, and Spearman’s Rho when normality assumptions were not met.
CMyJ: countermovement jump height; Peak power/BM: peak power normalized to body mass; RSI-
mod: modified reactive strength index; Vmax: maximal velocity; Distance-to-Vmax: distance at
which maximal velocity is reached; Accel0-5 and Accel0-10: average acceleration over the 0-5 m
and 0-10 m intervals, respectively. Static start: sprint initiated from a stationary position; Pick-
up 1.5 m-s~! and Pick-up 3.0 m-s~!: sprint initiated after reaching entry velocities of 1.5 and
30mss 1, respectively.

In the multivariable analysis, the CM] block accounted for significant additional
variance across all sprint outcomes (AR? = 0.055-0.547; p <0.027; Table 5). However, none
of the individual CMJ-derived variables retained a significant independent association
with sprint performance after Benjamini-Hochberg adjustment (p > 0.140). VIF values
ranged from 4.48 to 8.84, with two of the three predictors exceeding the threshold of 5,
indicating considerable shared variance among the CM]J-derived predictors.
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Table 5. Multivariable associations between CMJ-derived performance variables and sprint outcomes.

Sprint Outcome CM]J Block CM] Height Peak Power/BM RSI-Mod

Vimax AR? = 0.547; p < 0.001 B= 0.34:7 [:f(())..;)goto 0.73]; B= 0.36}7[;(())..;);150 0.75]; B= O.lé;[;(())..gggto 0.57];
Distance-to-Vmax AR = 0.135; p = 0.027 B= 0.15p [;(())..623;0 0.52]; B= 0.04; [;8..;118;0 0.56]; B= O‘Zi [;(())’.;g:o 0.58];
T5 AR? = 0.055; p < 0.001 B= —0.25}7[:—(())..;118;0 —0.02]; B= 0.01,)[:—(())..;;1;0 0.27]; B= —00;:[—0()7§(2) to 0.14];
T10 AR? = 0.144; p < 0.001 B= —0.31}7[:—(())4.26;);0 —0.02]; B= —0(199:[6073} to 0.22]; B= _00;:[607357, to 0.18];
T20 AR? = 0.294; p < 0.001 B= —03;91:[60288 to 0.04]; p= —02};1:[6(215(’3; to 0.15]; B= _01’?:[606% to 0.18];
T30 AR? = 0.402; p < 0.001 B= —03;:[6%;(1] to 0.10]; p= —03;71:[6(;52 to 0.13]; B= _01;=[606§2 t0 0.17];
Accel0—5 AR? = 0.110; p < 0.001 B= 0-3:=[0(5,1104E)O 0.58]; B= 0.1(;[;(())..615;0 0.36]; B= 70052[607311 to 0.13];
Accel0-10 AR? = 0.149; p < 0.001 B= 0'2::[0695120 0.53]; B= 0-1‘; I;g.-slgsto 0.407; B = 0.03; [;(())..71§6t0 0.22];

Note. The CM] block comprised CM] height, Peak power/BM, and RSI-mod. AR? represents the
change in marginal R? after adding the CM]J block to the base model accounting for sprint condition
and playing position. 3 = standardized regression coefficient; values in brackets are unadjusted 95%
confidence intervals. All p-values are Benjamini—-Hochberg-adjusted, with statistically significant
values shown in bold. CM]J: countermovement jump; Peak power/BM: peak power normalized to
body mass; RSI-mod: modified reactive strength index; Vmax: maximal velocity; Distance-to-Vmax:
distance at which maximal velocity is reached; T5, T10, T20, and T30: split times over 5, 10, 20,
and 30 m, respectively; Accel0-5 and Accel0-10: average acceleration over the 0-5 m and 0-10 m
intervals, respectively.

4. Discussion

The present study compared sprint performance across static-start and pick-up ac-
celeration conditions at 1.5 and 3.0 m's~! in female rugby union players, considering
playing-position differences and associations between CM]J-derived performance variables
and sprint performance, including their combined and independent contributions. Intra-
session reliability of the radar-derived sprint variables was also assessed as part of the
methodological evaluation of the protocol. The main findings were the following: first,
the pick-up acceleration protocol demonstrated excellent intra-session reliability across all
sprint variables and entry conditions (Table 1); second, increasing entry velocity produced
a clear main effect on split times, Distance-to-Vmax, and interval-based acceleration, while
Vmax remained unchanged (Table 2); third, playing position showed a main effect across
sprint outcomes, with backs generally outperforming forwards (Table 3); and fourth, the
sprint condition x position interaction was significant only for Accel0-10, indicating a
condition-dependent positional difference for this outcome. Finally, CMJ-derived perfor-
mance variables (i.e., CM]J, Peak power/BM, and RSI-mod) showed significant moderate
to very large bivariate correlations with all sprint metrics within each sprint condition
(Table 4). However, when these variables were considered simultaneously, the CM] block
(i.e., CM] height, Peak power/BM, and RSI-mod taken together) explained significant
additional variance across all sprint outcomes, whereas no individual variable retained a
significant independent association after Benjamini-Hochberg adjustment (Table 5).

Intra-session reliability was excellent for all radar-derived sprint variables across the
static-start, 1.5 m-s~! and 3.0 m-s~! pick-up acceleration conditions (Table 1). Due to the
methodological challenge of standardizing entry velocity, few studies have directly exam-
ined pick-up acceleration, and available evidence has been derived from male cohorts using
different pacing and measurement approaches. This includes local position measurement
with an auditory-paced runner in junior soccer players [29] and a motorized linear position
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encoder with LED-paced entry velocities in heterogeneous team-sport athletes [7,9]. Previ-
ous reliability evidence is also limited: Sonderegger et al. [29] reported one-week test-retest
CVs only for maximal acceleration (amax) across standing, trotting, jogging and running
starts (target entry velocities: 0, ~1.7, ~3.0 and ~4.2 m-s~1; CV = 5.4-10.9%), whereas Pryer
et al. [7] reported between-session CVs for amax, Vmax, T5, T10 and T20 using LED-paced
relative entry velocities (20%, 40% and 60% of Vmax; mean entry velocities: 1.87, 4.43 and
6.71 m.s_l), with all performance-variable CVs < 4.75%. However, between-session relia-
bility has not yet been established for the specific radar-based protocol used in the present
study. Therefore, although the present findings support its within-session repeatability, its
suitability for longitudinal monitoring remains to be established. Nevertheless, the present
findings provide important initial evidence of the intra-session reliability of a radar gun
combined with LED-paced entry velocities for assessing pick-up acceleration performance
in a sport- and sex-specific sample of female rugby union players. Accordingly, these
findings should be interpreted as evidence of intra-session reliability rather than protocol
validity. Importantly, this study also showed excellent reliability for Distance-to-Vmax and
mean acceleration over the 0-5 m and 0-10 m intervals, variables not previously examined
in this context. Unlike amax, which represents the highest acceleration value reached at a
single point of the sprint, mean acceleration over a defined distance interval reflects the
change in velocity achieved over that entire section. This approach has previously been
used to characterize short-distance acceleration capacity in team-sport athletes [30].

Land

With respect to the comparison between sprint types (i.e., static-start, 1.5 m-s™
3.0 m-s~! pick-up acceleration), increasing entry velocity significantly and progressively
reduced split times (i.e., T5, T10, T20 and T30) and Distance-to-Vmax, with the shortest
values observed in the 3.0 m-s~! condition (Table 2). Similarly, Accel0-5 and Accel0-10
were significantly greater during the static-start sprint and decreased as entry velocity
increased, whereas Vmax remained unchanged across sprint types. Taken together, these
results suggest that entry velocity mainly modifies the acceleration demands during the
pick-up acceleration phase, rather than the maximal velocity ultimately attained. From
a mechanical perspective, this response is consistent with the linear force—velocity rela-
tionship of sprinting, whereby the capacity to produce net horizontal force decreases as
running velocity increases [31]. Thus, when athletes initiate the maximal acceleration phase
from a higher entry velocity, less capacity remains to further increase running speed, which
may explain the lower Accel0-5 and Accel0-10 values despite the shorter split times and
Distance-to-Vmax. This interpretation is consistent with previous work showing that accel-
eration capacity decreases as entry velocity increases during pick-up acceleration [7,29].
Notably, these interval-based acceleration variables have, to our knowledge, not previously
been examined in this context. Importantly, shorter split times in the pick-up conditions
should be interpreted in the context of higher entry velocities, rather than as evidence of
greater maximal-speed capacity. In practical terms, pick-up sprint protocols may allow
practitioners to assess acceleration from entry velocities representative of rugby match play.

Beyond these changes in acceleration demand, the present results support the notion
that pick-up acceleration should not be interpreted as a simple extension of static-start
acceleration, but rather as a distinct sprinting condition in which athletes must generate
further acceleration from an already moving state [7,9]. This distinction is reinforced by
previous evidence showing that static-start amax had only a moderate association with
1.5 m-:s~! pick-up amax (p < 0.001; r = 0.63) and a low, non-significant association with
3.0 m-s~! pick-up amax (p = 0.06; r = 0.34) [9]. The novel inclusion of Distance-to-Vmax in
the present study provides a practical expression of these sprint-type differences, as values
decreased from 22.70 + 3.66 m in the static-start sprint to 18.67 & 2.91 m and 15.74 + 2.58 m
in the 1.5 m-s~! and 3.0 m-s~! pick-up conditions, respectively (Table 2). Consequently,
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evaluation and training distances may need to be adjusted according to the sprint condition,
with drills initiated at higher entry velocities generally requiring shorter distances to reach
Vmax than those initiated at lower velocities or from a static start.

Although superior sprint performance in backs compared with forwards has been
widely reported in rugby, particularly for Vmax and longer sprint distances [1,5,12,32],
the present findings indicate that backs generally maintained superior sprint performance
across conditions. In the static-start sprint, backs outperformed forwards across all sprint
variables analyzed (Table 3). During pick-up acceleration, however, some of the between-
position comparisons for the earliest sprint outcomes (i.e., T5, T10, and Accel0-5) did not
reach statistical significance after Benjamini-Hochberg adjustment. Specifically, T5 and
Accel0-5 were not significantly different between positions at 1.5 m-s~!, while T5, T10, and
Accel0-5 were not significantly different at 3.0 m-s~!. Significant positional differences
were still observed for Vmax, Distance-to-Vmax, T20, T30, and Accel0-10 in both pick-up
conditions (Table 3). Importantly, the ES for T5 ranged from small to moderate, whereas
those for T10 remained moderate across conditions, with little variation in magnitude
(Table 3). Therefore, the absence of statistical significance in some pick-up comparisons
should not be interpreted as evidence that backs and forwards performed similarly.

However, the sprint condition X position interaction was not significant for T5 or T10
and reached significance only for Accel0-10. Thus, the strongest statistical evidence for a
condition-dependent change in the positional difference was observed for Accel0-10. One
possible explanation is that starting from walking or jogging speeds may leave less scope
for additional acceleration over the first 5-10 m, potentially influencing how positional
differences are expressed [7,29]. Additionally, the unequal group sizes (backs, n = 15;
forwards, n = 23) may have reduced the sensitivity of the post hoc comparisons to detect
positional differences in these short splits. These findings are particularly relevant because
rugby acceleration demands are rarely limited to static-start actions [7,11]. Indeed, elite
rugby data indicate that 53.4 4= 5.5% of accelerations begin from low-velocity movement
(0-1.9 m-s~ 1), with a further 31.8 ++ 5.0% initiated from jogging velocities (>1.9 m-s~1) [7,11].
Consequently, static-start and pick-up acceleration tests may provide complementary
information when profiling positional sprint performance in rugby. From an applied
perspective, these results suggest that training programs should not focus exclusively on
static-start acceleration but should also include pick-up acceleration drills initiated from
walking and jogging velocities. This may help practitioners develop sprint qualities that
are more specific to common rugby movement scenarios while addressing the positional
demands of both backs and forwards.

Regarding jump performance, our results indicated that backs exhibited significantly
higher CMJ, Peak power/BM, and RSI-mod values compared to forwards (p < 0.047;
ES = 0.67 to 1.10) (Figure 2), which aligns with previous findings in both elite female rugby
union [33] and rugby league [5] players. These positional differences may partly reflect
the distinct anthropometric characteristics of each playing position, as backs generally
exhibit lower body mass, whereas the greater body mass typically observed in forwards
may increase the mechanical demands of vertical jumping and contribute to lower rel-
ative lower-limb power performance [12,33]. Furthermore, our findings revealed that
regardless of the starting condition (i.e., static or pick-up), all CMJ-derived performance
variables demonstrated significant, moderate to very large bivariate correlations with all
sprint performance metrics (p < 0.046; r/rho = 0.33 to 0.85) (Table 4). This generalized
association agrees with recent evidence in female rugby union players showing signifi-
cant relationships between CMJ height and Vmax in both backs and forwards (p < 0.001;
r=0.72 and 0.77, respectively) [1]. In this context, the positive associations with Distance-
to-Vmax should be interpreted cautiously, as a greater Distance-to-Vmax is not necessarily

https://doi.org/10.3390/jfmk11040456


https://doi.org/10.3390/jfmk11040456

J. Funct. Morphol. Kinesiol. 2026, 11, 456 16 of 20

favorable and may partly reflect the higher Vmax attained by more powerful players. There-
fore, Distance-to-Vmax should be interpreted alongside Vmax rather than as an isolated
performance indicator.

Mechanically, although sprint acceleration is highly dependent on the ability to apply
force horizontally, continuing to accelerate from an already moving state may also require
high levels of vertical impulse [8], closely mirroring the vertical force application of the
CM]J. Similarly, the need to apply high mass-specific forces during these transitions [10]
may partly explain the associations between Peak power/BM and pick-up acceleration
performance (Table 4). RSI-mod combines jump height and time to take-off and therefore
reflects the ability to achieve greater CM] performance relative to the time required to
complete the movement [16]. Given that pick-up acceleration requires athletes to rapidly
increase propulsive output while already moving at a pre-existing velocity [8], a higher
RSI-mod may reflect a greater capacity to express lower-limb performance within a limited
time window. This interpretation is consistent with the observed associations between
RSI-mod and pick-up acceleration performance.

The multivariable analysis, however, provides an important qualification to these
correlational findings. When CM] height, Peak power/BM, and RSI-mod were considered
simultaneously, the CMJ block explained significant additional variance across all sprint
outcomes (AR? = 0.055-0.547), but none of the individual variables retained a significant
independent association after Benjamini-Hochberg adjustment (Table 5). Together with VIF
values ranging from 4.48 to 8.84, this suggests that a substantial proportion of the sprint-
related information captured by these CM]-derived variables is shared rather than unique
to any one metric. At this degree of multicollinearity, the precision of individual coefficient
estimates is reduced, limiting the statistical power to detect independent associations even
when such associations may exist. Therefore, the strong bivariate correlations should not
be interpreted as evidence that each variable provides distinct information about sprint
performance. From an applied perspective, these findings do not support prioritizing one
CMJ-derived metric as a uniquely informative marker of sprint performance across the
tested conditions. Instead, the choice of CM] metric should be guided by the neuromuscular
characteristic of interest, while recognizing that their associations with sprint performance
may substantially overlap.

4.1. Practical Applications

The present findings suggest that practitioners can use LED-paced entry velocities of
1.5 and 3.0 m-s~! to assess and prescribe pick-up acceleration from walking and jogging
speeds in female rugby union players. Based on the observed Distance-to-Vmax values,
post-pick-up distances of approximately 25 m at 1.5 m-s~! and 20 m at 3.0 m-s~! may
serve as practical guidelines for assessing acceleration up to Vmax in senior female rugby
union players. However, these distances should be considered indicative, as Distance-
to-Vmax may vary across populations (e.g., according to sport and competitive level) [1].
Practitioners are therefore encouraged to assess Distance-to-Vmax within their teams to
establish a common testing distance that allows the velocity—time profile up to Vmax to
be captured across players. Coaches should also complement static-start sprint testing
with pick-up acceleration tasks, particularly when profiling short accelerations initiated
from non-static-start conditions. However, because reliability was assessed within a single
session, longitudinal monitoring with this protocol should be interpreted cautiously until its
between-session reliability is established. Accordingly, CM]J-derived performance variables
may provide useful supporting information when interpreting sprint performance across
static-start and pick-up conditions, although the present findings do not support selecting
one metric over another as a better indicator of sprint performance.
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4.2. Limitations

The current study presents several limitations that should be acknowledged. First,
although the players belonged to a high-level amateur environment, the findings should
be interpreted as population-specific and may not be directly extrapolated to professional,
youth, or male rugby union players. Additionally, all participants were recruited from
a single team, and testing was conducted during a single session in May, at the end
of the competitive season. Therefore, potential between-team and seasonal variation in
pick-up acceleration performance could not be examined. Second, menstrual-cycle phase
and hormonal contraceptive use were not controlled, which should be considered when
interpreting neuromuscular performance outcomes. Third, the evaluation of neuromus-
cular performance was confined to bilateral vertical jumps (i.e., CM]). The integration
of unilateral or horizontally oriented assessments (e.g., broad jump) could provide addi-
tional information on the horizontal force production required during pick-up acceleration.
Fourth, the associations between CMJ-derived performance variables and sprint perfor-
mance were examined cross-sectionally within a single testing session. Therefore, these
findings cannot establish whether improvements in CM]J, Peak power/BM or RSI-mod lead
to improvements in pick-up acceleration performance. Longitudinal or intervention studies
are needed to examine this relationship. Fifth, radar measurements during the first steps of
a static-start sprint may be affected by rapid postural changes, because lower-trunk motion
may not closely reflect whole-body center-of-mass displacement during this phase [34].
Although the Stalker ATS II has shown close agreement with timing gates and high-speed
video during conventional linear sprint testing [23,35], these studies used static-start proto-
cols rather than moving-entry sprints. Accordingly, the criterion validity of radar-derived
measurements during pick-up acceleration has not yet been established. Future research
should determine whether sprint force—velocity profiling [31] can be adapted and validated
for pick-up acceleration initiated from non-zero entry velocities, allowing the mechan-
ical determinants of performance under these conditions to be examined more directly.
A further limitation is that static-start sprints always preceded pick-up accelerations, mean-
ing that potential order effects cannot be entirely ruled out despite prior familiarization and
recovery periods between trials. Finally, the pick-up acceleration protocol utilized absolute
entry velocities of 1.5 and 3.0 m-s~!. While this approach replicates typical match-play
locomotion, it inherently creates different relative mechanical and physiological demands
among athletes.

5. Conclusions

In conclusion, increasing entry velocity reduced split times, Accel0-5, Accel0-10 and
Distance-to-Vmax, while Vmax remained unchanged, indicating that pick-up acceleration
mainly modifies the acceleration phase. Backs outperformed forwards across all sprint
outcomes in the static-start condition. During pick-up acceleration, positional differences
remained significant for Vmax, Distance-to-Vmax, T20, T30, and Accel0-10, whereas T5 and
Accel0-5 were not significantly different between positions at either entry velocity, and T10
was also non-significant at 3.0 m-s~ 1. Despite this, the ES for T5 ranged from small to mod-
erate, whereas those for T10 remained moderate across conditions; only Accel0-10 showed
a significant sprint condition X position interaction. Therefore, the non-significant early
comparisons should not be interpreted as indicating an absence of positional differences
during pick-up acceleration. Additionally, CM] height, Peak power/BM, and RSI-mod
were associated with sprint outcomes across both static-start and pick-up acceleration
conditions. When considered simultaneously, these variables collectively explained ad-
ditional variance across sprint outcomes, although none of the three metrics retained a
significant independent association. For coaches and practitioners, incorporating CM]
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assessments alongside pick-up sprint testing may provide complementary information
when evaluating players’ lower-limb neuromuscular and acceleration capabilities. From a
methodological perspective, a radar gun combined with LED-paced entry velocities demon-
strated excellent intra-session reliability for assessing static-start and pick-up acceleration
performance in female rugby union players.
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Abbreviations

The following abbreviations are used in this manuscript:

Accel0-5 Average acceleration over the 0-5 m interval
Accel0-10 Average acceleration over the 0-10 m interval
amax Maximal acceleration

BM Body mass

CI Confidence interval

CMJ Countermovement jump height

Cv Coefficient of variation

Distance-to-Vmax  Distance at which maximal velocity is reached
ES Effect size

ICC Intraclass correlation coefficient

LED Light-emitting diode

Peak power/BM  Peak power normalized to body mass
RSI-mod Modified reactive strength index

SD Standard deviation

T5, T10, T20, T30 Time to reach 5, 10, 20 and 30 m, respectively
Vmax Maximal velocity

References

1.

Fink, B.; Zabaloy, S.; Loturco, I.; Gélvez-Gonzalez, J. Linear Sprint and Vertical Jump Performance in Female Rugby Union Players:

An Exploratory Analysis Across Age Groups and Playing Positions. J. Strength Cond. Res. 2026, 40, 118-126. [CrossRef]

Cunningham, D.].; Shearer, D.A.; Drawer, S.; Pollard, B.; Cook, C.J.; Bennett, M.; Russell, M.; Kilduff, L.P. Relationships between
Physical Qualities and Key Performance Indicators during Match-Play in Senior International Rugby Union Players. PLoS ONE

2018, 13, €0202811. [CrossRef]

Zabaloy, S.; Girdldez, J.; Gazzo, F.; Villaseca-Vicufia, R.; Galvez Gonzélez, ]. In-Season Assessment of Sprint Speed and Sprint
Momentum in Rugby Players According to the Age Category and Playing Position. . Hum. Kinet. 2021, 77, 274-286. [CrossRef]

https://doi.org/10.3390/jfmk11040456


https://doi.org/10.1519/JSC.0000000000005264
https://doi.org/10.1371/journal.pone.0202811
https://doi.org/10.2478/hukin-2021-0025
https://doi.org/10.3390/jfmk11040456

J. Funct. Morphol. Kinesiol. 2026, 11, 456 19 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Smart, D.; Hopkins, W.G.; Quarrie, K.L.; Gill, N. The Relationship between Physical Fitness and Game Behaviours in Rugby
Union Players. Eur. J. Sport Sci. 2014, 14, S8-517. [CrossRef]

Jones, B.; Emmonds, S.; Hind, K.; Nicholson, G.; Rutherford, Z.; Till, K. Physical Qualities of International Female Rugby League
Players by Playing Position. J. Strength Cond. Res. 2016, 30, 1333-1340. [CrossRef]

Zabaloy, S.; Freitas, T.T.; Alcaraz, PE.; Galvez-Gonzélez, J.; Pereira, L.A.; Comyns, T.; Loturco, I.; Healy, R. Relative Acceleration
and Maximum Velocity in Rugby Players According to Age Category and Playing Position. J. Strength Cond. Res. 2024, 38,
1778-1785. [CrossRef]

Pryer, M.E.; Cronin, J.; Neville, J.; Uthoff, A. Effect of Entry Velocity on Pickup Acceleration Performance. Int. J. Strength Cond.
2025, 5. [CrossRef]

Pryer, M.E.; Cronin, J.; Neville, J.; Uthoff, A. Kinematics and Kinetics of Pick-up Acceleration. Int. J. Sports Sci. Coach. 2025, 20,
2796-2804. [CrossRef]

Pryer, M.E.; Cronin, J.; Neville, J.; Mascioli, N.; Slocum, C.; Barger, S.; Uthoff, A. Understanding Gameplay Acceleration Ability,
Using Static Start Assessments: Have We Got It Right? Biomechanics 2026, 6, 4. [CrossRef]

Pryer, M.; Cronin, J.; Korfist, C.; Neville, J.; Uthoff, A. New Perspectives in Assessing Pickup Acceleration. Int. J. Strength Cond.
2025, 5. [CrossRef]

Lacome, M.; Piscione, ]J.; Hager, ].-P.; Bourdin, M. A New Approach to Quantifying Physical Demand in Rugby Union. . Sports
Sci. 2014, 32, 290-300. [CrossRef]

Posthumus, L.; Macgregor, C.; Winwood, P.; Tout, J.; Morton, L.; Driller, M.; Gill, N. The Physical Characteristics of Elite Female
Rugby Union Players. Int. ]. Environ. Res. Public Health 2020, 17, 6457. [CrossRef]

Robinson, P.D.; Mills, S.H. Relationship between Scrummaging Strength and Standard Field Tests for Power in Rugby.
In Proceedings of the 18th International Symposium on Biomechanics in Sports, Hong Kong, China, 25-30 June 2000;
pp- 980-981.

Zabaloy, S.; Pareja-Blanco, F,; Carlos-Vivas, ].; Galvez Gonzélez, ]. Determinant Factors of Physical Performance in Rugby Specific
Playing Positions. Sci. Sports 2021, 36, 308.e1-308.e10. [CrossRef]

Loturco, I.; Contreras, B.; Kobal, R.; Fernandes, V.; Moura, N.; Siqueira, F.; Winckler, C.; Suchomel, T.; Pereira, L.A. Vertically and
Horizontally Directed Muscle Power Exercises: Relationships with Top-Level Sprint Performance. PLoS ONE 2018, 13, e0201475.
[CrossRef]

Suchomel, T.J.; 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]

McKay, A K.A,; Stellingwerff, T.; Smith, E.S.; Martin, D.T.; Mujika, I.; Goosey-Tolfrey, V.L.; Sheppard, J.; Burke, L.M. Defining
Training and Performance Caliber: A Participant Classification Framework. Int. J. Sports Physiol. Perform. 2022, 17, 317-331.
[CrossRef]

Borg, G.A.V. Psychophysical Bases of Perceived Exertion. Med. Sci. Sports Exerc. 1982, 14, 377-381. [CrossRef]

Staniszewski, M.; Tkaczyk, J.; Keska, A.; Zybko, P.; Mréz, A. Effect of Rest Duration between Sets on Fatigue and Recovery after
Short Intense Plyometric Exercise. Sci. Rep. 2024, 14, 15080. [CrossRef]

Franceschi, A.; Robinson, M.A.; Owens, D.]J.; Brownlee, T.; Connolly, D.R.; Coutts, A.J.; Ferrari Bravo, D.; Enright, K. Post-Match
Recovery Responses in Italian Serie A Youth Soccer Players: Effects of Manipulating Training Load 48 h After Match Play. Eur. J.
Sport Sci. 2025, 25, €12297. [CrossRef]

Altmann, S.; Ruf, L.; Backfisch, M.; Thron, M.; Woll, A.; Walter, L.; Kaul, D.; Bergdolt, L.; Hartel, S. Assessing Maximal Sprinting
Speed in Soccer—Criterion Validity of Commonly Used Devices. Sci. Med. Footb. 2026, 10, 126-131. [CrossRef]

Applied Concepts, Inc. Stalker ATS I Professional Sports Radar: Owner’s Manual, Applied Concepts, Inc.: Plano, TX, USA, 2016.
Romero-Franco, N.; Jiménez-Reyes, P.; Castafio-Zambudio, A.; Capelo-Ramirez, F.; Rodriguez-Juan, ].J.; Gonzalez-Hernéndez, J.;
Toscano-Bendala, EJ.; Cuadrado-Pefafiel, V.; Balsalobre-Ferndndez, C. Sprint Performance and Mechanical Outputs Computed
with an iPhone App: Comparison with Existing Reference Methods. Eur. J. Sport Sci. 2017, 17, 386-392. [CrossRef]

Harper, D.J.; Philipp, N.M.; Eriksrud, O.; Jones, P.A.; Graham-Smith, P.; Dos’Santos, T. Assessing Deceleration Performance:
Methodological and Practical Considerations. Sports Med. 2026, 56, 1-22. [CrossRef]

Koo, TK.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155-163, Erratum in J. Chiropr. Med. 2017, 16, 346. [CrossRef]

Harper, D.J.; Morin, ].-B.; Carling, C.; Kiely, ]. Measuring Maximal Horizontal Deceleration Ability Using Radar Technology:
Reliability and Sensitivity of Kinematic and Kinetic Variables. Sports Biomech. 2023, 22, 1192-1208. [CrossRef]

Batterham, A.M.; Hopkins, W.G. Making Meaningful Inferences About Magnitudes. Int. ]. Sports Physiol. Perform. 2006, 1, 50-57.
[CrossRef]

Hopkins, W.G.; Marshall, S.W.; Batterham, A.M.; Hanin, J. Progressive Statistics for Studies in Sports Medicine and Exercise
Science. Med. Sci. Sports Exerc. 2009, 41, 3-13. [CrossRef]

https://doi.org/10.3390/jfmk11040456


https://doi.org/10.1080/17461391.2011.635812
https://doi.org/10.1519/JSC.0000000000001225
https://doi.org/10.1519/JSC.0000000000004861
https://doi.org/10.47206/ijsc.v5i1.419
https://doi.org/10.1177/17479541251350474
https://doi.org/10.3390/biomechanics6010004
https://doi.org/10.47206/ijsc.v5i1.397
https://doi.org/10.1080/02640414.2013.823225
https://doi.org/10.3390/ijerph17186457
https://doi.org/10.1016/j.scispo.2020.06.011
https://doi.org/10.1371/journal.pone.0201475
https://doi.org/10.1519/JSC.0000000000001100
https://doi.org/10.1123/ijspp.2021-0451
https://doi.org/10.1249/00005768-198205000-00012
https://doi.org/10.1038/s41598-024-66146-2
https://doi.org/10.1002/ejsc.12297
https://doi.org/10.1080/24733938.2024.2441321
https://doi.org/10.1080/17461391.2016.1249031
https://doi.org/10.1007/s40279-025-02339-7
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1080/14763141.2020.1792968
https://doi.org/10.1123/ijspp.1.1.50
https://doi.org/10.1249/MSS.0b013e31818cb278
https://doi.org/10.3390/jfmk11040456

J. Funct. Morphol. Kinesiol. 2026, 11, 456 20 of 20

29.

30.

31.

32.

33.

34.

35.

Sonderegger, K.; Tschopp, M.; Taube, W. The Challenge of Evaluating the Intensity of Short Actions in Soccer: A New Method-
ological Approach Using Percentage Acceleration. PLoS ONE 2016, 11, €0166534. [CrossRef]

Loturco, I; Pereira, L.A.; Freitas, T.T.; Alcaraz, P.E.; Zanetti, V.; Bishop, C.; Jeffreys, I. Maximum Acceleration Performance of
Professional Soccer Players in Linear Sprints: Is There a Direct Connection with Change-of-Direction Ability? PLoS ONE 2019, 14,
€0216806. [CrossRef]

Samozino, P; Rabita, G.; Dorel, S.; Slawinski, J.; Peyrot, N.; Saez de Villarreal, E.; Morin, J.-B. A Simple Method for Measuring
Power, Force, Velocity Properties, and Mechanical Effectiveness in Sprint Running. Scand. J. Med. Sci. Sports 2016, 26, 648—658.
[CrossRef]

Duthie, G.M.; Pyne, D.B.; Marsh, D.J.; Hooper, S.L. Sprint Patterns in Rugby Union Players During Competition. J. Strength Cond.
Res. 2006, 20, 208-214. [CrossRef]

Yao, X.; Austerberry, A.; Bishop, C.; Wilson, L.; Chiang, C.-Y.; Turner, A. Seasonal Variation and Positional Differences in
Anthropometry, Strength, and Power Characteristics in English Premiership Women’s Rugby Union Players. J. Strength Cond. Res.
2024, 38, 924-931. [CrossRef]

Simperingham, K.D.; Cronin, ].B.; Ross, A. Advances in Sprint Acceleration Profiling for Field-Based Team-Sport Athletes: Utility,
Reliability, Validity and Limitations. Sports Med. 2016, 46, 1619-1645. [CrossRef]

Roe, G.; Darrall-Jones, J.; Black, C.; Shaw, W.; Till, K.; Jones, B. Validity of 10-HZ GPS and Timing Gates for Assessing Maximum
Velocity in Professional Rugby Union Players. Int. ]. Sports Physiol. Perform. 2017, 12, 836-839. [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/10.3390/jfmk11040456


https://doi.org/10.1371/journal.pone.0166534
https://doi.org/10.1371/journal.pone.0216806
https://doi.org/10.1111/sms.12490
https://doi.org/10.1519/R-16784.1
https://doi.org/10.1519/JSC.0000000000004736
https://doi.org/10.1007/s40279-016-0508-y
https://doi.org/10.1123/ijspp.2016-0256
https://doi.org/10.3390/jfmk11040456

	Introduction 
	Materials and Methods 
	Design of the Study 
	Participants 
	Pre-Test Procedures and Warm-Up 
	Countermovement Jump (CMJ) 
	Sprint Test 
	Data Analysis 
	Statistical Analysis 

	Results 
	Assumptions and Reliability 
	Effects of Starting Condition 
	Positional Differences 
	Sprint–Jump Associations 

	Discussion 
	Practical Applications 
	Limitations 

	Conclusions 
	References

