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Change of Direction Deficit: A Promising Method to Measure
a Change of Direction Ability in Adolescent Basketball Players
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The aims of this study were to determine the relationship between vertical jumping performance, linear speed,
change of direction speed (CODs) time and the COD deficit (CODD) in adolescent basketball players and to analyze
the CODD between faster and slower players based on linear speed performance. Thirty-eight male basketball players
(age: 15.47 + 0.51 years; body height: 185.19 + 5.67 cm; body mass: 71.87 + 7.29 kg) completed countermovement
jumps (CM]) with and without an arm swing, squat jumps (S]s), linear sprints at 20 m with split times at 5 and 10 m,
the pro—agility test and the zig-zag tests. Furthermore, the CODD was calculated as the difference between the 20 m
linear speed result and CODs time in both COD tests. Pearson and Spearman analyses were used to determine the
correlations between power-speed-related variables and the CODD. Moreover, independent t-tests and Cohen’s d effect
size (ES) were used to analyze the differences between the faster and slower players in the CODD. Moderate to strong
significant negative correlations were observed between the CODD in the pro-agility test and linear speed at 5 m, 10 m,
and 20 m (v = =0.55 to —0.46), while moderate negative significant correlation was found between the zig-zag CODD
and SJs (r = —0.37) as well as small positive significant correlation between the CODD in the zig—zag test and the
eccentric utilization ratio (EUR) (r = 0.23). Additionally, faster basketball players displayed significantly higher
CODD wvalues performing the pro-agility test. In summary, these findings underline the complexity of COD
performance and the importance of remodeling traditional training programs in basketball players.
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Introduction average, players are required to execute sudden
Basketball is a multifactorial game and accelerations and decelerations in combination
performance implies a large volume of high- with changes of direction (Mathew and Delextrat,
intensity movements followed by a short period 2009; Scanlan et al., 2011; Stojanovic et al., 2018).
of low-intensity activities (Stojanovic et al., 2018). The previously highlighted facts indicate that
More specifically, during a basketball match, COD speed (CODs) is one of the most important
around 991 m are covered when performing high- determinants of basketball success (Stojanovi¢ et
intensity  activities ~which include 50-60 al., 2019).
movements related to changing direction and CODs performance in basketball players
sprinting (Balditinas et al., 2006; Mclnnes et al., has been measured by numerous tests (Stojanovic
1995). Additionally, change of direction (COD) et al, 2019; Sugiyama et al, 2021). The limiting
movements contain 20.7% of sprint activity (Conte factor for adequately measuring CODs is the
et al, 2014), which means that every 1-3 s on duration of each test (Cuthbert et al., 2019;

Ignatjeva et al.,, 2021), where the performance is
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affected by anaerobic capacity and linear
sprinting speed rather than COD ability
(Nimphius et al., 2016). As a consequence, the
results obtained may not be valid and accurate
indicators of COD ability. In favor of this finding,
Nimphius et al. (2013) concluded that during the
505 test, only 31% of the time is explained by COD
movements. Subsequently, Sayers (2015) found
that COD is influenced by linear sprinting speed;
however, the correlation was weaker when COD
was measured 0.3 m and 0.5 m before and after
the turn compared to the distance of 1 m.

Taking into account the importance of
COD performance in basketball, over the years,
researchers (Delextrat et al., 2015; Scanlan et al.,
2014; Spiteri et al., 2014) have become increasingly
interested in determining the predictors that affect
this ability. However, most studies (Delextrat et
al., 2015; Garcia-Gil., 2018; Scanlan et al., 2014;
Spiteri et al, 2014) conclude that COD
performance depends on several factors. Spiteri et
al. (2014) highlighted the importance of eccentric
strength as a predictor of COD, while Scanlan et
al. (2014) observed that linear sprinting speed at 5,
10, and 20 m correlated with COD. Similarly,
Delextrat et al. (2015) found that 74.8% of variance
of COD was explained by linear sprinting speed
at 20 m in young female basketball players.
However, according to recent studies in soccer
(Loturco et al., 2018) and handball (Pereira et al.,
2018), it is known that athletes who achieve better
results in linear sprinting speed are less successful
in changing direction tasks. The possible
explanation was provided by Nimphius et al.
(2016) who explained that the less efficient results
in COD tests are a consequence of the higher
value of the COD deficit.

The COD deficit (CODD) is a relatively
new variable originally constructed by Nimphius
et al. (2013) that represents the value obtained by
subtracting time on linear sprinting time from the
adequate COD test. The importance of the CODD
was confirmed by Dos’Santos et al. (2019) who
showed that the CODD better in detected
interlimb asymmetries than the total time during
COD tests. Specifically, one study (Nimphius et
al., 2013) found that the CODD and 10-yard sprint
were not related, but there was a moderate
correlation (r = 0.61) between time in the pro-
agility test and the CODD time. Similarly,
Nimphius et al. (2016) found a strong correlation
between the CODD and the 505 test (r = 0.74-
0.81), but not between the CODD and 10-yard

sprinting cricket athletes. Based on the obtained
results, Nimphius et al. (2016) claimed that the
CODD is independent of linear sprinting speed.

In summary, the association between the
CODD and physical performance is still poorly
understood, and previous studies are limited with
small sample sizes, specific populations and
different tests involved. Moreover, due to the fact
that COD activities are very common during a
basketball game, with more than 450 lateral
maneuvers per game (Taylor et al., 2017), there is
a whisperer call for additional studies in
basketball. To date, little attention has been paid
to the CODD in basketball players and its
relationship with the most important physical
performance variables. Nonetheless, further
understanding of COD ability in team sport
athletes is of great importance for coaches to
design and monitor training programs. Therefore,
the aim of this study was twofold. The first was to
evaluate the relationship between linear speed,
vertical jumping performance, CODs time, and
the CODD in adolescent basketball players. The
second was to analyze the CODD between faster
and slower players according to the linear speed
test. It was hypothesized that a non-significant
relationship between linear speed and the CODD
would be observed. Moreover, we expected small
to moderate associations with COD performance
and that faster players would achieve higher
CODD values.

Methods
Participants

A total of 38 adolescent male basketball
players (age: 1547 + 0.51 years; body height:
185.19 + 5.67 cm; body mass: 71.87 = 7.29 kg)
volunteered to participate in the study. All
participants were members of various basketball
clubs competing in youth categories in the
Regional League of Serbia. Participants were free
of injuries and medical conditions that could
prevent them from safe participation in the study.
All participants were informed of the study
procedures and provided written parental consent
prior to participation. Procedures were conducted
with the requirements and approval of the Ethical
Committee Faculty of Economics in Subotica,
University of Novi Sad (ref. 14/1041; approval
date 15 May 2020).
Design and procedures

A cross-sectional design was used in this
study to examine the relationship between
selected variables and the calculated CODD.
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Anthropometric characteristics were measured at
9 a.m. under laboratory conditions, while physical
performance testing was performed from 10 a.m.
to 12 p.m. Each participant completed the testing
procedures on an indoor, hardwood basketball
court in randomized order. Before the testing
procedure, all participants were familiarized with
all tests and performed a standardized warm-up,
consisting of moderate-intensity jogging, COD
movements (5-10 min), and dynamic stretching (5
min). Participants were advised to avoid
strenuous physical activities 24 hours before
testing and not to consume potential stimulants
that could affect their physical performance
during testing.
Body composition
Anthropometric characteristics (body

height and body mass) were measured in minimal
clothing and barefoot. Body height was measured
with the use of a stadiometer (SECA Instruments
Ltd, Hamburg, Germany) with 01 cm
measurement accuracy. Body mass, body mass
index (BMI), body fat percentage (%), body fat
(kg), and lean muscle mass were analyzed using a
standardized InBody230 body composition
analyzer (InBody Co. Ltd, Cerritos, CA, USA)
(McLester, 2020). Body height and body mass
were used in further statistical analysis.
Vertical jump assessment

Three tests were used to examine the
vertical jump (V]) height: countermovement jump
(CMJ), countermovement jump with an arm
swing (CMJa), and a squat jump (SJ), which are
commonly used in the evaluation of the V] in
basketball players (Wen et al., 2018). Additionally,
the eccentric wutilization ratio (EUR) was
calculated as the ratio of the CMJ and the SJ (%).
The protocol used to evaluate the V] height as
well as reliability and validity was described
previously (Stojanovi¢ et al., 2019). Briefly, the
CMJ and the CMJa were measured from an
upright position, with equal weight distribution
on both feet. During the CM], arms were fixed on
hips in order to avoid their influence on jump
height, while when the CM]Ja was performed, the
hands were free to move. Participants then
descended to a semi-squat position (90-degree
flexion) and performed a maximum vertical jump
without stopping at the point of change of
direction. Participants performed the SJ from a
semi-squat position, with knees bent at 90 degrees
and with arms placed on their hips, to avoid
additional swings during the jump. Participants
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held this position for 1-3 s and then performed a
maximal vertical jump. Each participant was
instructed to jump naturally and as high as
possible performing all jumps with maximal
effort. Each jump was performed three times, and
the best result was taken for further analysis.
Intraclass correlation coefficients (ICCs) and
coefficients of variation (CV) showed excellent
reliability for vertical jump performance measures
(ICC range: 0.88-0.95; CV range: 1.71-2.20%). Th
Optojump  system  (Optojump, Microgate,
Bolzano, Italy) was used to estimate V] height; its
validity and reliability were confirmed previously
(Glatthorn et al., 2011).
Linear speed assessment

Linear speed was evaluated from a
standing position at 5 m, 10 m, and 20 m, in
accordance with previous instructions (Scanlan et
al., 2014). Performance was measured using the
Witty photocell system (Witty, System, Microgate,
Bolzano, Italy). Photocells were placed at a
distance of 5 m, 10 m, and 20 m from the starting
line, 0.4 m above the ground with accuracy of
0.001 m/s to minimize the effect of the hand swing
when passing through the gate (Yeadon et al,
1999). Participants were instructed to perform the
test through all gates with maximal effort. The
procedure was repeated three times, and the best
result was registered for further analysis. Test-
retest reliability values for the 5 m, 10 m and 20 m
sprint were excellent (ICC range: 0.92-0.96; CV
range: 1.3-1.6%)
COD assessment

COD performance was measured using
pro-agility and zig-zag tests. The pro-agility test
was performed according to the Lockie et al.s
(2011) protocol. Briefly, from a standing position,
each participant turned and started running as
fast as possible 4.57 m to the first line which had
to be touched with one hand, then ran 9.14 m to
the second line and touched the second line with
the other hand, then performed another turn, and
ran back to the starting/finishing line where the
time was automatically stopped. Participants
were returned to the starting position if they did
not touch the line with their hand, and when the
choice of hand was voluntary. The zig-zag test
procedures were in accordance with Villarreal et
al. (2021). When a participant was ready, he
started shuffling towards the right cone set at the
distance of 1.5 m and touched the base of the cone
with the right hand, then shuffled left and
touched the base of the cone with the left hand,
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continuing the same procedure on three more
cones. The time was stopped when the finishing
photocell was passed. Participants repeated both
tests three times and the best times were included
in further analysis. COD tests proved to be
reliable (ICC range: 0.84-0.91; CV range: 1.2-
2.41%). Both tests were measured with the Witty
photocells system (Witty, System, Microgate,
Bolzano, Italy). The CODD for both tests was
calculated according to the formula: the fastest
CODD time in the pro-agility/zig-zag test — 20 m
linear speed time.
Statistical analysis

Statistical analysis was performed sing the
IBM SPSS statistics program (version 26.0; Inc.,
Chicago, IL, USA). The normality of the data was
confirmed by the Kolmogorov-Smirnov test.
Pearson’s two-tailed correlations were used to
calculate relationships between vertical jump
performance (CM]J, CMJa, SJ, and EUR), linear
sprinting speed (5 m, 10 m, and 20 m), COD (zig-
zag and pro-agility test) variables, and the CODD
(zig-zag  deficit and pro-agility  deficit).
Correlation strength was interpreted as: r = 0 to
0.3, or 0 to —0.3, small; 0.31 to 0.49, or -0.31 to —
0.49, moderate; 0.5 to 0.69, or 0.5 to —-0.69, large;
0.7 t0 0.89, or -0.7 to —0.89, very large; and 0.9 to 1,
or 0.9 to -1, perfect correlation (Hopkins, 2004).
Data are presented as mean + standard deviation
(SD) and statistical significance was set at p < 0.05.
Furthermore, median split analysis was used to
divide players into two groups according to linear
speed time at 5, 10, and 20 m. Additionally, the
independent f-test was used to calculate
differences in the CODD between faster and
slower basketball players. The magnitude of
difference between faster and slower players in
the CODD was calculated with Cohen’s d effect
size (ES) analyses and interpreted according to
Cohen (2013) as: trivial < 0.20; small = 0.20-0.49;
moderate = 0.50-0.79; large > 0.80.

Results

Table 1 presents basic descriptive
statistics (mean * standard deviation) of vertical
jump performance (CM]J, CMJa SJ, and EUR),
linear speed (5 m, 10 m, and 20 m), CODs (pro-
agility test and zig-zag), and CODD (pro-agility
and zig-zag) variables with 95% confidence
intervals.

The results of Pearson's correlation for
normally distributed data and Spearman's
correlation for the CM]J and linear speed at 10 m
are presented in Table 2. Moreover, Figure 1 is a
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graphic summary of standardized mean
differences for comparisons between faster and
slower players regarding CODD values.

Significant moderate to strong negative
correlations were observed between CODD in the
pro-agility test and linear speed at 5 m (r=-0.48, p
=0.02), 10 m (r = -0.46, p = 0.01) and 20 m (r = -
0.55, p = 0.02), while significant, strong positive
correlation was obtained between the CODD and
the pro-agility test (r = 0.88, p = 0.01). Moreover,
non-significant, trivial correlations were found
between the CODD in the pro-agility test and the
CM] (r =-0.08, p = 0.62), CM]Ja (r = -0.07, p = 0.70),
SJ (r=-0.19, p = 0.24) and the zig-zag test (r = 0.05,
p = 0.78). On the contrary, moderate negative
statistically significant correlation was found only
between the zig-zag CODD and the SJ (r=-0.37, p
= 0.02), small positive significant correlation
between the EUR and the zig-zag CODD (r = 0.35,
p = 0.03) and positive, nearly perfect correlation
between the zig-zag CODD and the zig-zag test (r
= 0.88, p = 0.01). However, non-significant
correlations were obtained between the CODD in
the zig-zag test and linear sprinting speed
variables and the CM]J, the CMJa and the EUR.
More precisely, negative, trivial to small
correlations were found between the zig-zag
CODD and the CMJ (r = -0.015, p = 036), the CM]Ja
(r=-0.14, p = 0.40), linear speed at 10 m (r =-0.07,
p = 0.69), and at 20 m (r = 0.23, p = 0.17) and the
pro-agility test (r = 0.23, p = 0.17), while positive
but small correlation was found between the EUR
and the CODD in the pro-agility test (r =0.23, p =
0.17). In addition, moderate to large significant
differences were observed in the CODD in the
pro-agility test when comparing faster and slower
groups of participants (ES ranged from 0.58 to
1.21), while small to moderate non-significant
diffferences were found in the CODD in the zig-
zag test (ES ranged from 0.21 to 0.40) for the same
groups of participants.

Discussion

The aim of this study was to evaluate the
relationships between linear speed, vertical
jumping performance, CODs time, and the CODD
in adolescent basketball players. The main
findings of this study showed that a significant
negative relationship existed between the CODD
and linear speed when participants performed the
pro-agility test and between the CODD and the SJ
in the zig-zag test. Additionally, the CODD was
strongly positively correlated with both COD
tests. Moreover, after dividing players according

http://www.johk.pl
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to linear speed, the results provided convincing significantly =~ higher ~CODD  values while
evidence that faster basketball players produced performing the pro-agility test.

Table 1. Descriptive statistics with 95% CI

Variable Mean + SD 95% CI
Lower Upper
Age (y) 15.50 £ 0.51 15.33 15.67
Height (cm) 185.42 +5.74 181.48 187.36
Body mass (kg) 71.86 +7.29 69.39 74.33
CMJ (cm) 36.93 + 6.62 35.37 38.49
CM]Ja (cm) 41.26 +5.87 39.27 43.25
SJ (cm) 36.44 + 3.66 35.20 37.68
EUR 1.02+0.11 0.98 1.05
Sprint 5 m (m/s) 1.20 +£0.09 1.17 1.23
Sprint 10 m (m/s) 1.99+0.11 1.73 2.15
Sprint 20 m (m/s) 3.35+ 0.15 3.29 3.40
Pro-agility test (m/s) 554+ 0.23 5.47 5.62
Zig—zag test (m/s) 2.65+0.30 5.90 6.10
Pro-agility deficit (m/s) 2.20+0.27 2.11 2.29
Zig-zag deficit (m/s) 2.65+0.29 2.55 2.75

CM] — countermovement jump; CMJa — countermovement jump with an arm swing; SJ — squat jump;
EUR — eccentric utalization ratio; 95%CI — confidence interval (95%)

Table 2. Correlation coefficients between power-speed variables and the CODD

Variable Pro-agility deficit Zig-zag deficit

r 4 r P
CM]J (cm) -0.08 0.62 -0.15 0.32
CMJa (cm) -0.07 0.70 -0.14 0.40
SJ (cm) -0.19 0.24 -0.37 0.02
EUR 0.23 0.17 0.35 0.03
Sprint 5 (m/s) -0.48 0.02 -0.80 0.64
Sprint 10 (m/s) —-0.46 0.00 -0.07 -0.69
Sprint 20 (m/s) -0.55 0.00 -0.23 0.17
Pro-agility test (m/s) 0.84 0.00 0.23 0.16
Zig-zag test (m/s) 0.05 0.78 0.88 0.00

CM] — countermovement jump; CMJa — countermovement jump with an arm swing; SJ — squat jump; p-value —

significant correlation (p < 0.05); EUR — eccentric utilization ratio

© Editorial Committee of Journal of Human Kinetics
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Figure 1. Standardized mean differences for the comparisons between faster
and slower athletes in the linear speed at 5, 10, 20 m and the CODD

—— Pro-agility CODD 10m
——Zig-2ag CODD 10m
——Pro-aglity CODD 20m

Zig-zag CODD 20m

Faster players

Although CODs is an independent ability
(Arboix-Ali6 et al., 2021; Salaj and Markovi¢, 2011;
Young et al,, 2011;), it is strongly influenced by
linear speed, which can be a major problem for
coaches and sports experts in the sense that any
deficiency that exists when performing a COD
task, may be disguised (Sayers, 2016).
Nonetheless, the study carried out by Sayers
(2016) revealed that CODs should be measured at
shorter distances in order to avoid the influence of
linear speed. Consequently, due to the progress in
sports science and practice, and the fact that a
majority of clubs use timing gates which have
specific practical issues what may lead to
questionable accuracy of results over short
distances, sports experts are encouraged to use
traditional COD tests in combination with the
CODD to avoid the misinterpretation of the data
(Nimphius et al., 2016). However, the original
hypothesis that the CODD would not be related to
linear speed is partially accepted. More precisely,
the results of this study yielded only a significant
correlation between the CODD and linear speed
in the pro-agility test, but we failed to show
significant correlations between the CODD and
linear speed in the zig-zag test. A possible reason
for this discrepancy might be that although the
pro-agility test is used for evaluating COD ability,
it is strongly influenced by linear speed.
Essentially, when performing this test, it was
noticed that linear sprinting consisted of 18.3 m,
and the only changes in direction were turns of
180 degrees (Foster et al., 2021) with 29% of total
time spent in COD movements (Nimphius et al.,
2013), while the zig-zag test included mostly
multiple accelerations and decelerations over
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short distances (Loturco et al., 2017) without
linear sprinting maneuvers. Additionally, the
CODD was strongly correlated with both COD
tests, which means that the CODD has a tendency
to be a useful variable in the evaluation of isolated
COD ability. Previous studies (Cuthbert et al.,
2019; Nimphius et al., 2013, 2016) suggested that
the CODD as a variable can be used regardless of
linear speed during complex COD tasks.
However, from this standpoint, authors are not in
a position to make a parallel between the results
of this study and previously reported outcomes
due to the lack of CODD research in basketball
players, as well as the complexity of movements
during the game and variety of different tests
which would be more appropriate for isolating
and assessing COD ability in adolescent
basketball players. Notably, the pro-agility test
may not represent the real nature of movements
during basketball games, but some authors
(Stojanovi¢ et al., 2019; Sugiyama et al., 2021)
provided a battery of tests that would be more
relevant for assessing this multidirectional ability.

Moreover, we observed moderate
negative correlations between the CODD and the
SJ. These findings are less surprising if we
consider technique from a biomechanical aspect.
Namely, COD tasks are strongly affected by the
angle (Dos' Santos et al., 2018), which is reflected
in the different technique of movement
performance (Hawens and Sigward, 2015), and
different  acceleration and  re-acceleration
requirements (Hader et al., 2015; Hawens and
Sigward, 2015). Specifically, during the pro-agility
test, players perform 180-degree turns that are
similar to the backdoor situation (Stojanovic et al.,

http://www.johk.pl
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2019) and during the transition from defense to
offense. In order to successfully perform this
movement, it is necessary for the player to
descend to the half-jump position during the
deceleration phase, while the velocity decreases
rapidly by eccentric contraction (Sheppard and
Young, 2006; Spiteri et al., 2015). Furthermore, in
order to accelerate forward again in the shortest
possible period of time, it is necessary to apply
great force to the ground by the concentric phase
of contraction (Sheppard and Young, 2006; Spiteri
et al., 2015). In contrast, during the zig-zag test
due to the reduction of the angle of COD
movement (100 degrees), a more upright position
of the body is required, and thus the range of
motion required to perform the movement
decreases (Sasaki et al., 2011). Additional findings
of Spiteri et al. (2015), who used two tests in
female basketball players, support our findings. In
particular, the T test comprises 90 degrees COD
movements, which together with the zig-zag test
include less sharp maneuvers compared to the 505
test and the pro-agility test used in this study.
Furthermore, we found a small but
positive significant correlation between the EUR
and the CODD in the zig-zag test. According to
McGuigan et al. (2006), the EUR is one of the most
important performance indicators, since it defines
the reserve of elastic energy that exists during the
braking phase when performing the CM]J, which
is later used in the propulsive phase (Flanagan
and Comyns, 2008). In accordance with this
finding, it was observed that lower values of the
EUR in athletes indicate that in training processes,
they should pay greater attention to explosive
power-oriented exercises (Kozinc et al., 2021).
However, previous research (Van Hooren and
Zolotarjova, 2017) provides strong evidence that
higher EUR values do not actually represent
benefits for all athletes, especially considering
sports disciplines where jumping performance is
crucial (Kozinc et al,, 2021). The results of our
research are congruent with this approach, due to
the fact that higher EUR values determine the
higher CODD in the zig-zag test. A possible
explanation is that the CODD is negatively
correlated with the SJ. Also, a recent study
conducted by Kozinc et al. (2021) corroborates our
finding, suggesting that higher values of the EUR
actually represent inferior SJ results, due to poor
ability to develop power rapidly (Bobbert and
Casius, 2005), and higher muscle slackness (Van
Hooren and Bosch, 2006). It is still unclear
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whether the EUR variable should be used in the
evaluation of performance, due to very weak or
no correlations with the most important variables
related to performance, as well as its scarce use in
basketball players. However, considering that
basketball involves frequent dynamic movements
where the sufficiency to optimize the re-
utilization of elastic energy is an important and
favorable quality in basketball players (Wen et al.,
2018), this is the first study to examine the
relationship between the EUR and the CODD;
therefore, further research is required to clarify
the mechanisms of this relationship, especially
considering that it was not the primary aim of our
study.

Subsequently, players who were faster in
linear speed tests were less efficient in CODD
tasks with an emphasis on the higher CODD in
the pro-agility test. This finding is in line with
previous research in team sports where
participants were rugby (Freitas et al., 2019a,
2021), soccer (Freitas et al., 2019b; Loturco et al,,
2018) and handball players (Pereira et al., 2018).
More precisely, Loturco et al. (2108) on a sample
of 25 male soccer players, after dividing them into
groups of faster and slower players, found that
faster players had higher CODD values. In a
similar vein, Loturco et al. (2019) found that after
comparing the players’ acceleration rate, those
players who were able to accelerate faster
produced a greater CODD. These findings are
congruent with the work of Freitas et al. (2019a,
2019b), which indicated that faster and more
explosive soccer and rugby players were less
efficient in COD tasks. Furthermore, it can be
concluded that the transition from linear speed
into CODs is a common problem in team sports
(Freitas et al., 2019a). Taking into account the area
of investigation, some authors (Freitas et al., 2019,
2021; Loturco et al, 2018) openly questioned
whether the COD was trained in an adequate
way. Freitas et al. (2019a) found evidence that in
team sports training processes, attention was most
often paid to the development of linear speed and
actions related to linear speed, while the
significance of CODs was underestimated. For
that purpose, Loturco et al. (2018) underlined the
implementation of specific training programs,
where the focus would be on imitating situations
similar to those in real games. Also, it was noted
that training programs based on the development
of an eccentric type of strength (de Hoyo et al.,
2016; Dos’Santos et al., 2018; Jones et al., 2017)
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have a positive effect on reducing the CODD,
emphasizing that the athlete must apply
considerable forces to the ground in the shortest
period of time, both horizontally and vertically, in
order to continuously and efficiently perform the
accelerations and decelerations (Condello et al,,
2016; Dos' Santos et al, 2017, Hawens and
Sigward, 2015).

We acknowledge that our research had
some limitations. Firstly, our dataset was limited
to the number of participants and gender. Also,
the limiting factor was the sports level for
participants were semi-professional adolescent
basketball players. Therefore, these findings are
not generalizable to professional and female
basketball populations. Another limitation is the
number and the selection of tests. More precisely,
three groups of tests should be used to assess the
COD ability taking into account the variations
present during real games. For example, shuffling
is the most frequent and important COD
movement during defense, 180-degree turns are
used during the transition from defense to
offense, and cutting movements are most frequent
in offense (Sugiyama et al.,, 2021). Subsequently,
this study did not consider players according to
their position in the team. Finally, taking into
account the little number of scientific papers on
the CODD in basketball players, the discussion
could not be more developed. However, our
findings suggest a need for a greater interest in
COD evaluation, using the CODD with more

References

specific tests and in a larger number of
participants. Also, further investigations should
pay attention to previous specific training
programs and try to assess their effects on specific
COD ability in order to improve overall basketball
performance.

Conclusion and practical implications

In summary, the results of this study
indicate that some correlations exist between
linear speed, the explosive power of the lower
extremities, COD, and the CODD in adolescent
basketball players, but also that these correlations
strongly depend on the task and tests used.
However, with the exception of strong
correlations found between the CODD and COD,
other variables that have reached statistical
significance indicate a moderate correlation.
These findings highlight the complexity of this
ability and the presence of other factors that may
affect specific COD performance. Also, faster
basketball players produced a higher CODD,
which indicates the impossibility of using the
potential acquired in the linear speed test during
COD tasks. Thus, traditional training processes
may not be applicable to the development of COD
ability. This study provides data that encourage
basketball experts, coaches, and players to
remodel existing exercises to more task-specific,
based on eccentric training and basketball-
oriented drills.

Arboix-Alio, J., Bishop, C., Benet, A., Aguilera-Castells, J., & Fort-Vanmeerhaeghe, A. (2021). Assessing the
magnitude and direction of asymmetry in unilateral jump and change of direction speed tasks in
youth female team-sport athletes. Journal of Human Kinetics, 79(1), 15-27. https://doi.org/10.2478/hukin-
2021-0061

Balcitinas, M., Stonkus, S., Abrantes, C., & Sampaio, J. (2006). Long term effects of different training
modalities on power, speed, skill and anaerobic capacity in young male basketball players. Journal of
Sports Science & Medicine, 5(1), 163-170.

Bobbert, M. F., & Casius, L. ]. (2005). Is the effect of a countermovement on jump height due to active state
development?. Medicine and Science in Sports and Exercise, 37(3), 440-446.

https://doi.org/10.1249/01.MSS.0000155389.34538.97

Cohen, J. (2013). Statistical power analysis for the behavioral sciences. Routledge.

Condello, G., Kernozek, T. W., Tessitore, A., & Foster, C. (2016). Biomechanical analysis of a change—of-
direction task in college soccer players. International Journal of Sports Physiology and Performance, 11(1),
96-101. https://doi.org/10.1123/ijspp.2014-0458

Conte, D., Favero, T. G., Lupo, C., Francioni, F. M., Capranica, L., & Tessitore, A. (2015). Time-motion
analysis of Italian elite women's basketball games: individual and team analyses. Journal of Strength &
Conditioning Research, 29(1), 144-150. https://doi.org/10.1519/JSC.0000000000000633

Cuthbert, M., Thomas, C., Dos' Santos, T., & Jones, P. A. (2019). Application of change of direction deficit to

Journal of Human Kinetics - volume 85/2022 http://www.johk.pl




by Anja Lazic et al. 9

evaluate cutting ability. Journal of Strength &  Conditioning Research, 33(8), 2138-2144.
https://doi.org/10.1519/JSC.0000000000002346

de Hoyo, M., Sanudo, B., Carrasco, L., Mateo-Cortes, J., Dominguez—Cobo, S., Fernandes, O., ... & Gonzalo-
Skok, O. (2016). Effects of 10-week eccentric overload training on kinetic parameters during change of
direction in football players. Journal of Sports Sciences, 34(14), 1380-1387.
https://doi.org/10.1080/02640414.2016.1157624

de Villarreal, E. S., Molina, J. G., de Castro-Maqueda, G., & Gutiérrez-Manzanedo, J. V. (2021). Effects of
plyometric, strength and change of direction training on high-school basketball player’s physical
fitness. Journal of Human Kinetics, 78(1), 175-186. https://doi.org/10.2478/hukin—2021-0036

Delextrat, A., Grosgeorge, B., & Bieuzen, F. (2015). Determinants of performance in a new test of planned
agility for young elite basketball players. International Journal of Sports Physiology and
Performance, 10(2), 160-165. https://doi.org/10.1123/ijspp.2014-0097

Dos' Santos, T., Thomas, C., Jones, P. A., & Comfort, P. (2017). Mechanical determinants of faster change of
direction speed performance in male athletes. Journal of Strength & Conditioning Research, 31(3), 696—
705. https://doi.org/10.1519/]SC.0000000000001535

Dos' Santos, T., Thomas, C., Jones, P. A., & Comfort, P. (2019). Assessing asymmetries in change of direction
speed performance: Application of change of direction deficit. Journal of Strength & Conditioning
Research, 33(11), 2953-2961. https://doi.org/10.1519/JSC.0000000000002438

Dos’Santos, T., Thomas, C., Comfort, P., & Jones, P. A. (2018). The effect of angle and velocity on change of
direction biomechanics: An angle—velocity trade—off. Sports  Medicine, 48(10), = 2235-2253.
https://doi.org/10.1007/s40279-018-0968-3

Flanagan, E. P., & Comyns, T. M. (2008). The use of contact time and the reactive strength index to optimize
fast  stretch-shortening cycle training. Strength & Conditioning  Journal, 30(5),  32-38.
https://doi.org/10.1519/SSC.0b013e318187e25b

Forster, J. W., Uthoff, A. M., Rumpf, M. C., & Cronin, ]. B. (2021). Advancing the pro-agility test to provide
better change of direction speed diagnostics. Journal of Sport and Exercise Science, 5, 101-106.

Freitas, T. T., Alcaraz, P. E., Bishop, C., Calleja—Gonzalez, J., Arruda, A. F., Guerriero, A., ... & Loturco, L.
(2019a). Change of direction deficit in national team rugby union players: Is there an influence of
playing position?. Sports, 7(1), 2. https://doi.org/10.3390/sports7010002

Freitas, T. T., Alcaraz, P. E., Calleja-Gonzalez, J., Arruda, A. F., Guerriero, A., Kobal, R,, ... & Loturco, I.
(2021). Differences in change of direction speed and deficit between male and female national rugby
sevens  players. Journal of  Strength & Conditioning  Research, 35(11), 3170-3176.
https://doi.org/10.1519/JSC.0000000000003195

Freitas, T. T., Pereira, L. A., Alcaraz, P. E., Arruda, A. F., Guerriero, A., Azevedo, P. H., & Loturco, 1. (2019b).
Influence of strength and power capacity on change of direction speed and deficit in elite team-sport
athletes. Journal of Human Kinetics, 68(1), 167-176. https://doi.org/10.2478/hukin—-2019-0069

Garcia-Gil, M., Torres-Unda, J., Esain, 1., Dunabeitia, 1., Gil, S. M., Gil, J.,, & Irazusta, J. (2018).
Anthropometric parameters, age, and agility as performance predictors in elite female basketball
players. Journal of Strength & Conditioning Research, 32(6), 1723-1730.
https://doi.org/10.1519/JSC.0000000000002043

Glatthorn, J. F., Gouge, S., Nussbaumer, S., Stauffacher, S., Impellizzeri, F. M., & Maffiuletti, N. A. (2011).
Validity and reliability of Optojump photoelectric cells for estimating vertical jump height. Journal of
Strength & Conditioning Research, 25(2), 556-560. https://doi.org/10.1519/JSC.0b013e3181ccb18d

Hader, K., Mendez-Villanueva, A., Palazzi, D., Ahmaidi, S., & Buchheit, M. (2016). Metabolic power
requirement of change of direction speed in young soccer players: not all is what it seems. PloS
one, 11(3), €0149839. https://doi.org/10.1371/journal.pone.0149839

Havens, K. L., & Sigward, S. M. (2015). Whole body mechanics differ among running and cutting maneuvers
in skilled athletes. Gait & Posture, 42(3), 240-245. https://doi.org/10.1016/j.gaitpost.2014.07.022

Hopkins, W. G. (2004). How to interpret changes in an athletic performance test. Sportscience, 8, 1-7.

Ignatjeva, A., Nitychoruk, M., Terbalyan, A., Langer, A., Wacek, A., & Maszczyk, A. (2021). The effect of the
dynamics of external load changes in the aspect of the lower limit response time of the competitors of mixed
martial arts (MMA) taking into account weight categories and sport experience. Balt J Health Phys Activ, 13(2),
1-10. https://doi.org/10.29359/BJHPA.13.2.01

Jones, P. A., Thomas, C., Dos’Santos, T., McMahon, ]. J., & Graham-Smith, P. (2017). The role of eccentric

© Editorial Committee of Journal of Human Kinetics



10 Change of Direction Deficit

strength in 180 turns in female soccer players. Sports, 5(2), 42. https://doi.org/10.3390/sports5020042

Kozing, Z., Plega, J., & Sarabon, N. (2021). Questionable Utility of the Eccentric Utilization Ratio in Relation
to the Performance of Volleyball Players. International Journal of Environmental Research and Public
Health, 18(22), 11754. https://doi.org/10.3390/ijerph182211754

Kozine, Z., Zitnik, J., Smajla, D, & Sarabon, N. (2021). The difference between squat jump and
countermovement jump in 770 male and female participants from different sports. European Journal of
Sport Science, 1-9. https://doi.org/10.1080/17461391.2021.1936654

Lockie, R. G,, Jeffriess, M. D., Schultz, A. B., & Callaghan, S. J. (2012). Relationship between absolute and
relative power with linear and change—of-direction speed in junior American football players from
Australia. Journal of Australian Strength & Conditioning, 20(4), 4-12.

Loturco, I, A. Pereira, L., T. Freitas, T., E. Alcaraz, P., Zanetti, V., Bishop, C., & Jeffreys, 1. (2019). Maximum
acceleration performance of professional soccer players in linear sprints: Is there a direct connection
with change-of-direction ability?. PLoS One, 14(5), €0216806.
https://doi.org/10.1371/journal.pone.0216806

Loturco, I, Nimphius, S., Kobal, R., Bottino, A., Zanetti, V., Pereira, L. A., & Jeffreys, 1. (2018). Change—-of
direction deficit in elite young soccer players. German Journal of Exercise and Sport Research, 48(2), 228—
234.

Matthew, D., & Delextrat, A. (2009). Heart rate, blood lactate concentration, and time-motion analysis of
female basketball players during competition. Journal of Sports Sciences, 27(8), 813-821.
https://doi.org/10.1080/02640410902926420

McGuigan, M. R,, Doyle, T. L., Newton, M., Edwards, D. J., Nimphius, S., & Newton, R. U. (2006). Eccentric
utilization ratio: effect of sport and phase of training. Journal of Strength & Conditioning Research, 20(4),
992-995. https://doi.org/10.1519/R-19165.1.

Mclnnes, S. E., Carlson, J. S., Jones, C. J., & McKenna, M. J. (1995). The physiological load imposed on
basketball  players  during  competition. Journal ~ of  Sports  Sciences, 13(5), = 387-397.
https://doi.org/10.1080/02640419508732254

McLester, C. N., Nickerson, B. S., Kliszczewicz, B. M., & McLester, J. R. (2020). Reliability and agreement of
various InBody body composition analyzers as compared to dual-energy X-ray absorptiometry in
healthy men and women. Journal of Clinical Densitometry, 23(3), 443-450.
https://doi.org/10.1016/j.jocd.2018.10.008

McLester, C. N., Nickerson, B. S., Kliszczewicz, B. M., & McLester, J. R. (2020). Reliability and agreement of
various InBody body composition analyzers as compared to dual-energy X-ray absorptiometry in
healthy men and women. Journal of Clinical Densitometry, 23(3), 443-450.
https://doi.org/10.1016/j.jocd.2018.10.008

Nimphius, S., Callaghan, S. J., Spiteri, T., & Lockie, R. G. (2016). Change of direction deficit: A more isolated
measure of change of direction performance than total 505 time. Journal of Strength & Conditioning
Research, 30(11), 3024-3032. https://doi.org/10.1519/JSC.0000000000001421

Nimphius, S., Geib, G., Spiteri, T., & Carlisle, D. (2013). Change of direction” deficit measurement in
Division I American football players. Journal of Australian Strength & Conditioning, 21(S2), 115-7.

Pereira, L. A., Nimphius, S., Kobal, R., Kitamura, K., Turisco, L. A, Orsi, R. C,, ... & Loturco, I. (2018).
Relationship between change of direction, speed, and power in male and female National Olympic
team handball athletes. Journal of Strength &  Conditioning Research, 32(10), 2987-2994.
https://doi.org/10.1519/jsc.0000000000002494

Salaj, S., & Markovic, G. (2011). Specificity of jumping, sprinting, and quick change—of-direction motor
abilities. Journal of Strength & Conditioning Research, 25(5), 1249-1255.
https://doi.org/10.1519/]SC.0b013e3181da77df

Sasaki, S., Nagano, Y., Kaneko, S., Sakurai, T., & Fukubayashi, T. (2011). The relationship between
performance and trunk movement during change of direction. Journal of Sports Science &
Medicine, 10(1), 112-118.

Sayers, M. G. (2015). Influence of test distance on change of direction speed test results. Journal of Strength &
Conditioning Research, 29(9), 2412-2416. https://doi.org/10.1519/JSC.0000000000001045

Scanlan, A. T., Tucker, P. S., & Dalbo, V. J. (2014). A comparison of linear speed, closed—skill agility, and
open-skill agility qualities between backcourt and frontcourt adult semiprofessional male basketball

Journal of Human Kinetics - volume 85/2022 http://www.johk.pl




by Anja Lazic et al. 11

players. Journal of Strength & Conditioning Research, 28(5), 1319-1327.
https://doi.org/10.1519/JSC.0000000000000276

Scanlan, A., Dascombe, B., & Reaburn, P. (2011). A comparison of the activity demands of elite and sub—elite
Australian men's basketball competition. Journal of Sports  Sciences, 29(11),  1153-1160.
https://doi.org/10.1080/02640414.2011.582509

Scanlan, A., Humphries, B., Tucker, P. S., & Dalbo, V. (2014). The influence of physical and cognitive factors
on reactive agility performance in men basketball players. Journal of Sports Sciences, 32(4), 367-374.
https://doi.org/10.1080/02640414.2013.825730

Sheppard, J. M., & Young, W. B. (2006). Agility literature review: Classifications, training and testing. Journal
of Sports Sciences, 24(9), 919-932. https://doi.org/10.1080/02640410500457109

Spiteri, T., Newton, R. U., Binetti, M., Hart, N. H., Sheppard, J. M., & Nimphius, S. (2015). Mechanical
determinants of faster change of direction and agility performance in female basketball athletes.
Journal of Strength & Conditioning Research, 29(8), 2205-2214.
https://doi.org/10.1519/JSC.0000000000000876

Spiteri, T., Nimphius, S., Hart, N. H., Specos, C., Sheppard, J. M., & Newton, R. U. (2014). Contribution of
strength characteristics to change of direction and agility performance in female basketball
athletes. Journal of Strength & Conditioning Research, 28(9), 2415-2423.
https://doi.org/10.1519/JSC.0000000000000547

Stojanovic, E., Aksovic, N., Stojiljkovic, N., Stankovic, R., Scanlan, A. T., & Milanovic, Z. (2019). Reliability,
usefulness, and factorial validity of change-of-direction speed tests in adolescent basketball
players. Journal of Strength & Conditioning Research, 33(11), 3162-3173.
https://doi.org/10.1519/JSC.0000000000002666

Stojanovi¢, E., Stojiljkovié¢, N., Scanlan, A. T., Dalbo, V. ]J., Berkelmans, D. M., & Milanovi¢, Z. (2018). The
activity demands and physiological responses encountered during basketball match—play: a
systematic review. Sports Medicine, 48(1), 111-135. https://doi.org/10.1007/s40279-017-0794—z

Stojanovi¢, E., Stojiljkovi¢, N., Scanlan, A. T., Dalbo, V. J., Stankovi¢, R., Anti¢, V., & Milanovi¢, Z. (2019).
Acute caffeine supplementation promotes small to moderate improvements in performance tests
indicative of in-game success in professional female basketball players. Applied Physiology, Nutrition,
and Metabolism, 44(8), 849-856. https://doi.org/10.1139/apnm—-2018-0671

Sugiyama, T., Maeo, S., Kurihara, T., Kanehisa, H., & Isaka, T. (2021). Change of Direction Speed Tests in
Basketball Players: A Brief Review of Test Varieties and Recent Trends. Frontiers in Sports and Active
Living, 3, 95. https://doi.org/10.3389/fspor.2021.645350

Taylor, J. B., Wright, A. A., Dischiavi, S. L., Townsend, M. A., & Marmon, A. R. (2017). Activity demands
during multi-directional team sports: a systematic review. Sports Medicine, 47(12), 2533-2551.
https://doi.org/10.1007/s40279-017-0772-5

Van Hooren, B.,, & Bosch, F. (2016). Influence of muscle slack on high-intensity sport performance: A
review. Strength & Conditioning Journal, 38(5), 75-87. https://doi.org/10.1519/5SC.0000000000000251

Van Hooren, B., & Zolotarjova, ]. (2017). The difference between countermovement and squat jump
performances: a review of underlying mechanisms with practical applications. Journal of Strength &
Conditioning Research, 31(7), 2011-2020. https://doi.org/ 10.1519/JSC.0000000000001913

Wen, N., Dalbo, V. ]., Burgos, B., Pyne, D. B., & Scanlan, A. T. (2018). Power testing in basketball: Current
practice and future recommendations. Journal of Strength & Conditioning Research, 32(9), 2677-2691.
https://doi.org/10.1519/JSC.0000000000002459

Yeadon, M. R,, Kato, T., & Kerwin, D. G. (1999). Measuring running speed using photocells. Journal of Sports
Ssciences, 17(3), 249-257. https://doi.org/10.1080/026404199366154

Young, W. B., McDowell, M. H., & Scarlett, B. ]J. (2001). Specificity of sprint and agility training
methods. Journal of Strength & Conditioning Research, 15(3), 315-319. https://doi.org/10.1519/1533—
4287(2001)015%3C0315:s0saat%3E2.0.co;2

Corresponding author:

Nebojsa Trajkovi¢

University of Ni§, Faculty of Sport and Physical Education; Carnojevi¢eva 10a, 18000 Nis. tel: 00381
652070462; E-mail: nele_trajce@yahoo.com

© Editorial Committee of Journal of Human Kinetics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


