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Purpose: To investigate the relationships between a series of direct and indirect measures of linear and multidirectional speed
performance in elite female rugby sevens players.Methods: Nineteen players from the Brazilian national team performed 40-m
linear sprint and 505 change-of-direction (COD) tests on the same day. Based on the linear sprint and COD test performances, the
COD deficit (CODD) and deceleration deficit (DD) were also obtained. A Pearson product–moment correlation analysis was
used to determine the relationships between linear sprint and COD-derived variables. Results: Linear sprint and 505 COD
velocities were not significantly associated (P > .05). Large to very large significant associations (r values ranging from .54 to .78;
P < .05) were detected between linear sprint velocity for the different distances tested (10, 15, 30, and 40 m) and CODD. The
COD velocity presented a very large inverse significant correlation with CODD and DD (r = −.77 and −.79 respectively; P < .05).
A large and significant correlation was identified between CODD and DD (r = .79; P < .05). Conclusions: Significant
associations were observed between linear sprint and CODD, suggesting that faster players are less efficient at changing
direction. No relationship was found between sprint velocity and DD, highlighting the independent nature of linear sprints and
deceleration capabilities. A comprehensive and detailed analysis of multidirectional speed performance should consider not only
linear sprint and COD performances but also complementary COD-derived variables such as the CODD and DD.
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Rugby sevens is an intermittent high-intensity sport in which
high-speed running and linear and multidirectional sprinting efforts
are key determinants of performance1,2 since these actions fre-
quently precede decisive game actions (eg, tries and line breaks).
Competition data indicate that during a match (ie, which consists
of two 7-min halves), players cover from ∼1000 to 2500 m, with
∼130 to 190 m corresponding to velocities >18.0 km·h−1.1 More-
over, the multidirectional nature of the game is evidenced by the
considerable number of accelerations, decelerations, and changes
of direction (COD) executed during match play.1 This is the reason
why researchers have long been interested in studying and defining
the main determinants of the ability to effectively accelerate,
decelerate, and execute cutting and turning maneuvers in multiple
directions in this team sport.3–5

Traditionally, COD performance has been assessed either by
completion time5–7 or average velocity,4,8 as these measures repre-
sent how fast an athlete can get from one point to another. However,

additional metrics such as the COD deficit (CODD) and the
deceleration deficit (DD) have more recently been shown to
provide meaningful and complementary information for coa-
ches.9–11 The CODD corresponds to the absolute (ie, in time or
velocity)12,13 or relative (ie, in percentage)14 difference between a
pure linear sprint and a COD test of equal distance and has been
used to indicate how “efficient” an athlete is at changing direction
with respect to his or her linear sprint ability (ie, the lower the
CODD, the greater the efficiency). The DD consists of the differ-
ence between the time taken to accelerate and come to a complete
stop when changing direction in relation to linear sprint perfor-
mance.10 This variable has been described as an isolated construct
related to the ability to rapidly decelerate and can be used to identify
athletes whose COD performance might be limited by their decel-
eration capability.10 In light of this, and given the importance of
high-intensity acceleration8 and deceleration15,16 efforts in multi-
directional team sports, comprehensive COD assessments should
include not only test completion time but also other COD-derived
measurements, such as the CODD and DD.

Clarke et al10 analyzed the associations between linear sprint
and 505 times, DD, and CODD in recreational players of different
invasion sports (ie, netball, hockey, rugby, and soccer), observing
that: (1) 505 time was significantly correlated with 15-m sprint
time, CODD, and DD (r values of ∼.75, ∼.75, and ∼.43, respec-
tively) and (2) CODD was significantly related to DD (r ∼.60),
which also reflects a moderate shared variance (ie, 36%) between
these 2 COD-derivedmeasures.10 Bishop et al9 used the CODD and
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DD to determine limb dominance and interlimb asymmetries,
confirming the independent nature of these metrics as only moder-
ate levels of agreement were found between them (ie, Kappa = .41
on left side and .48 on right side). Of note, Bishop et al9 evaluated a
cohort of male rugby union players while Clarke et al10 reported
pooled data from a mixed sample of male and female athletes.
Hence, with the current knowledge, it is not possible to conclude
whether the relationships between linear sprints, COD velocities,
CODD, and DD are similar for both sexes. This is an important issue
since several studies indicate that male and female team-sport
players may exhibit specific differences in terms of speed-related
performance.3,17,18 For example, female soccer players have been
reported to display less optimal braking strategies (compared with
males) in drills with 180° turns (ie, in female players, a greater
proportion of braking took place during the final foot contact instead
of the penultimate),17 whereas male rugby sevens players have been
shown to present higher levels of CODD and sprint momentum (ie, a
variable suggested to negatively affect COD ability)3 when com-
pared with their female counterparts. As such, the COD abilities of
male and female players should be evaluated and interpreted sepa-
rately in order to inform coaches on how to create tailored and
effective training strategies for each specific group.

When reviewing the literature, it is clear that evidence is scarce
regarding the association between speed-related variables
(eg, linear sprint and COD velocities, and sprint momentum) and
COD-derived measurements such as the CODD and DD in female
athletes. Specifically, only one study4 tested the correlations
between sprint momentum and CODD in this population; none-
theless, CODD was computed from the Zigzag (and not from the
505) test. In addition, to date, no research has examined and
calculated the DD in female rugby sevens players. Therefore, the
current study aimed to investigate the relationships between a series
of direct and indirect measures of speed performance (ie, linear
sprint velocity, COD velocity, sprint momentum, CODD, and DD)
in National team female rugby sevens players.

Methods
Subjects

Nineteen elite female rugby sevens players (age: 23.7 [3.5] y; body
mass: 66.4 [7.5] kg; height: 1.68 [0.10] m) from the Brazilian
National team participated in this study. Players were tested in
the final phase of preparation for the World Rugby Sevens Series.
No musculoskeletal injuries were reported at the time of testing in
the preceding 4 weeks. The study was approved by the local Ethics
Committee (registration number 4.355.629), and all subjects were
informed of the inherent risks and benefits associated with study
participation, before signing informed consent forms.

Study Design

This cross-sectional correlational study aimed to assess the relation-
ships between linear and COD-related variables in female rugby
sevens players. Due to the constant training and assessments in our
sports facilities, all athletes were well familiarized with testing
procedures. Players performed physical assessments on the same day,
in the following order: 40-m linear sprint (with split times in 10, 15,
30, and 40 m) and 505 COD test. Prior to the tests, athletes performed
standardized warm-up protocols including general (ie, running at a
moderate pace for 10 min followed by dynamic stretching for 3 min)
and specific exercises (ie, submaximal attempts for each test).

Methodology

Linear Sprint Velocity

Five pairs of photocells (Elite Speed System, S2 Sports) were
positioned at the starting line and at the distances of 10, 15, 30, and
40 m along the sprinting course. Players sprinted twice on an
indoor sprint track, starting from a standing position 0.5 m behind
the starting line. Sprint velocity was calculated as the distance
traveled over a measured time interval. Sprint momentum (in
kilogram meters per second) was obtained by multiplying the
athlete’s body mass by the respective velocity in the sprint test.
A 5-minute rest interval was allowed between the 2 attempts, and
the fastest time was considered for the analyses.

505 COD Velocity

Players started from a standing position with the front foot placed
0.5 m behind the first pair of photocells (Smart Speed System,
Fusion Sport). The second pair of photocells was positioned at
10 m, and a contact mat (Smart Jump System, Fusion Sport) was
set at the distance of 15 m from the starting line. Athletes were
instructed to sprint to the contact mat, placing either their right or
left foot on the line (drawn in the middle of the mat), perform a 180°
turn, and then sprint through the finishing line (10-m photocells;
Figure 1). The 505 COD test considered the time from the 10-m
gate to the 15-m contact mat and back to the 10-m gate (for a total
distance of 10 m) and was completed for either left or right sides.
The 505 COD velocity was calculated as the distance traveled over
a measured time interval. Two attempts were performed for each
side, and the best attempt was retained for analysis.

COD and DD Calculation

The CODD was calculated based on the percentage difference
between 10-m linear sprint and 505 COD velocities.14 To deter-
mine the DD, during each 505 COD test trial, the time from the
starting line to the contact mat (placed at 15 m) was recorded to
calculate deceleration time. The DD was calculated as the differ-
ence between the fastest 15-m linear sprint and 15-m deceleration
times (+50% ground contact time).9–11

Statistical Analyses

Data are presented as mean and SD. Normality of data was con-
firmed via the Shapiro–Wilk test. Absolute and relative reliabilities
were calculated for each metric, using the coefficient of variation and
the intraclass correlation coefficient, respectively. A Pearson prod-
uct–moment test was performed to determine the relationships
between linear and COD sprint-derived variables, which were
qualitatively interpreted as follows: <.09—trivial; .10 to .29—small;
.30 to .49—moderate; .50 to .69—large; .70 to .89—very large and
>.90—nearly perfect.19 Significance level was set at P < .05. All
statistical analyses were performed using the Jamovi statistical
software (version 2.2.5; Jamovi Project—Patreon).

Results
Table 1 depicts the descriptive data (mean [SD]) for the different
variables analyzed. Table 2 shows the reliability coefficients for the
different performance measures. Table 3 depicts the correlation
coefficients between linear sprint and COD-derived variables.
Large to very large significant relationships were noticed between
linear sprint velocity for the different distances tested and CODD
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(r values ranging from .54 to .78; P < .05). The COD velocity
presented a very large inverse significant correlation with CODD
and DD (r = −.77 and −.79 respectively; P < .05). Finally, a large
and significant correlation was noticed between CODD and DD
(r = .79; P < .05).

Discussion
The present study examined, for the first time, the associations
between linear sprint velocity, sprint momentum, 505 COD veloc-
ity, and 2 field-based COD-derived measurements (ie, CODD and
DD) in elite female rugby sevens players. The main findings were:
(1) sprint velocity was not correlated with COD velocity and DD;
however, strong associations were found between sprint velocity
and CODD; (2) sprint momentum was not correlated with CODD
and DD; (3) large inverse relationships were detected between
COD velocity and both COD-derived variables; and (4) CODD and
DD were largely associated, which reinforces the notion that more
efficient players at changing direction display superior reaccelera-
tion and deceleration capabilities.

Linear sprint and 505 COD velocities were not significantly
related which suggests that, in this specialized sample, athletes with
superior sprint capabilities were not necessarily faster when exe-
cuting maneuvers with 180° turns, such as the 505 test. These
results contrast with previous research that found moderate to
strong associations between short sprint and 505 COD times.11,12,18

However, in line with the current findings, Delaney et al20 also
reported no association between 10-m sprint and dominant-side
505 times in elite rugby players. The authors hypothesized that this
could be due to the limited similarities that exist between the
acceleration phase of a pure linear sprint and the approach run of
the 505 test since, in the latter, players are required to rapidly
decelerate their center of mass20 before turning and reaccelerating
in the opposite direction. To some extent, the data presented herein
reinforce this view, as no meaningful associations were identified
between linear sprint performance and DD, highlighting the spec-
ificity and independence of these physical capabilities and the
importance of, in high-performance training settings, assessing
both separately.10

As already reported in the literature, faster players in linear
sprinting actions tended to display larger CODD (r values ranging
from .54 to .78), which indicates that they are less efficient at
changing direction.4,8,21,22 Previous research has indicated that a
greater sprint momentum could be one of the key factors explaining
this phenomenon.7,21 For example, Freitas et al21 found large

Figure 1 — 505 change-of-direction test sequencing (in counterclockwise order, starting from the upper right corner) with the necessary apparatus for
the measurement of the deceleration deficit. A–C: initial acceleration; D–E: antepenultimate and penultimate foot contacts; F: final foot contact; G–H:
reacceleration.

Table 1 Descriptive Data of the Different
Sprint- and COD-Derived Variables

Mean (SD)

Velocity 10 m, m·s−1 5.53 (0.22)

Velocity 15 m, m·s−1 5.86 (0.24)

Velocity 30 m, m·s−1 6.80 (0.31)

Velocity 40 m, m·s−1 7.05 (0.35)

Sprint momentum 10 m, kg·m·s−1 367.1 (42.4)

Sprint momentum 15 m, kg·m·s−1 388.7 (45.3)

Sprint momentum 30 m, kg·m·s−1 450.2 (47.5)

Sprint momentum 40 m, kg·m·s−1 466.7 (48.8)

COD velocity, m.s−1 4.82 (0.19)

COD deficit, % 21.9 (7.8)

Deceleration deficit, s 0.62 (0.15)

Abbreviation: COD, change of direction.

Table 2 Reliability Coefficients for the Different
Performance Measures

CV, % ICC

Velocity 10 m, m·s−1 .91 .96

Velocity 15 m, m·s−1 .72 .97

Velocity 30 m, m·s−1 .49 .99

Velocity 40 m, m·s−1 .48 .99

Change-of-direction velocity, m·s−1 1.70 .91

Abbreviations: CV, coefficient of variation; ICC, intraclass correlation coefficient.
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relationships between CODD in different multidirectional tests and
sprint momentum in male rugby union players, most likely due to
the higher braking forces that must be applied to overcome the
greater inertia negatively affecting CODD.3,21 Contradicting these
observations, we did not observe significant correlations between
sprint momentum, CODD, and DD. Nevertheless, it is important to
mention that the participants in the present study presented a
considerably lower body mass than that reported in Freitas
et al21 (∼65 kg vs ∼85 kg). In this context, it seems that linear
sprint velocity might be the main factor influencing CODD in
lighter players, whereas body mass (and momentum) is more
decisive in heavier athletes, as already noted by Loturco et al.11

Of interest, the only study4 that found sprint momentum to be
related to CODD in female rugby sevens players utilized a different
multidirectional speed test (i.e., the Zigzag, consisting of 3
∼90°−100° CODs), and, therefore, direct comparisons should be
avoided due to the well-established influence of COD angle and
velocity on COD test performance (and its respective determi-
nants).23 From an applied perspective, for reasons to be further
clarified, (lighter) female athletes appear to be less influenced by
sprint momentum during aggressive COD maneuvers than their
male counterparts. This also suggests that these players might
possess a greater window of COD development, since physical
skills that are theoretically more modifiable through training
(ie, linear sprint velocity and COD technique) appear to have a
greater influence on multidirectional performance than anthropo-
metric factors (eg, body mass).

The strong negative correlations between 505 COD velocity
and CODD and DD support that superior performances in this
COD maneuver are highly determined by the athletes’ capacity to
decelerate quickly and abruptly and reaccelerate. Faster 180°
directional changes have been linked to greater reductions in
velocity during the antepenultimate and penultimate foot contacts
in laboratory-based studies,24,25 but this is the first investigation to
simultaneously analyze and search for correlations between the
CODD and DD in female rugby sevens players. The current
findings strongly suggest that performance in the 505 test (and
other COD maneuvers in which an aggressive deceleration is
distributed over multiple steps) greatly depends on “how well”
players are able to effectively reduce center-of-mass velocity and
cope with the eccentric forces associated with these actions before
reaccelerating in the opposite direction. Remarkably, in line with
Clarke et al,10 players more efficient at changing direction
(ie, lower CODD) displayed greater deceleration capabilities
(ie, lower DD), as evidenced by the large association detected
between both COD-derived measurements (r = .79). This indicates
that, in the cohort analyzed here, deceleration ability was an
important limiting factor of performance in players displaying
higher CODD. Therefore, despite their independent nature,9,10 the
CODD and DD seem to be closely related, and it can be expected

that improving the ability to “hit the brakes” during sharp COD
maneuvers will result in positive changes in CODD in elite female
rugby sevens players. However, coaches should keep in mind that
both COD-derived measures should be analyzed in conjunction
with linear sprint and COD velocities, since peak velocities
achieved before changing direction affect the distance over which
athletes must decelerate,26 which potentially affects the DD.

This study is limited by: (1) its cross-sectional design that
does not allow establishment of causal relationships between the
variables analyzed and (2) the fact that deceleration ability was
assessed with an indirect time-based measurement (ie, DD) and
not through actual changes in velocity over time using GPS or
radar devices, as recommended in previous research.27 Neverthe-
less, it is important to note that the DD calculation used here is a
field-based method that can be easily employed by practitioners in
the field.

Practical Applications
Faster female rugby sevens players in linear sprinting actions were
not necessarily faster when performing the 505 test but displayed
greater CODD. Furthermore, sprint momentum was not found to
influence the efficiency to decelerate (as assessed by the DD) or
change direction (ie, assessed by the CODD), possibly due to
anthropometric characteristics (ie, low body mass). Altogether, the
findings of the present study suggest that, to improve the ability of
female rugby sevens players to perform 180° directional changes,
training strategies should aim to improve COD technique (and
reduce CODD) and optimize players’ deceleration ability, instead
of focusing on increasing linear sprint velocity. Coaches are
encouraged to prescribe COD-based training programs that prepare
their athletes to better cope with greater entry velocities and
eccentric forces, utilizing, among other strategies, COD tech-
nique-oriented drills28,29 and eccentric-accentuated exercises.30,31

Conclusions
Linear sprint and change-of-direction (COD) velocities were not
correlated, but significant associations were found between the
former variable and COD deficit (CODD) in elite female rugby
sevens players. No relationship was found between sprint velocity
and deceleration deficit (DD), highlighting the independent nature
of linear sprint and deceleration capabilities. No meaningful re-
lationships were detected between sprint momentum, CODD, and
DD; conversely, CODD and DD were largely associated. A
comprehensive examination of multidirectional speed performance
should consider not only linear sprint and COD test velocities (or
times) but also specific COD-derived measurements such as the
CODD and DD.

Table 3 Correlation Coefficients (r) Among the Different Sprint- and COD-Derived Variables

VEL, m·s−1 Sprint momentum, kg·m·s−1
COD VEL,

m·s−1
CODD,

%10 m 15 m 30 m 40 m 10 m 15 m 30 m 40 m

COD VEL, m·s−1 .02 −.21 .06 .07 −.27 −.36 −.28 −.27

CODD, % .56* .78* .54* .54* .29 .39 .34 .36 −.77*

DD, s .12 .45 .11 .12 .30 .42 .33 .34 −.79* .79*

Abbreviations: COD, change of direction; CODD, COD deficit; DD, deceleration deficit; VEL, velocity.
*P < .05.
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