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Abstract: Objectives: This review aimed to clarify the associations between COD performance and
asymmetries on horizontal jumping, vertical jumping, and strength. Methods: Three databases,
including PubMed, Web of Science, and MEDLINE(EBSCOhost) were used to perform a systematic
literature search. The search was up to 13 March 2022 and was limited to the literature in the
English language and on the human species. Studies included reported exact measurement tools and
correlation coefficients and studies in which participants aged >14 years were included. Moreover,
studies that were not peer-reviewed and those that did not report an asymmetry index were excluded,
as were studies for which the full text was not available. The modified Downs and Black Quality
Index tool was used to evaluate the quality of the studies. Results: The systematic literature identified
1151 studies, but only 12 studies were included in this review. A total of 354 participants, ranging
from 15 to 23 years of age, were recruited for these studies. The methodological quality score ranged
from 6 to 8, with an average of 7.25. The associations between COD performance and vertical jump
height, horizontal jump distance, and lower-limb strength asymmetries were examined in 11, 5,
and 2 studies, respectively. Six studies reported that vertical jump height asymmetries scores can
significantly reduce COD performance, while significant associations between COD performance
and horizontal jump distance asymmetries and strength asymmetries were only observed in one
study each. Specifically, four studies explored the relationships between CMJ height asymmetries
scores and COD performance, and all reported significant associations between them. The main
limitations of this review were that it did not consider the sports in which the participants were
involved. Conclusions: This study suggests that drop jump height and eccentric knee strength
asymmetries can reduce COD performance. Moreover, low horizontal jump asymmetries may not
influence COD performance. Further research needs to determine whether the minimal threshold of
horizontal jump asymmetries would not affect COD performance.

Keywords: horizontal jump; vertical jump; lateral jump; agility; imbalance

1. Introduction

A lack of balance between limbs or muscle groups is referred to as inter-limb asymme-
try [1,2]. In various sports, inter-limb asymmetry is prevalent because many movements
must be executed unilaterally. Football players, for example, preferred to do hard and inten-
sive motions such as kicking, cutting, and jumping with their dominant lower limb [3–7].
A previous study has proved that inter-limb asymmetries are the results of competing in
a single sport over time [8]. Lower-limb strength asymmetries can be assessed using the
back squat [9], isometric squat [10,11], and isokinetic knee extension [12,13]. Jumping tests,
including the single-leg countermovement jump (CMJ) and drop jump (DJ) can be used
to assess functional asymmetries [14]. Given the prevalence of inter-limb asymmetry, the
threshold of asymmetry must be established. Massive studies have suggested that 10–15%

Symmetry 2022, 14, 2177. https://doi.org/10.3390/sym14102177 https://www.mdpi.com/journal/symmetry

https://doi.org/10.3390/sym14102177
https://doi.org/10.3390/sym14102177
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com
https://orcid.org/0000-0003-4100-8765
https://orcid.org/0000-0001-6241-5277
https://doi.org/10.3390/sym14102177
https://www.mdpi.com/journal/symmetry
https://www.mdpi.com/article/10.3390/sym14102177?type=check_update&version=2


Symmetry 2022, 14, 2177 2 of 18

asymmetry is utilized to identify abnormal differences between limbs [8,15–18]. Moreover,
a 10% asymmetry has been suggested as a goal for athletes returning to sport [17,18].

Change of direction (COD) is an action for which no immediate response to a stimulus
is necessary, and thus the direction change is preplanned [19,20]. COD speed forms the
physical foundation for agility as it incorporates the mechanics associated with agility per-
formance (i.e., the deceleration, directional change, and acceleration) [21,22] while allowing
for progression from lower joint loading received in the preplanned movements before
training the higher joint loadings that must be handled during agility. The capability of
COD is critical to the success of multidirectional sports [21,22]. The COD performance
was commonly measured using the COD time and COD-Deficit (COD-D), and both are
valid and reliable. For elite male soccer athletes, they need to perform <90◦, 90◦–180◦,
>180◦ COD up to 600, 90, and 20 times, respectively, during a single game [19]. Recently,
considerable attention has been put on inter-limb asymmetry and its associations with
athletic performance. High lower-limb asymmetry can result in reductions in athletic
performance, such as sprint [23] and COD [23]. Bishop et al. [23] reported no significant
differences in CMJ height asymmetry in three varied age groups, but the authors concluded
that there are significant associations between CMJ height asymmetries and 505 perfor-
mance. This finding was in line with the study conducted by Madruga-Parera et al. [24], the
authors reported that lateral jump (LJ) distance asymmetry scores significantly associate
with reduced dominant-leg COD performance and V-cut performance. Similarly, for the
national level youth basketball athletes, there were significant associations between DJ
height asymmetries and COD speed [25]. These findings proved that greater inter-limb
asymmetries may be detrimental to COD performance.

However, there are conflicting findings regarding the associations between asymmetry
scores and COD performance. Dos’ Santos et al. [26] have reported that force-time char-
acteristics of isometric mid-thigh pull (IMTP) cannot influence modified 505 (mod 505)
performance in collegiate athletes. In the study conducted by Dos’ Santos et al. [26] the mea-
surement tool involved the isometric strength test, which can impact its associations with
interlimb asymmetries. Bishop et al. [27] explored how inter-limb asymmetries affected
COD performance in soccer and cricket players and found that inter-limb asymmetries were
not significantly associated with reductions in football players’ COD performance, whereas
the opposite result was observed in elite cricketers. The factors of movement patterns in the
asymmetry tests can partly explain these findings as the authors reported [27]. Similarly,
massive studies also reported no significant associations between COD performance and
inter-limb asymmetries scores [28,29].

Several factors can be used to explain these conflicting findings, and the movement
nature of the measurement tools may be the major reason. Specifically, the measurement
tools for assessing interlimb asymmetry can be classified into jumping tests and muscle
strength tests. According to the direction, jumping tests included horizontal jumping and
vertical jumping tests, which reflected horizontal power and vertical power abilities, respec-
tively. For example, DJ height asymmetry revealed the differences in vertical power output
asymmetry, while standing long jump (SLJ) distance asymmetry demonstrated horizontal
power output asymmetry. However, a larger horizontal power output asymmetry does
not mean that there would be a larger vertical power output asymmetry because there are
differences between them, such as force direction, technique, and so on. Moreover, there
are notable differences between maximal strength and power output. Therefore, these
conflicting findings need to be further analysis and more clearly understanding the exact
correlations between strength/power (horizontal and vertical power) asymmetries scores
and COD performance can provide useful information to practitioners.

All in all, it is necessary to systematically synthesize the existing evidence regarding
the associations between lower-limb asymmetry and COD performance. Thus, this review
aimed to clarify the associations between COD performance and horizontal jumping
asymmetries, vertical jumping asymmetries, and strength asymmetries. We hypothesized
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that COD performance would be significantly associated with horizontal jump distance
and vertical jump height asymmetry scores but not with lower-limb strength asymmetries.

2. Methods

In this systematic review, the authors implemented the recommendations of the
Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) Statement
guidelines [30].

2.1. Systematic Literature Search

We conducted systematic literature in PubMed, Web of Science, and Medline (EBSCO-
host) up to 13 March 2022. We searched terms as follows: (“asymmetry” OR “imbalance”
OR “dissymmetry” OR “side-to-side difference” OR “side difference” OR “lateral differ-
ence”) AND (“agility” OR “agility performance” OR “agility time” OR “change of direction”
OR “COD”) AND (“association” OR “correlation” OR “relationship”). Moreover, the litera-
ture search was limited to studies in the English language and on the human species. The
reference lists of included relevant articles were screened for additional compatible studies.

2.2. Selection Criteria/Study Eligibility

Studies included in this systematic review should meet the following criteria: (1) data
for correlation coefficients between lower-limb asymmetry and COD performance were
reported; (2) lower-limb asymmetries were assessed using strength (isometric and isokinetic
tests) and jump tests (vertical jump tests and horizontal jump tests); (3) data and tools of
COD performance (e.g., 5-0-5) were reported; (4) subjects were at least 14 years old. Studies
were excluded if they were (1) non-peer-reviewed studies or (2) the calculation formula of
the asymmetry index was not reported.

The titles and abstracts of identified studies were screened by two authors (L and
S) independently, and the irrelevant studies were removed. Ultimately, the full text of
potential studies was screened to choose eligible studies. When there were disagreements
on the inclusion of a study, Z was contacted.

2.3. Data Extraction

The characteristics of studies were extracted into an Excel sheet. The variables of
studies included: (a) sample size; (b) subject characteristics: age, gender, and training
status; (c) measurement tools, calculation formula, and asymmetry scores of inter-limb
asymmetry; (d) test methods and data of COD; (e) correlation coefficients. Data from
included studies were extracted by L and checked by S. Any disagreement regarding study
eligibility was resolved in a discussion. Any full-text articles were excluded, with reasons,
and recorded. All records were stored in the datasheet.

2.4. Quality Assessment

The methodological quality in this systematic review was evaluated using a modified
version of the Downs and Black Quality Index tool, which was created to assess the major
core methodological characteristics of research [31–33]. The 10 items of the assessment
checklist were selected in this study, and the remaining 3 items were removed since they
were not relevant and applicable to this study. Each item is rated using a 1 or 0, with a total
score out of 10,with higher scores reflecting a better quality.

3. Results
3.1. Study Identification and Selection

Our initial search identified 1151 studies. After the removal of 103 duplications,
the remaining 1048 studies were excluded based on titles and abstracts. The full-text
evaluation was conducted on 45 studies, and 10 studies met the inclusion criteria. Moreover,
2 additional studies were selected via the reference lists. A total of 12 studies were included
in this review. The process of studies identification is provided in Figure 1.
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Figure 1. Flowchart.

3.2. Study Quality

The methodological quality of the studies included in this review is presented in
Table 1. The quality scores ranged from 6 to 8, with an average of 7.25. This indicates
that there is no internal validity bias. All studies included in this review exceeded the
pre-determined cut-off value; thus, no studies were removed due to quality.

Table 1. Quality assessment of studies.

Study 1 2 3 4 5 6 7 8 9 10 Total Score

Dos’ Santos. [26] 1 1 1 1 0 0 ? 1 1 1 7
Bishop et al. [23] 1 1 1 1 0 0 ? 1 1 1 7

Coratella et al. [34] 1 1 1 1 0 1 ? 1 1 1 8
Maloney et al. [28] 1 1 1 1 0 1 ? 1 1 1 8
Bishop et al. [27] 1 1 1 1 1 0 ? 1 1 1 8

Madruga-Parera et al. [35] 1 1 1 1 0 0 ? 1 1 1 7
Madruga-Parera et al. [24] 1 1 1 1 0 0 ? 1 1 1 7
Fort-Vanmeerhaeghe. [29] 1 1 1 1 0 0 ? 1 1 1 7
Madruga-Parera et al. [36] 1 1 1 1 0 0 ? 1 1 1 7

Lockie et al. [37] 1 1 1 1 0 1 ? 1 1 1 8
Bishop et al. [38] 1 1 1 0 0 0 ? 1 1 1 6
Bishop et al. [25] 1 1 1 1 0 0 ? 1 1 1 7

1. The objectives of the study were clearly reported; 2.The main outcomes to be assessed were clearly reported;
3. The characteristics of the participants were clearly reported; 4. The main findings were clearly reported;
5. The estimates of the random variability in the data for the main outcomes were clearly reported; 6. The actual
probability values were clearly reported; 7. The participants represent the entire population; 8. Clarity regarding
any of the results of the study based on ‘data dredging,’; 9. The statistical tests were appropriate; 10. The main
outcome measure was accurate. 1—The item was clearly reported, 0—the item was not clearly reported, ?—unable
to determine.
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3.3. Study Characteristics

A total of 354 participants were recruited for these studies, with an average sample
size of 29.5. The age of participants ranged from 15 to 23. The participants were soccer
players [23,26,27,34,38], handball players [36], basketball players [24,25,29], cricket play-
ers [26,27], rugby players [26], tennis players [35], and healthy males [28]. The details of
the study characteristics are presented in Table 2.

3.4. Inter-Limb Asymmetries and COD Tests

The evaluation tools of inter-limb asymmetries were limited to jumping and strength
tests in this review. Of the 12 studies included in this review, vertical jump, horizontal
jump, and strength asymmetries were assessed in 10 [23–25,27–29,35–38], 5 [24,29,35–37],
and 2 studies [26,34], respectively. The vertical jump measurement tools in these stud-
ies involved single-leg CMJ [23–25,27,29,35–38] and DJ [25,27,28,38]. Horizontal jump
tests involved SLJ [24,29,35–37] and single-leg LJ [24,29,35–37]. Strength tests included
isometric [26] and isokinetic assessments [34].

The COD performance was assessed using the total time of the COD tasks and
COD-D. All studies included in this review reported COD time, while only one study
reported COD-D [38]. Moreover, the change of direction of a 180◦ turn was performed in
11 studies [23–27,29,34–38], the task of 90◦ turn was completed in 2 studies [28,36], and one
study assessed V-cut [24].

3.5. Associations between Asymmetry and COD

Regarding strength asymmetry, it is hard for us to draw an accurate result due to
conflict results. Dos’ Santos et al. [26] examined the associations between force-time char-
acteristics asymmetries from isometric mid-thigh pull (IMTP) and COD performance and
found that greater strength asymmetries cannot reduce the COD performance. However,
moderate and large relationships between asymmetry scores from both quadriceps and
hamstrings eccentric fast-velocity peak force and COD performance were observed in the
study conducted by Coratella et al. [34].

Out of the ten studies included in this review examined the jump asymme-
tries [23–25,27–29,35–38], six demonstrated that jump asymmetries were significantly
correlated with COD time [23–25,27,28,38].

Specifically, regarding vertical jump height asymmetries, there was strong evidence
that drop jump height asymmetry scores were significantly correlated with reduced COD
performance. Out of the four studies assessed DJ height asymmetries, all reported that
they were significantly correlated with COD performance [25,27,28,38]. However, the
study conducted by Bishop et al. [27] found that DJ height asymmetries were significantly
correlated with 505 scores in cricket players, not in soccer players. Moreover, only one of
nine studies found significant relationships between COD performance and CMJ height
asymmetry scores [23]. Other studies also found that vertical jump height asymmetries
cannot reduce dominant and non-dominant 505 performance [23,25,27,37], 90◦ COD [36],
180◦ COD [29,35,36], and COD-D [38].

Regarding horizontal jump distance asymmetries, there were no significant associ-
ations between COD performance and SLJ distance asymmetries [24,29,35,36]. For LJ
asymmetry, the asymmetry scores did not associate with COD performance. A study
conducted by Madruga-Parera et al. [24] demonstrated significant relationships between
asymmetries on LJ distance and V-cut performance, but there was no significant relationship
between LJ distance asymmetries and non-dominant side COD performance. Moreover, the
other four studies reported that its asymmetries cannot affect COD performance [29,35–37].
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Table 2. The characteristics of included studies.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Dos’ Santos. [26]

N = 20

Male,
Teamsport players (soccer,

rugby and cricket)

Age: yr
21 ± 1.9

Height: m
1.77 ± 0.04
Mass: kg
78.7 ± 8.9

Isometric mid-thigh pull test:

Relative peak force: N/kg
D: 35.3 ± 4.6

ND: 33.2 ± 4.25

Impulse during 200 ms: N×s
D: 279.8 ± 34.2
ND: 251.3 ± 4.9

Impulse during 300 ms: N×s
D: 497.7 ± 60.7

ND: 431.6 ± 79.4

ASI = (D-ND)/D ×
100

Relative peak force ASI: 6.6

Impulse during 200 ms ASI: 12.2

Impulse during 300 ms ASI: 12.9

Modified 505 test: s

D: 2.69 ± 0.14
ND: 2.79 ± 0.14

ASI: −4.46

Modified 505 ASI
VS relative peak force ASI:

r = −0.03, p = 1.000

VS Impulse during 200 ms ASI:
r = −0.11, p = 1.000

VS Impulse during 300 ms ASI:
r = −0.25, p = 0.380

Bishop et al. [23]

N = 51

Male,
Soccer players

Under 23,
N = 21,

Height: cm 180.2 ± 6.5,
Mass: kg 76.9 ± 8.5

Under 18,
N = 14,

Height: cm 181.6 ± 8.6,
Mass: kg 76.4 ± 7.4

Under 16,
N =16,

Height: cm 174.8 ± 11.1,
Mass: kg 66.1 ± 11.0

CMJ:cm

Under 23:
Left:

24.88 ± 3.18
Right:

24.31 ± 2.83

Under 18
Left:

24.08 ± 3.25
Right:

24.07 ± 2.54

Under-16 Left: cm
22.30 ± 3.71 Right: cm

21.80 ± 3.97

ASI = 100/(maximum value) ×
(minimum value) × −1 +100

505: s

Under 23
Left:

2.46 ± 0.06
Right:

2.46 ± 0.08

Under 18
Left:

2.50 ± 0.07
Right: s

2.49 ± 0.08

Under 16:
Left:

2.48 ± 0.08
Right:

2.51 ± 0.07

Under 23 CMJ ASI VS 505 Left:
r = 0.61, p < 0.01

CMJ ASI VS 505 Right: r = 0.71,
p < 0.01

Under 18
CMJ ASI VS 505 Left: r = 0.13,

p > 0.05

CMJ ASI VS 505 Right: r = 0.15,
p > 0.05

Under 16
CMJ ASI VS 505 Left: r = 0.63,

p < 0.01

CMJ ASI VS 505 Right: r = 0.85,
p < 0.01
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Coratella et al. [34]

N = 27

Male, Elite soccer players

Age: yr 18–21 Height: m
1.81 ± 0.05

Mass: kg 73.7 ± 7.0

Isokinetic peak force:
N×m/kg

Strong side:
low-velocity quadriceps:

con: 3.46 ± 0.38
ecc: 4.12 ± 0.63

low-velocity hamstring:
con: 1.95 ± 0.25
ecc: 2.42 ± 0.43

high-velocity quadriceps:
con: 1.77 ± 0.18
ecc: 3.59 ± 0.57

high-velocity hamstring:
con: 1.06 ± 0.22
ecc: 2.26 ± 0.44

Weak side:
low-velocity quadriceps:

con: 3.14 ± 0.35
ecc: 3.71 ± 0.73

low-velocity hamstring:
con: 1.75 ± 0.23
ecc: 2.17 ± 0.49

high-velocity quadriceps:
con: 1.63 ± 0.16
ecc: 3.46 ± 0.64

high-velocity hamstring:
con: 1.05 ± 0.22
ecc: 2.19 ± 0.46

ASI = (strong side − eak
side)/strong side × 100

quadriceps con peak force ASI:
low-velocity:

9.0 ± 6.5
high-velocity:

7.8 ± 5.0

quadriceps ecc peak force ASI:
low-velocity:

9.7 ± 7.5
high-velocity:

9.0 ± 7.3

hamstring con peak force ASI:
low-velocity:

9.6 ± 6.6
high-velocity:

10.7 ± 6.0

hamstring ecc peak force ASI:
low-velocity:

10.5 ± 8.2
high-velocity:

11.7 ± 9.4

20 m shuttle: s
7.56 ± 0.29

T-test: s
8.73 ± 0.49

20 m shuttle VS quadriceps con
peak force ASI:
low-velocity:

r = 0.123, p = 0.371
high-velocity:

r = 0.120, p = 0.317

20 m shuttle VS quadriceps ecc
peak force ASI:
low-velocity:

r = 0.426, p = 0.038
high-velocity:

r = 0.404, p = 0.041

T-test VS quadriceps con peak
force ASI:

low-velocity:
r = 0.284, p = 0.178

high-velocity:
r = 0.301, p = 0.105

T-test VS quadriceps ecc peak
force ASI:

low-velocity:
r = 0.259, p = 0.311

high-velocity:
r = 0.433, p = 0.031

20 m shuttle VS hamstrings con
peak force ASI: low-velocity:

r = 0.126, p = 0.325
high-velocity:

r = 0.066, p = 0.603
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

20 m shuttle VS hamstrings ecc
peak force:

low-velocity:
r = 0.251, p = 0.299

high-velocity:
r = 0.416, p = 0.037

T-test VS quadriceps con peak
force ASI: low-velocity:

r = 0.190, p = 0.354
high-velocity:

r = 0.614, p < 0.001

T-test VS quadriceps
ecc peak force:
low-velocity:

r = 0.394, p = 0.041
high-velocity:

r = 0.397, p = 0.040

Maloney et al. [28]

N = 18

Male,
Healthy men

Age: yr
22 ± 4

Height: m
1.80 ± 0.08
Mass: kg

81.7 ± 14.9

DJ: m

Fast group:
0.12 ± 0.05
Slow group:
0.11 ± 0.03

ASI = (Left-Right)/average
(Left-Right) × 100

DJ ASI:
fast group: 2.4 ± 3.9

slow group: 7.2 ± 3.8

Double 90◦ cuts: s
Fast group:
5.18 ± 0.18

Slow group:
5.64 ± 0.14

Double 90◦ cuts VS DJ ASI

r = 0.598, p = 0.009



Symmetry 2022, 14, 2177 9 of 18

Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Bishop et al. [27]

N = 41

Soccer players, N = 18
Age: yr

23.00 ± 4.27
Height: m
1.82 ± 0.06
Mass: kg

78.72 ± 7.76

Cricket players,
N = 23
Age: yr

20.57 ± 1.73
Height: m
1.83 ± 0.08
Mass: kg

80.23 ± 9.91

CMJ: m
Soccer players:

Left: 0.18 ± 0.04
Right: 0.18 ± 0.04

Cricket players:
Left: 0.19 ± 0.03

Right: 0.18 ± 0.03

DJ: cm
Soccer players:

Left: 22.39 ± 4.02
Right: 22.82 ± 3.83

Cricket players:
Left: 18.47 ± 4.45

Right: 18.48 ± 4.06

ASI = 100/(maximum value) ×
(minimum value) × −1 +100

CMJ ASI:
Soccer players:

11.14
Cricket players:

9.57

DJ ASI:
Soccer players:

6.51
Cricket players:

11.49

505: s

Soccer players:
Left:

2.27 ± 0.07
Right:

2.26 ± 0.06

Cricket players:
Left:

2.21 ± 0.10
Right:

2.22 ± 0.12

Soccer players:

CMJ ASI VS 505
Left:

r = −0.23, p > 0.05
Right:

r = 0.14, p > 0.05

DJ ASI VS 505
Left:

r = 0.39, p > 0.05
Right:

r = 0.29, p > 0.05
Cricket players:

CMJ ASI VS 505
Left:

r = 0.03, p > 0.05
Right:

r = 0.07, p > 0.05

DJ ASI VS 505
Left:

r = 0.56, p < 0.05
Right:

r = 0.59, p < 0.05
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Madruga-Parera et al.
[35]

N = 22;

Boys: N = 10, Girls: N = 12,
Elite tennis players

Age: yr
16.3 ± 1.4
Height: m
1.73 ± 0.1
Mass: kg
62.6 ± 9.7

CMJ: cm
D: 14.66 ± 3.48

ND: 12.43 ± 3.06
SLJ: cm

D: 160.83 ± 25.84 ND: 153.92
± 23.38

LJ: cm
D: 150.16 ± 22.98

ND: 140.09 ± 21.99

ASI = (D-ND)/D × 100

CMJ ASI:
15.03 ± 6.91

SLJ ASI:
4.14 ± 3.72

LJ ASI:
6.63 ± 5.30

2-time 180◦ COD: s

D: 5.19 ± 0.22
ND: 5.29 ± 0.27

CMJ ASI VS 2-time 180◦ COD
D:

r = 0.01, p > 0.05
ND:

r = 0.05, p > 0.05

SLJ ASI VS 2-time 180◦ COD
D:

r = 0.02, p > 0.05
ND:

r = 0.02, p > 0.05

LJ ASI VS 2-time 180◦ COD:
D:

r = 0.07, p > 0.05
ND:

r = 0.06, p > 0.05

Madruga-Parera et al.
[24]

N = 42

Male, Handball players

Age: yr
16.0 ± 1.3

Height: cm 174.1 ± 7.3
Mass: kg

70.5 ± 13.3

CMJ: cm
D: 15.7 ± 3.6

Nd: 13.9 ± 3.6

LJ: cm
D: 140.7 ± 20.5

ND: 129.2 ± 21.5

SLJ: cm
D: 143.2 ± 25.3

ND: 134.0 ± 24.3

ASI = 100/(maximum value) ×
(minimum value) × −1 +100

CMJ ASI:
11.2 ± 8.4

LJ ASI:
8.3 ± 7.5

SLJ ASI:
6.4 ± 4.6

COD speed: s
D: 5.3 ± 0.5

ND: 5.4 ± 0.5

V-cut test: s
7.3 ± 0.6

COD speed:
D VS CMJ ASI:

r = 0.09, p > 0.05
D VS LJ ASI:

r = 0.31, p < 0.05
D VS SLJ ASI:

r = 0.03, p > 0.05
ND VS CMJ ASI:
r = 0.11, p > 0.05
ND VS LJ ASI:

r = 0.29, p > 0.05
ND VS SLJ ASI:
r = 0.01, p > 0.05

V-cut test: VS CMJ ASI:
r = 0.07, p > 0.05

VS LJ ASI:
r = 0.32, p < 0.05

VS SLJ ASI:
r < 0.01, p > 0.05
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Fort-Vanmeerhaeghe.
[29]

N = 29

Female,
Elite basketball players

Age: yr
15.66 ± 1.34
Height: m
1.82 ± 0.07
Mass: kg

69.69 ± 10.18

CMJ: m
D: 0.16 ± 0.03

ND: 0.13 ± 0.02

SLJ: m
D: 1.61 ± 0.11

ND: 1.55 ± 0.11

LJ: m
D: 1.50 ± 0.09

ND: 1.45 ± 0.09

ASI = (D − ND) / ND ×100

CMJ ASI:
14.11 ± 8.62

SLJ ASI:
3.86 ± 2.49

LJ ASI:
3.33 ± 2.49

180◦ COD: s
D: 2.81 ± 0.16

ND: 2.85 ± 0.16 s

180◦ COD VS CMJ ASI:
r = 0.036, p > 0.05

180◦ COD VS SLJ ASI:
r = 0.194, p > 0.05

180◦ COD VS LJ ASI:
r = −0.096, p > 0.05

Madruga-Parera et al.
[36]

N = 26

Male, Handball players,

Age: yr
16.2 ± 0.9
Height: m
1.76 ± 0.60
Mass: kg

78.2 ± 12.4

CMJ: cm
D: 19.05 ± 6 3.78
ND: 17.39 ± 3.65

SLJ: cm
D:168.77 ± 24.12
ND:162.58 ± 23.5

LJ: cm
D: 150.32 ± 22.86

ND:141.10 ± 20.76

ASI= 100 / (maximum value) ×
(minimum value) × −1 +100

CMJ ASI:
8.76 ± 4.80

SLJ ASI:
3.66 ± 2.55

LJ ASI:
5.97 ± 5.05

90◦ COD speed: s
D: 4.41 ± 0.29

ND: 4.57 ± 0.28

90◦ COD-D: s
D: 1.28 ± 0.18

ND:1.44 ± 0.20

180◦ COD speed: s
D: 4.91 ± 0.27

ND: 5.02 ± 0.31

180◦ COD-D: s
D: 1.78 ± 0.14

ND: 1.88 ± 0.18

CMJ ASI VS 90◦ COD speed
D: r = −0.06, p > 0.05

ND:r = −0.16, p > 0.05

LJ ASI VS 90◦ COD speed
D: r = 0.21, p > 0.05

ND: r = 0.29, p > 0.05

SLJ ASI VS 90◦ COD speed
D: r = 0.16, p > 0.05

ND: r = 0.21, p > 0.05

CMJ ASI VS 180◦ COD speed
D: r = 0.18, p > 0.05

ND: r = 0.21, p > 0.05

LJ ASI VS 180◦ COD speed
D: r = 0.28, p > 0.05

ND: r = 0.39, p > 0.05

SLJ ASI VS 180◦ COD speed
D: r = 0.28, p > 0.05

ND: r = 0.17, p > 0.05
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Lockie et al. [37]

N = 30

Male,
Team-sport athletes

Age: yr
22.60 ± 3.86

Height: m 1.80 ± 0.07
Mass: kg

79.03 ± 12.26

CMJ: m
Left: 0.39 ± 0.08

Right: 0.40 ± 0.07

SLJ: m
Left: 2.05 ± 0.19

Right: 2.03 ± 0.17

LJ: m
Left: 1.86 ± 0.19

Right: 1.82 ± 0.21

ASI:
CMJ ASI:

10.4 ± 10.8

SLJ ASI:
3.3 ± 3.0

LJ ASI:
5.1 ± 3.9

505: s
Left:

2.398 ± 0.093
Right:

2.397 ± 0.110

T-test: s
Left:

6.281 ± 0.082
Right:

6.285 ± 0.368

CMJ ASI vs 505:
Left:

r = 0.073, p = 0.701
Right:

r = 0.083, p = 0.664

CMJ ASI VS T-test
Left:

r = 0.124, p = 0.514
Right:

r = 0.061, p = 0.747

SLJ ASI VS 505
Left:

r = 0.027, p = 0.889
Right:

r = 0.036, p = 0.849

SLJ ASI VS T-test
Left:

r = 0.060, p = 0.755
Right:

r = 0.000, p = 0.999

LJ ASI VS 505
Left:

r = 0.189, p = 0.316
Right:

r = 0.176, p = 0.352

LJ ASI VS T-test
Left:

r = 0.029, p = 0.878
Right:

r = −0.081, p = 0.672
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Bishop et al. [38]

N = 18

Male,
Elite academy soccer players

Age: yr
19.0 ± 2.2
Height: m
1.80 ± 0.07
Mass: kg
73.3 ± 9.0

CMJ: m
Left:

Preseason: 0.17 ± 0.04
Midseason: 0.15 ± 0.03
Endseason: 0.17 ± 0.03

Right:
Preseason: 0.17 ± 0.03
Midseason: 0.15 ± 0.02
Endseason: 0.17 ± 0.02

DJ: cm
Left:

Preseason:
21.0 ± 4.0

Midseason:
20.5 ± 5.0

Endseason:
21.5 ± 5.3

Right:
Preseason:
21.0 ± 4.4

Midseason:
20.6 ± 4.3

Endseason:
21.4 ± 3.8

ASI = 100 / (maximum value) ×
(minimum value) × −1+100

CMJ ASI:
High group:

Preseason: 17.97 ± 9.06
Midseason: 12.88 ± 7.72

Endseason: 14.64 ± 4.80 Low
group:

Preseason: 4.40 ± 3.03
Midseason: 4.33 ± 1.79
Endseason: 3.22 ± 1.62

DJ ASI:
High group:

Preseason: 13.20 ± 6.31
Midseason: 16.24 ± 8.91

Endseason: 16.22 ± 8.54 Low
group:

Preseason: 3.65 ± 1.34
Midseason: 4.02 ± 3.80
Endseason: 3.77 ± 2.49

505: s
Left:

Preseason: 2.34 ± 0.12
Midseason: 2.30 ± 0.11
Endseason: 2.23 ± 0.08

Right:
Preseason: 2.32 ± 0.12
Midseason: 2.30 ± 0.12
Endseason: 2.23 ± 0.10

COD-D: s
Left:

Preseason: 0.57 ± 0.12
Midseason: 0.53 ± 0.12
Endseason: 0.45 ± 0.14

Right:
Preseason:
0.56 ± 0.11
Midseason:
0.53 ± 0.12
Endseason:
0.45 ± 0.11

DJ ASI vs 505 Right: r = 0.65,
p = 0.003
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Table 2. Cont.

Study Participants Asymmetry Tests ASI COD Tests Correlations

Bishop et al. [25]

N = 30

National level youth
basketball athletes

Age: yr
17.67 ± 1.32
Height: m
1.81 ± 0.10
Mass: kg

73.33 ± 13.34

CMJ: cm
Session 1

Left:
13.67 ± 5.40

Right:
14.15 ± 5.30

Session 2
Left:

13.72 ± 5.87
Right:

13.34 ± 4.74

DJ: cm
Session 1

Left:
11.61 ± 6.02

Right:
12.10 ± 5.86

Session 2:
Left:

10.98 ± 5.69
Right:

11.34 ± 5.66

ASI = 100/(maximum value) ×
(minimum value) × −1+100

CMJ ASI:
Session 1:

10.64 ± 8.56
Session 2:

10.93 ± 9.17

DJ ASI:
Session 1:

14.28 ± 10.28
Session 2:

11.07 ± 9.44

505: s

Session1
Left: 2.85 ± 0.24

Right: 2.80 ± 0.23
505 test ASI: 3.27 ± 2.66

Session 2
Left: 2.86 ± 0.25

Right: 2.84 ± 0.25
505 ASI: 2.60 ± 1.79

CMJ ASI VS 505
Left:

r = 0.25, p > 0.05
Right:

r = 0.34, p > 0.05

DJ ASI VS 505
Left:

r = 0.45, p < 0.05
Right:

r = 0.48, p < 0.05

N: number; yr: year; D: dominant leg; ND: non-dominant leg; con: concentric; ecc: eccentric; CMJ: countermovement jump; DJ: drop jump; SLJ: standing long jump; LJ: lateral jump;
ASI: symmetries index; COD: change-of-direction; COD-D: change of direction-deficit; m: meter; kg: kilogram; cm: centimeter; N: Newton; s: second; ms: millisecond; VS: associated
with; r: correlation coefficients; p: p-value.
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4. Discussion

In this systematic review, we investigated the associations between inter-limb asym-
metries and change of direction performance. Twelve studies and a total of 354 participants
were included in this study. This study found that COD performance was significantly cor-
related with DJ height asymmetry scores, not with CMJ height asymmetry scores. In other
words, larger DJ height asymmetry can significantly reduce COD performance. However,
no significant relationships were observed between COD performance and horizontal jump
distance asymmetries. Moreover, there was weak evidence that eccentric knee strength
asymmetries may reduce COD performance.

Vertical jump asymmetry reflected vertical power asymmetry. Specifically, DJ height
asymmetry can be used to assess reactive strength asymmetry. The primary finding of this
review was that COD performance was significantly correlated with DJ height asymmetry
scores, but not with CMJ height asymmetries. This result can be explained by several
reasons. First, the small CMJ height asymmetries may compromise the magnitude of
associations with COD performance. The study conducted by Bishop et al. [25] found
that DJ asymmetry scores (11.07 ± 9.44 to 14.28 ± 10.28) were larger than CMJ asymmetry
scores (10.64 ± 8.56 to 10.93 ± 9.17) in youth basketball players. The authors also reported
that 505 performance was significant correlated with DJ asymmetry scores (r: 0.45 and
0.48, p < 0.05), but not with CMJ height asymmetry scores [25]. Moreover, the DJ task
has more similar mechanisms to the COD task than the CMJ. In other words, most of the
factors that determine the success of COD and DJ performance are the same. Both tasks
involve braking phase and propulsive phase [39,40], and this specific phase is called the
stretch and shortening cycle (SSC), which requires stronger eccentric strength and reactive
strength [41–43]. A meta-analysis explored the associations between reactive strength and
athletic performance, the authors reported that the reactive strength index significantly
correlated with COD speed [33]. Notable, when performing CMJ tasks, the impact force of
eccentric phase was smaller than that in the DJ and COD tasks, which means that COD and
DJ tasks require greater demand of eccentric strength than CMJ. Therefore, it is plausible to
assume that COD performance would be comprised when one side is hard to highly apply
reactive and eccentric strength during a DJ or COD task.

Horizontal jump distance asymmetry mainly reflected horizontal power asymmetry.
No significant associations were observed between horizontal jump distance asymmetry
scores and COD performance in this review. This finding demonstrated that horizontal
power asymmetries cannot affect COD performance. Previous studies supported this
finding [28], the study conducted by Maloney et al. [28] reported that jump distance
asymmetry did not negatively influence COD performance during single- and triple-hop
tests. This result can be partially explained by the small magnitude of horizontal jump
distance asymmetries score. Massive studies reported that vertical jump height asymmetry
scores are greater than horizontal jump distance asymmetries scores [24,37]. For male
recreational team-sport athletes, the greatest asymmetries score was observed in CMJ
height, followed by horizontal jump distance (SLJ and LJ) [37]. It is worth noting that the
degree of inter-limb asymmetries may influence the magnitude of associations between
inter-limb asymmetries and COD performance. This may compromise the real level of
horizontal power ability. Therefore, the jumping distance may not be the optimal and
effective strategy to determine two-side differences, and the vertical jump tests can be
chosen by practitioners.

According to the nature of the measurement tools, lower strength asymmetries can be
divided into concentric, eccentric, isometric strength asymmetries, and so on. Although
only two studies included in this study assessed the associations between COD performance
and maximal strength asymmetry, and it is thus hard for us to draw a confirmed conclusion
due to conflicting results. Dos’ Santos et al. [26] reported small and no significant differences
between inter-limb isometric relative peak force (6.6%, p = 0.08), impulse during 200
(12.2%, p = 0.31), and impulse during 300 (12.9%, p = 0.12) in 20 male collegiate athletes.
No significant associations between isometric peak force and COD performance were
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observed in this study [26]. These results demonstrated that male athletes who showed
small asymmetries in isometric actions may not reduce their COD performance. Similarly,
the study conducted by Lockie et al. [37] also indicated that low asymmetry indexes of
3.3%–10.4% did not correlate with the reduction in COD performance. Coratella et al. [34]
reported that asymmetries scores of quadriceps and hamstrings ranged from 7.9% to 9.8%
and 9.7% to 11.8%, respectively, in U21 elite soccer players. It was noting that although
small inter-limb asymmetries scores were observed, there were moderate associations
between quadriceps and hamstrings eccentric peak force asymmetries and T-test and
20 m shuttle-test performance. Eccentric strength plays a critical role in limiting joint
displacements during the eccentric phase in the movements involving SSC, such as COD
and vertical jump [44], and forwarding the body through stabilizing both knee and hips
during the propulsion phase [45]. The eccentric strength asymmetries detriments COD
performance when one side is used to move primarily in side-stepping [45]. Therefore,
there was weak evidence that eccentric knee strength asymmetries can influence the COD
performance.

Moreover, out of five studies assessing associations between lateral jump symmetries
and COD performance, significant correlations between both variables were only ob-
served in one study [24]. Better lateral jump performance indicated better performance on
dominant-side 505 and V-cut in handball athletes [24]. This may be due to muscles recruited
required for COD tasks and for lateral jump seeming similar, for example, the important
role of hamstrings, gluteal, and quadriceps played in both movements [46,47]. More-
over, the capability of explosive action laterally also enhanced COD performance [22,48].
However, there were no significant associations between lateral jump distance and COD
performance [29,35–37]. Again, this finding may be explained by the low asymmetries
score. Lateral jump distance asymmetries scores in these studies ranged from 3.3% to 6.6%,
with an average of 5.9%. It is therefore necessary to consider whether greater asymmetries
are detrimental to COD performance.

This study has several limitations. First, this study did not consider the sports in
which the participants were involved. The degree of performance differences between
inter-limb is certainly influenced by the magnitude of the inter-limb asymmetries. The
larger inter-limb asymmetries scores may be observed in participants who take part in team
sports such as baseball and basketball, while players who take part in individual sports
may display low asymmetries. Second, only three databases were searched in this study,
more specifically only English peer-journal were considered in this study.

5. Conclusions

This study suggests that drop jump height and eccentric knee strength asymmetries
can reduce COD performance. Moreover, the low horizontal jump may not influence COD
performance. Further research needs to determine that the minimal threshold of horizontal
jump asymmetries would not affect COD performance.
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