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Abstract

:

This study aimed to explore the relationship between change of direction deficit (CODD), change of direction total time (CODTT), and linear sprint time and to compare the differences between CODD and CODTT in assessing an athlete’s change of direction (COD) ability. Forty-four highly trained male young athletes underwent Y-shaped pre-planned agility, Pro-agility, and 30 m linear sprint tests. The results showed a moderate to highly significant correlation between CODTT and linear speed time at 0–5 m, 0–10 m, and 0–30 m (r = 0.5–0.8), while there was no statistically significant relationship between CODD and linear speed time at 0–5 m and 0–10 m (r = 0.0–0.3). CODD and CODTT were moderate to highly correlated (r = 0.4–0.8), with CODD for 180° COD showing a higher predictive value for CODTT compared to 45° COD (14–35% vs. 49–63%). Additionally, 13–22% of the participants showed opposing results for COD ability when comparing the standardized Z-score of Pro-agility 0–10 m CODTT and CODD. Pro-agility 0–10 m CODD also resulted in a higher asymmetry ratio (2% vs. 7%) and COD ability imbalances (0% vs. 38%) than Pro-agility 0–10 m CODTT. In conclusion, CODD may provide a more accurate assessment of an athlete’s COD ability than CODTT.
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1. Introduction


Change of direction (COD) is the skill of changing movement direction, velocity, or mode and is a crucial aspect of agility [1,2], significantly impacting athletic performance. A practical evaluation method based on the COD definition should measure the athlete’s ability to change direction, velocity, and movement pattern, namely “actual COD ability”. Measuring the center of mass velocity before and after the braking phase during deceleration and acceleration within a 1 m distance enables an accurate evaluation of the athlete’s actual COD ability [3]. However, due to test time and equipment limitations, previous studies have primarily relied on the COD total time (CODTT) to assess athletes’ COD ability in sports such as football, rugby, basketball, and tennis [3,4].



Multiple variables, such as energy metabolism, linear sprint, and actual COD ability, may influence CODTT. As the COD test time increases, the impact of the athlete’s anaerobic metabolism ability on the CODTT also increases [5]. Shorter CODTT tests, like Y-shaped pre-planned agility, 505 agility, and Pro-agility, are less affected by the above factors and are commonly used to assess 45° and 180° COD ability [6]. Moreover, numerous studies have reported a significant correlation between CODTT and sprint time at the same distance, particularly when measuring COD types involving a significant proportion of short sprint distance [7,8]. This correlation could introduce noteworthy measurement inaccuracies when assessing an athlete’s actual COD ability. As demonstrated in a previous study, rugby players allocated approximately 31% of the total time during the 505 agility test to execute actual COD maneuvers [9]. Furthermore, another investigation distinctly affirmed that, as opposed to the total time taken in the 505 agility test, the center of mass velocity of the athletes before and after braking at 0.3 m, 0.5 m, and 1 m weakly correlated with the 5 m and 10 m sprint speeds [7]. Hence, the evaluation results of COD ability based on the CODTT may not be congruent with the actual COD ability.



In 2013, a study introduced the COD deficit (CODD) concept as a convenient method to evaluate athletes’ actual COD ability, derived from the difference between the times of the same distance COD and sprint test [9]. Although the CODD has received attention and application from relevant scholars in recent years, the evidence that it can accurately reflect the actual COD ability still needs to be improved. Few studies have analyzed the correlation between CODTT, CODD, and sprint time for the same sample under different COD distances, angles, and types [5,9].



Research on the impact of CODTT and CODD on the assessment results of athletes’ COD ability is also scarce. Therefore, the aim of this study was twofold. The first was to evaluate the relationship between Y-shaped pre-planned agility, Pro-agility, and the 30 m sprint. The second was to compare the differences between CODTT and CODD in evaluating athletes’ COD ability. We hypothesized that there would be a trivial correlation between short sprints and CODD and that using CODD as the standard for assessing athletes’ COD ability would be more scientific.




2. Method


2.1. Participants


A total of 44 highly trained male adolescent athletes participated in the study (age = 16 ± 1 years, body height = 178 ± 7 cm, body mass = 69 ± 12 kg), including 12 rugby sevens players, 16 martial artists (sanda), and 16 boxers. All participants were members of the Shanghai provincial team in China and engaged in at least 6–10 specialized training sessions and 2–4 physical training sessions per week. The experimental sessions were conducted at the beginning of the pre-season. None of the participants reported lower limb injuries, such as anterior cruciate ligament tears. The participants did not receive high-intensity training within 24 h before the test. The study was conducted under the ethical principles of the Helsinki Declaration for Human Research and was approved by the Ethics Commission of the local university (No. 102772021RT010).




2.2. Design and Procedures


This is cross-sectional research. The participants were categorized into three groups based on their sports events. Rugby sevens athletes underwent testing on the first day, martial artists on the second day, and boxing athletes on the third day. The order of testing for athletes was arranged alphabetically by their last names. Participants sequentially participated in Y-shaped pre-planned agility, Pro-agility, and 30 m sprint tests from 1:00 p.m. to 5:00 p.m. on the test day. Before the testing, participants engaged in a standardized 20 min warm-up, including running exercises (6 min), dynamic stretching for the glutes, thigh, and calf muscles (3 min), bodyweight squats and lunge exercises (3 min), jumping exercises (3 min), and 20 m sprint and COD exercises (5 min). The researchers familiarized the participants with the details of each test to minimize learning effects, and the same test team conducted all tests. During testing, loud verbal encouragement and immediate test feedback were provided to the participants to optimize the test outcome.



2.2.1. Linear Speed Test


The 30 m sprint test used the photocell system (SmartSpeed, Fusion Sport, Queensland, Australia). Photocell gates were placed at the start, 5 m, 10 m, and 30 m, with a height and width of 1.2 m and 1.5 m, respectively, to record acceleration times from 0 to 5 m, 0 to 10 m, and 0 to 30 m. Before the start, players took a split-leg stance, standing 0.5 m behind the starting line, with no signal given. The formal test consisted of two valid trials with a 3 min interval. Researchers recorded the time for each distance to the nearest 0.01 s and used the mean of two tests for data analysis.




2.2.2. COD Test


The Y-shaped pre-planned agility [6] and Pro-agility tests [9] were conducted using the photocell system (SmartSpeed, Fusion Sport, Queensland, Australia) (Figure 1). The starting position for the Y-shaped pre-planned agility was the same as that for the 30 m test. Participants first clearly indicated the direction, then sprinted 5 m at the fastest speed, followed by sprinting 5 m in the left or right 45° direction. For the Pro-agility test, the photocell gates were placed equidistant from the centerline, 5 m away on both sides. The participant started in a half-squat, one-hand touch-ground stance, straddling the centerline and facing the photocell gates, and ran 5 m to reach the sideline while running in the same direction as the hand touching the ground. Upon touching the sideline, the participant turned 180° and sprinted 10 m, then turned 180° again and sprinted 5 m after touching the sideline with their hand. Before the test, the participants practiced 50% and 70% of the maximum intensity. They then performed two valid tests in the left and right directions, respectively, with a 3 min interval between tests. The researchers accurately recorded the time of each distance at 0.01 s and used the average of the two valid test scores for data analysis. Pro-agility requires the athlete’s high deceleration, braking, COD, and acceleration abilities [9]. This study further analyzed the impact of the CODTT and CODD indicators based on Pro-agility from 0–10 m on evaluating an athlete’s COD ability on both sides. Defining the kicking leg during a shot as the dominant (DOM) side and the supporting leg as the non-dominant (Not-DOM) side [2].





2.3. Data Processing


The CODD of Y-shaped pre-planned agility and Pro-agility 0–10 m was obtained by calculating the difference between the CODTT and the 0–10 m sprint time. The CODD of the Pro-agility was obtained by dividing the difference between the CODTT and the 10–30 m sprint time, i.e., CODD (s) = CODTT (s) − sprint time (s). Z-scores are calculated as (individual test scores − team average test scores)/standard deviations of the team test score [10,11]. A negative Z-score indicates that the athlete’s COD ability is better than the team average. In contrast, a positive Z-score suggests that the athlete’s COD ability is lower than the team average. The asymmetry index was used to measure the symmetry of the athlete’s COD ability between the DOM and Not-DOM sides. The asymmetry index is calculated as [(DOM − Not-DOM)/DOM] × 100% [12]. An asymmetry index of 0% indicates complete symmetry between the two sides; an index of 0–10% indicates relative symmetry ability between the two sides; and an index greater than 10% indicates an asymmetry between the two sides of COD ability [13].




2.4. Statistical Analysis


Statistical analysis was performed using the IBM SPSS statistics version 26.0 (SPSSInc., Chicago, IL, USA). All data were represented by the mean ± standard deviation (M ± SD). The normality of the data was confirmed using the Shapiro–Wilk test. The correlation between the left and right CODTT, CODD, and linear sprint time was analyzed by the Pearson correlation coefficient and the coefficient of determination (R2 × 100%). The correlation coefficient (r) was classified as small (0.10–0.29), moderate (0.30–0.49), large (0.50–0.69), very large (0.70–0.89), and perfect correlation (0.90–1.00) [14]. A paired sample t-test was used to compare the COD ability of players between the DOM and Not-DOM sides. Cohen’s d effect size (ES) was calculated and interpreted as small (0.2–0.49), moderate (0.5–0.79), and large (≥0.8). Descriptive statistics were used to analyze the impact of Pro-agility 0–10 m CODTT and CODD on assessing an athlete’s COD ability. The significance level was set at p < 0.05.





3. Results


Table 1 shows that the CODD in the Pro-agility 0–10 m test was higher than the Y-shaped pre-planned agility test when controlling for the same running distance and number of cuts, indicating that CODD increases with cut angle. Additionally, when comparing similar running types and angles, the CODD in the Pro-agility test was higher than in the Pro-agility 0–10 m test, suggesting that CODD increases with the number of cuts.



Table 2 shows a moderate to highly significant correlation between CODTT in the Y-shaped pre-planned agility test on both left and right sides and sprint times at 0–5 m, 0–10 m, and 0–30 m. The CODD on both sides is mildly to moderately correlated with the 30 m sprint times. The CODD and CODTT in Y-shaped pre-planned agility had a significantly moderate to large correlation, with CODD explaining 14–35% of the CODTT variable.



Table 3 presents the Pro-agility 0–10 m CODTT on both the left and right sides, which were moderately to highly positively correlated with the 0–5 m, 0–10 m, and 0–30 m sprint times. The CODD on both sides during the Pro-agility 0–10 m slightly correlated with the 0–5 m, 0–10 m, and 0–30 m sprint times. There was a very high positive correlation between the Pro-agility 0–10 m CODD and CODTT, with the CODD explaining 63% of the CODTT variable.



Table 4 shows that the Pro-agility CODTT on both the left and right sides was positively correlated with the 0–5 m, 0–10 m, and 0–30 m sprint times. The CODD of Pro-agility on both sides weakly correlated with 30 m sprint time. The CODD of Pro-agility was positively correlated with the CODTT, with the CODD explaining 49–52% of the CODTT variable.



A comparison of the CODD Z-score and CODTT Z-score of the left side of the Pro-agility 0–10 m revealed that among the 44 participants, 12 participants (numbered 6, 8, 17, 19, 23, 30, 32, 34, 37, 38, 39, and 41) showed opposite classification results for their COD ability (Figure 2A,B). The Z-score changed from positive (slower than the average level of the team) to negative (faster than the average level of the group) and vice versa, with a ratio of 27%. In comparing the COD ability of the right side, 6 out of 44 participants (numbered 4, 6, 14, 20, 30, and 39) showed different classifications, with a ratio of 13%.



Table 5 indicates no significant differences in COD ability between the left and right sides when using CODTT and CODD as measurement indices. However, the asymmetry index was lower on the left than on the right. Additionally, all participants had a relatively balanced COD ability when using CODTT as a measurement index (Figure 3). Twelve participants (numbered 2, 3, 4, 10, 13, 15, 16, 21, 22, 29, 31, and 42) had an asymmetry in COD abilities, as indicated by an asymmetry index of ≥10% based on CODD, which represented 27% of the 44 participants.




4. Discussion


One of the aims of this study was to analyze the correlation between CODTT, CODD, and sprint time. We observed significant correlations between CODTT of Y-shaped pre-planned agility, Pro-agility 0–10 m, and Pro-agility and sprint times at 0–5 m, 0–10 m, and 0–30 m, consistent with some previous findings. For instance, a study involving 25 high school American football players revealed a significant relationship between total time in the 505 agility test and sprint times at 5 yards, 10 yards, and 40 yards [15]. Another study, which included 36 male university students participating in team sports, detected a significant correlation between CODTT in the context of the 90° COD test and the 505 agility test and sprint times at 5 m, 10 m, and 20 m distances [10]. The previously highlighted facts indicate that CODTT is commonly affected by short sprint times. A primary reason for this phenomenon may be that the COD and sprint tests involve similar acceleration movement patterns and running distances. In this study, Y-shaped pre-planned agility, Pro-agility 0–10 m, involved two 5 m sprints, while Pro-agility covered two 5 m sprints and one 10 m sprint. Similar to the 30 m sprint, athletes must adopt a running strategy of quick steps and short strides in the acceleration phase to achieve the desired speed in the shortest time. However, a study investigated the center of mass velocity using three motion-capture techniques at distances of 0.3 m and 0.5 m following deceleration in rugby players [7]. They found that the center of mass velocity was not significantly correlated with 5 m and 10 m sprint speeds. Thus, we can infer that the CODTT may not accurately reflect an athlete’s COD ability.



As researchers increasingly recognize the importance of accurately measuring COD ability, more and more scholars have challenged the validity of the CODTT. The investigation of the CODD began in 2013, suggesting that the CODD might reflect the actual COD ability [9]. Previous studies have shown that there is a significant correlation between the CODD and the CODTT in the 505 agility test [11], the Pro-agility test [9], the L-shaped COD test [10], and the Zigzag test [16]. This study showed a significant correlation between the CODTT and the CODD in the Y-shaped pre-planned agility, the Pro-agility 0–10 m, and the Pro-agility, further confirming previous findings. Additionally, the results show that the CODD in the Y-shaped pre-planned agility, Pro-agility 0–10 m, and Pro-agility tests only had small to moderate correlations with the 0–5 m, 0–10 m, and 0–30 m sprint times, which is similar to previous research findings. Studies have confirmed that the correlation between the CODD in Pro-agility 0–10 m and the 10 m sprint time [9], the CODD in the 505 agility test and the sprint times at 10 m and 30 m [5], and the CODD in the L-shaped COD test and the sprint times at 5 m, 10 m, and 20 m [10] have no statistical differences. Reducing the possible influence of the short sprint time on the CODD might be possible because the CODD is obtained by subtracting the sprint time from the CODTT over the same distance. Therefore, the CODD is an essential component of the CODTT, and the CODD and the short sprint time are two independent variables.



Furthermore, we found that compared to the Y-shaped pre-planned agility, the CODD of the Pro-agility 0–10 m test was more significant, and its prediction degree of CODTT variables was higher. The reason may be the different cut angles requiring different COD abilities. From a sports biomechanics perspective, the deceleration amplitude of an athlete before the braking stage is proportional to the cut angle [17], resulting in an increased ground contact time of the cut action with an increase in the cut angle. As the ground contact time in a 180° COD is greater than that of a 45° COD [17], the proportion of actual COD time in the CODTT in the 180° COD is higher, resulting in the higher predictability of the CODTT variables of the Pro-agility 0–10 m test. It can be inferred that the relationship between the CODD and the COD angle is almost consistent with the relationship between the ground contact time of the cut action and the cut angle. From the above analysis, the CODTT mainly consists of the actual COD action and a short sprint time. Using the CODTT as a basis for evaluating the athlete’s actual COD ability may not be appropriate. As an essential component of the CODTT, the CODD is independent of the straight sprint time variable and is related to the ground contact time of the cut action. Hence, it can be inferred that CODD might accurately reflect an athlete’s actual COD ability, suggesting that employing CODD as an indicator for assessing an athlete’s actual COD ability could represent a more scientifically rigorous evaluation approach.



Assessing athletes’ COD ability is the prerequisite for mastering their COD ability characteristics and devising tailored training plans. Identifying the strengths and weaknesses of athletes’ COD abilities is a vital test goal. A comparison of the standardized Z-score of CODTT and CODD revealed differences of 22% and 13% in the classification of athletes’ COD ability on the left and right sides, meaning that the Z-score changed from positive to negative or negative to positive. These findings align with previous research [5,10,11]. A plausible explanation for these variations may include substantial short sprint distances within the COD tests, allowing athletes to capitalize on their proficiency in straight sprints to minimize CODTT. However, their actual COD ability still needs improvement. This need for improvement was confirmed in a study that divided 49 professional male rugby players into fast and slow groups based on their 0–5 m sprint times, showing that the fast-group athletes achieved significantly better results in the Zigzag test than the slow group [18]. Another study compared the Zigzag ability and 20 m sprint ability among rugby athletes spanning different age groups, including U15, U17, U20, and adults [19]. The findings revealed that CODTT and 20 m sprint time increased with age across all age categories. In contrast, CODD exhibited an inverse trend, declining as athletes advanced in age. The low efficiency of actual COD actions might be due to a lack of targeted COD training, leading to the athletes’ inability to improve their deceleration, braking, and re-acceleration abilities [2]. Hence, relying on the CODTT for evaluating an athlete’s COD performance could result in incorrect judgments.



The asymmetry of an athlete’s COD ability on both sides can serve as a valuable reference for predicting the risk of sports-related injuries, monitoring post-injury recovery progress, and developing targeted training regimens to enhance COD performance. A previous study demonstrated that the asymmetry index based on CODD in the 505 agility test was higher than CODTT, and the proportion of COD ability asymmetry based on CODD was significantly higher than CODTT [11]. This study is similar to the above findings, with the asymmetry index and the proportion of COD ability asymmetry based on the CODD being higher than the CODTT. This phenomenon may be due to the differences between the CODTT and CODD in reflecting actual COD ability [11], as confirmed by previous empirical research. Moreover, a study that involved implementing the 505 agility test on a female athlete with a history of a 2-year-old ACL injury on her right leg revealed that the difference in left and right leg COD ability based on CODTT and CODD was only 0.1. However, CODTT’s asymmetry index was much lower than CODD [20]. The above study, combined with video analysis technology, indicated that the 0.1 s mainly came from the actual difference in left and right leg COD ability. Consequently, existing research suggests that, compared to CODD, quantifying the asymmetry index of an athlete based on CODTT may underestimate the asymmetry of an athlete’s COD ability on both sides. In conclusion, there is a significant difference between CODTT and CODD in evaluating the superiority and asymmetry of an athlete’s COD ability. Based on the CODTT, it is possible to conceal the expected problems found through COD tests. Such concealment could lead to a misjudgment of an athlete’s COD ability and significantly impact the following COD training program. Therefore, using the CODD to evaluate an athlete’s COD ability is necessary.




5. Conclusions


Short sprints and CODD can influence the CODTT, reducing its validity in evaluating athletes’ actual COD ability. However, the CODD minimizes the impact of sprint speed and can reflect actual COD ability more accurately. Moreover, using the CODTT and CODD as metrics for evaluating athletes’ COD ability and asymmetry may result in different categorization outcomes. Furthermore, relying solely on the CODTT might undervalue the proportion of COD bilateral asymmetry in athletes, potentially hindering the identification of the actual COD weakness. Therefore, using CODD for evaluating athletes’ COD ability may be more objective and have a more excellent reference value than the CODTT. In future practical applications and scientific research, the CODD should be considered a basis for evaluating athletes’ COD ability.
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Figure 1. Example of a Pro-agility test (right) and a Y-shaped pre-planned agility test (left). 
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Figure 2. (A,B) The difference between Z-scores for CODTT and CODD in Pro-agility 0–10 m left and right side. 
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Figure 3. The bilateral asymmetry index of Pro-agility 0–10 m CODTT and CODD. Dotted line: The asymmetry index is 10%. 
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Table 1. Descriptive for change of direction and linear sprint test results with 95% CI.
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Test

	
Variable

	
Result (s)

	
95%CI




	
Lower (s)

	
Upper (s)






	
Pro-agility

0–10 m

	
CODTT-left

	
2.70 ± 0.13

	
2.42

	
3.05




	
CODD-left

	
0.95 ± 0.11

	
0.71

	
1.21




	

	
CODTT-right

	
2.70 ± 0.13

	
2.41

	
3.02




	

	
CODD-right

	
0.96 ± 0.10

	
0.75

	
1.18




	
Pro-agility

	
CODTT-left

	
5.22 ± 0.22

	
4.75

	
5.68




	

	
CODD-left

	
2.62 ± 0.21

	
2.19

	
3.12




	

	
CODTT-right

	
5.23 ± 0.21

	
4.79

	
5.69




	

	
CODD-right

	
2.63 ± 0.20

	
2.29

	
3.03




	
Y pre-planned agility

	
CODTT-left

	
1.83 ± 0.10

	
1.67

	
2.14




	

	
CODD-left

	
0.08 ± 0.08

	
0.05

	
0.29




	

	
CODTT-right

	
1.83 ± 0.08

	
1.66

	
2.04




	

	
CODD-right

	
0.09 ± 0.05

	
0.04

	
0.27




	
30 m sprint

	
0–5 m

	
1.00 ± 0.05

	
0.89

	
1.15




	

	
0–10 m

	
1.74 ± 0.08

	
1.61

	
1.94




	

	
0–30 m

	
4.34 ± 0.23

	
3.90

	
4.91











 





Table 2. Correlation coefficients between Y-shaped pre-planned agility and 30 m sprint performance.






Table 2. Correlation coefficients between Y-shaped pre-planned agility and 30 m sprint performance.





	

	
Variable

	
Y CODTT

	
Y CODD




	
r

	
R2

	
p

	
r

	
R2

	
p






	
Left

	
0–5 m

	
0.65

	
43

	
<0.01

	
−0.14

	
2

	
0.37




	
0–10 m

	
0.65

	
42

	
<0.01

	
−0.23

	
5

	
0.13




	
0–30 m

	
0.49

	
24

	
<0.01

	
−0.32

	
10

	
0.03




	
CODTT

	
1.00

	
/

	
/

	
0.59

	
35

	
<0.01




	
Right

	
0–5 m

	
0.76

	
57

	
<0.01

	
−0.19

	
4

	
0.20




	
0–10 m

	
0.78

	
61

	
<0.01

	
−0.28

	
8

	
0.06




	
0–30 m

	
0.64

	
40

	
<0.01

	
−0.34

	
12

	
0.02




	
CODTT

	
1.00

	
/

	
/

	
0.38

	
15

	
0.01








Y: Y-shaped pre-planned agility; CODTT: change of direction total time; CODD: change of direction deficit.













 





Table 3. Correlation coefficients between Pro-agility 0–10 m and 30 m sprint performance.






Table 3. Correlation coefficients between Pro-agility 0–10 m and 30 m sprint performance.





	
Direction

	
Variable

	
Pro-Agility 0–10 m CODTT

	
Pro-Agility 0–10 m CODD




	
r

	
R2

	
p

	
r

	
R2

	
p






	
Left

	
0–5 m

	
0.61

	
37

	
<0.01

	
0.06

	
0

	
0.69




	
0–10 m

	
0.56

	
32

	
<0.01

	
−0.05

	
0

	
0.73




	
0–30 m

	
0.42

	
17

	
0.01

	
−0.15

	
2

	
0.34




	
CODTT

	
1.00

	
/

	
/

	
0.79

	
63

	
<0.01




	
Right

	
0–5 m

	
0.65

	
43

	
<0.01

	
0.12

	
2

	
0.42




	
0–10 m

	
0.60

	
38

	
<0.01

	
0.01

	
0

	
0.95




	
0–30 m

	
0.47

	
22

	
<0.01

	
−0.08

	
1

	
0.57




	
CODTT

	
1.00

	
/

	
/

	
0.79

	
63

	
<0.01








CODTT: change 