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Abstract

Background: One of the most sought-after skills for performance in team sports is change of direction. Training the
physical qualities of strength, speed, and power has been used to improve change of direction. These qualities of change
of direction have been studied extensively for the last 20 years, and their influence is still questioned. Additionally, it is
currently unknown how moderating training variables affect COD performance.

Objective: This study examines the impact of strength, power, and speed training on change of direction performance.
Method: Following the PRISMA guidelines, a meta-analysis was conducted. Electronic databases were searched for stud-
ies conducted from 1991 to April 2021. All studies identified for inclusion were peer-reviewed and published in English
and Spanish and used an athlete population as participants. For all analyses, a significance level is set at p <0.05.
Results: Sixty-six articles were included in this meta-analysis. Two hundred fifty-one effect sizes were calculated, repre-
senting 2056 participants aged between 12 and 25 years. The global effect size (ES) for each quality is reported and
Cochran’s Q test: Strength (N=48) ES: 0.844 Q=77.63 (95%Cl: 0.65;1.07); Speed (N=17) ES: 0.70 Q =5.69 (CI95%
=0.35;1.05); Power (N=49) ES: 0.85 Q=47.58 (CI95% =0.64;1.06); Agility (N=57) ES: 1.05 Q=79.63 (CI95% =
0.86;1.24); Combined training (N=13) ES: 0.51 Q=13.79 (CI95% =0.14;0.93), and the Control Group (N=67) ES:
0.53 Q=47.40 (1C95% =—0.12;0.23), all ES were statistically significant except control group. The ANOVA-LIKE pre-
sented a statistically significant difference between physical qualities and the control group (Sig=0.000 Q=69.18).
Conclusion: The training of strength, speed, power, and agility, are effective training methods for improving change of
direction ability. Each of these qualities has one or more moderating variables that influencing its development.

Keywords
Agility, power, speed, strength, team sport

direction tests being preplanned rather than reactive, the
athlete completing the test can better adjust their footwork
and body positioning to optimize the technique of COD
leading force production. Therefore, these tests’ perform-
ance is underpinned by the athlete’s strength, power, and

Introduction

Team sports are characterized as being intermittent in
nature, whereby players are required to frequently transition
between brief bouts of high-intensity running and more
extended periods of low-intensity activity.' More specif-
ically, the running demands in intermittent team sports

require frequent accelerations, decelerations, and changes
of direction.>* Reviewer: Brian Schilling (University of Nevada, Las Vegas, USA)

Change of direction (COD) refers to a movement where

no reaction to a stimulus is required and, therefore, is pre-
planned.” In comparison, the definition of agility is “a
rapid whole-body movement with change of velocity or dir-
ection in response to a stimulus.”' Due to the necessity of a
sport-specific stimulus to truly assess agility, most agility
tests are preplanned. They, therefore, are indeed testing the

athlete’s change of direction ability. Due to change of
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speed capabilities.'*® Enhancing athletes’ COD performance
is a frequently noted targeted priority in many physical prep-
aration programs for team sports athletes.’

The physical qualities of strength, speed, and power dir-
ectly affect change direction.”®* In the case of strength,
force-generating capacity is required any time an athlete
must overcome inertia, which concerns deceleration and accel-
eration.>'® For example, Nufez et al."! indicated that after
6 weeks of strength training utilizing an eccentric exercise
program on 27 young team sports male players, COD was sig-
nificantly enhanced by statistically significant ES =0.75 from
the baseline, being a moderate effect. However, some research
has reported a decrease in COD performance from strength
training. For example, Raya-Gonzilez et al.'> reported a
decrease of 0.07 s in COD test following 6 weeks of strength
training on 16 soccer players, on horizontal and vertical
strength training in nature. This result indicates that not all
strength training translates to enhanced COD performance.

The development of speed qualities is often emphasized
in training programs. Researchers have observed a positive
correlation between speed and changes of direction, such is
the case of the study by Sheppard et al.,'* which indicates
an r=0.74 and concludes that speed and COD are
related. So, speed is important during the acceleration,
sprint, and braking phases of a COD task. Likewise, differ-
ent studies have explored the effects of speed training on
COD performance. However, within this body of literature,
the results are conflicting. The conflict is because of the dif-
ferent results in the studies, for example, a study by Beato
et al.'* demonstrated that 2 weeks of repeated speed train-
ing in soccer players resulted in trivial effect size (ES) of
0.04 to improve COD. Another study by Brocherie
et al.'> reported 5 weeks of repeated speed training in
soccer players had an ES of 1.33. The ES’s differences
may be due to different moderator variables that are not
being taken into consideration for the analysis.

The other quality that underpins COD is power. A
meta-analysis by Assadi, et al.,” investigated 24 articles on
the effect of plyometric training on COD performance and
reported this modality of training as an effective method to
improve task outcome with an ES of 0.96. Also, two types of
power training methods are used to enhance COD ability: plyo-
metric targeting a short and fast stretch-shortening cycle, and
more general power training such as a jump squat targeting a
long and slow stretch-shortening cycle. The first power training
method is plyometric training; it is the most common way to
improve power for team sports due to its specificity to move-
ments like jumping and sprinting."> The second is general
power training with a jump squat to enhance high-velocity
actions, which provokes maximal power output.'® Both
power training methods are effective for improving COD;
however, no study has directly compared plyometric training’s
effectiveness to more general power training such as a jump
squat or Olympic weightlifting movements to improve COD
performance.

Due to the substantial body of literature in training to
improve COD and the conflicting results, a meta-analysis
would be an appropriate methodology. To date, no
meta-analysis has covered the range of training methods
to develop the underpinning physical qualities of COD.
Therefore, this study aims to examine the effect of strength
training, power training, speed training, agility training
(specific skills training for COD: pre-planned routes
where the participant makes changes of direction), and
combined training (two methods in the same treatment)
on COD performance. Through a meta-analysis of each
quality as a training method: strength, power, speed, and
agility training as a specific method, a more comprehensive
understanding of how to better enhance COD will be avail-
able to inform coaching practice. Likewise, the coding of
moderating variables for each method was carried out. An
attempt will be made to answer questions related to training
to improve this ability’s performance.

Method

Protocol

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-analysis (PRISMA) state-
ment checklist."”

Information sources and search

A systematic literature search with meta-analysis was con-
ducted from the 12th of February to the 25th of April 2021
using databases: Academic Search Complete, Education
Research Complete, Educational Resource Information
Center (ERIC), Fuente Académica Premier, MEDLINE,
OmniFile Full Text Select (H.W. Wilson), SPORTDiscus,
E-Journals, Proquest. Also, each included study’s reference
list was reviewed to find potential studies that could be used
in this review. The search strategy combined terms for
change of direction (“agility” AND “change of direction”
AND “team sports” AND “effect” AND “training” AND
“strength” AND “speed” AND “power”” AND “agility train-
ing”). Heterogeneity was examined via the Q statistic and
PP. Pooled effect sizes were calculated using a
random-effects model, with Egger’s regression test used
to assess small study bias (inclusive of publication bias).

Eligibility criteria and study selection

The criteria for a study to be included in the meta-analysis
were the following by using PICOS: (a) subjects being ath-
letes of a team sport, (b) the study must employ at least one
of the physical qualities (strength, speed, power, agility
(specific skills training)) as a treatment intervention and
details of the training method, (c) Pretest—postest compari-
son, (d) the use of COD as a depended variable, (e) pre-
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experimental, quasi-experimental, or experimental design.
All articles had to be published in English or Spanish and
have full-text availability. Regarding training programs,
no restrictions were made regarding physical quality com-
bination, time, sex, or sport. Studies were excluded if
they did not meet the minimum requirements for describing
training variables or did not report results adequately (mean
and standard deviation).

Coding of studies

Each study was read and coded independently by two
investigators, RC and WS, using the following classifica-
tion of variables: (a) study design, (b) characteristics of par-
ticipants, (c) training characteristics, (d) training methods,
(e) COD performance, (f) season (sports planning period),
and (g) study quality.

Each coding difference was scrutinized by the investiga-
tors and was resolved before the analysis. In some cases, we
contacted the authors to provide the necessary data. Four out
of six authors responded to our queries and subsequently
sent the missing data to calculate the intervention’s ES.

Data extraction

The main study characteristics (i.e., cohort, age, interven-
tion program, training variables, relevant outcomes) were
extracted in an Excel template/spreadsheet (Microsoft
Corporation, Redmond, WA, USA). Two investigators
performed data extraction, and discrepancies were reviewed
in conjunction with the three investigators. The Excel
sheet compiled the information of each article according
to the moderating variables. The excel template had 65
columns; each study’s variables of interest were recorded
in the searches. The template included formulas to deter-
mine each article’s ES and the global ES. Given the unit
is on time, the final ES’s charge was changed to a positive
charge for a better understanding of an improvement. All
the studies were taken on the same sheet and were
divided according to the treatment carried out.

Assessment of study quality

The quality of the studies was assessed using the TESTEX
scale,'® the scale has a range from 0 to 6 points, where
higher scores reflect higher internal validity. This evalu-
ation was included as a moderating variable to determine
if the study’s quality affected the treatments’ effect size.

Statistical analyses

The effectiveness of an exercise intervention on COD perform-
ance, the correction index g by Hedges and Olkin (1985),"
was computed. Effect sizes were calculated for both the experi-
mental and control groups of the study. Following each

group’s analysis, groups were compared to determine the
effects of an intervention on the dependent variable. Also,
the weighting of the studies was applied according to the mag-
nitude of the respective standard error. The random-effect
model was used to calculate the overall ESs. The dependent
variable is measured as time (s), so an improvement would
decrease the test execution time. This result would produce a
negative ES; therefore, for a better understanding of the
results, the sign was changed to observe a positive ES
Hopkins et al.? suggest interpreting ES thresholds as: <0.2,
trivial; 0.2-0.6, small; >0.6—-1.2, moderate; >1.2-2.0; >2.0—
4.0, large; >4.0, very large.

Once the global and the individual ES were calculated, a
metaregression was applied to determine the ES’s relation-
ship with the continuous moderator variables. An Analog of
Analysis of Variance (ANOVA-LIKE) of one way for inde-
pendent groups was applied to determine statistical differ-
ences between the levels of discrete moderator variables.
The IMB-SPSS version 21, Microsoft Excel, and OPEN
MEE program from National Science Foundation was
used for the respective analysis.

Analysis of heterogeneity and bias

Q’s Cochran test assessed the heterogeneity of studies,
while the inconsistency was evaluated using the statistical
test I. The Q test’s significance was computed with a p <
0.01; this is for the fault of statistical power. The values
considered less than 25% present very inconsistent,
between 25% and less than 50% represent low consistent
and between 50% and 75%, moderate; with values over
5% is very high. Bias risk was assessed using Egger’s
funnel plot, Egger’s test, and the “file-drawer effect.”!

Results

Sixty-six studies fulfilled the eligibility criteria to be
included in the meta-analysis. We calculated one hundred
and eighty-four ES, representing 1990 participants with
mean ages of 18.46 +3.87 years in both genders. Figure 1
shows the flow chart of the review process of the studies.
The characteristics of the studies of the meta-analysis are
represented in Table 1.

Global effect size

The sixty-seven studies’ coding generated 184 ES for the
experimental group and 67 for the control group. This
Meta-analysis analyzed the different physical qualities tar-
geted to improve COD. The ES for each quality (strength,
speed, power, agility, and combined training) and its
respective global ES were separated. The experimental
group’s global ES was moderate ES of 0.89 (95% CI
0.77-0.99) sig: 0.001 (Figure 2). The global ES for the
control group was a statistically significant ES =0.05;
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Figure |. Flow diagram of the studies that underwent the review process.

Primary search

Scannig

4950 studies were found primarily in the 9 databases searched

v

v

3556 publications excluded by title:
Non related (3652)
Duplicates (n=871)

Others idioms (n=33)

394 publications by abstract selected

v

303 publications excluded by:
Not an experiment design (n = 68)
Not team sports groups (n = 192)

No agility like dependent variable
(n=43)

Eligibility

Included

91 studies based on full text were extracted

Excluded 25 publications by Insufficient

information

Articles for meta-analysis (#=66)

Table |. Summary of articles included in the meta-analysis.

Quality Sample Control Validity
No Article Year trained size (n) group Intervention score (1-5)* Sport
I Aloui et al. 2020”2 Power 29 Vv Plyometrics 5 Handball
2 Amanietal 20192 Agility 20 X SSG / Traditional 4 Various
3 Arazietal 2012**  Power 18 Vv Plyometrics / Plyometrics 5 Basketball
Water
4  Arietal 2017 Power 35 \/ Plyometrics 5 Soccer
5  Asadi 2013%  Power 20 Vv Plyometrics 5 Basketball

(continued)
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Table I. (continued)

Quality Sample Control Validity
No Article Year trained size (n) group Intervention score (I1-5)* Sport
6  Barunsharma 2017 Combined 24 X Strength + speed + Agility 3 Field
etal. Hockey
7  Beato etal. 2019'  Speed/ 36 Vv Sprints/COD 4 Soccer
Agility
8  Boeretal 2016%7  Speed 47 V Sprint+ COD / Sprints + 3 Soccer
Court
9 Bornetal 2016®  Speed 19 \/ Sprint+ COD / Sprint + 5 Soccer
Aerobic
10 Brini etal. 2020%°  Agility 16 Vv CcoD 4 Basketball
Il Brocherieetal. 2012 Speed 19 \/ Sprint+ COD 5 Soccer
2 Chaabene etal.  2020%°  Strength 19 Vv Excentric 5 Handball
I3 Chaalali etal. 2016*'  Agility 32 Vv COD!/ Agility 5 Soccer
14 Chaouachi etal. 2014°?  Agility 36 \/ SSG / Traditional 5 Various
I5 Cherni etal 2019*  Power 25 \/ Plyometrics 5 Basketball
16  Christou et al. 2006**  Strength I8 \/ Resistance 4 Soccer
17  Cressey et al. 2007 Strength 10 \/ Unstable resistance 5 Soccer
I8 Delextratetal. 20133  Agility 18 Vv SSG 4 Basketball
19  Faude et al. 2013 Combined 16 v Strength + Power 2 Soccer
20 Fryetal 19913  Combined 14 X Strength + Power 2 Volleyball
21 Gabbett 200627 Agility 69 X SSG / Traditional 2 Rugby
22 Gabbett 2006b*°  Agility 77 X SSG 3 Volleyball
23 Gabbett et al. 2006 Agility 26 X SSG 4 Volleyball
24 Gunnar etal. 2015*"  Speed 19 Vv Sprint+ COD 2 Soccer
25  Gunnarsson 20122 Speed I8 \/ Sprints 5 Soccer
etal.
26 Hammamietal. 2017*  Strength 31 \/ Resistence 5 Soccer
27  Hammamietal. 2016%  Power 28 \/ Plyometrics 5 Soccer
28 Hammamietal. 2018* Combined 28 \/ Strength + Speed + Power 3 Handball
29 Hammamietal. 2020*  Power 34 \/ Plyometrics 4 Handball
30 Hoffman etal. 2004%  Strength 20 X Resistance/Olimp.Lifting 5 Football
31 Hoffman etal. 2005'  Power 47 Vv Squat Jump 4 Football
32 lacono etal. 2016*  Power I8 \/ V. Drop Jumps / H. Drop 5 Handball
jump
33 lacono et al. 2015 Agility 18 X SSG 5 Handball
34 Jlid etal 2019*  Power 28 \/ Plyometrics 4 Soccer
35 Karahan 2020°°  Agility 24 X SSG 5 Soccer
36 Keiner etal. 2018 Strength/ 112 \/ Resistance/maximal/ 4 Soccer
power explosive strength/squad
jump/COD
37 Keller etal. 2018%'  Strength 45 X Maximal/explosive strength 2 Various
38 Lehnertetal. 2013°2  Power 12 Vv Plyometrics 4 Basketball
39 Lockie et al. 2014°3 Agility 19 X Traditional/deceleration 5 Various
40 Maciejczyk etal.  2021°*  Power I5 \/ Plyometrics 4 Soccer
41 Meylan et al. 2009°°  Power 26 \/ Plyometrics 3 Soccer
42 Noyes et al. 2013°®¢  Combined 62 X Power + agility + speed 3 Volleyball
43  Nuinez et al. 2018 Strength 27 X Resistance 4 Various
44 OBrienetal.  2020°  Strength 20 X Resistance 5 Basketball
45  Padrén etal. 2019 Agility 18 \/ Agility 5 Soccer
46  Polman et al. 2004°%  Agility 36 \/ Traditional/agility 4 Soccer
47 Radergird etal. 2020°°  Strength/ 21 X Resitence/plyometrics 5 Soccer
power
48 Ramirez et al. 2013%°  Power 76 \/ Plyometrics 5 Soccer
49 Ramirez et al. 2015%'  Power 166 \/ Plyometrics 5 Soccer

(continued)
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Table I. (continued)
Quality Sample Control Validity

No Article Year trained size (n) group Intervention score (I1-5)* Sport

50 Ramirez etal. 2018%2  Combined 18 X Streght + power 4 Soccer

51  Ramirez et al. 2015°'  Power 24 \/ plyometrics 5 Soccer

52 Raya-Gonzilez 2017'*  Strength 16 X Resistance/dragging 4 Soccer

etal.

53 Séaenzetal. 2014 Strength 19 X Resistence 4 Water
Polo

54 Sanchez etal. 2014%  Agility 36 X SSG 2 Soccer

55  Serpell et al. 2011%*  Agility I5 Vv Agility 5 Rugby

56 Shaher etal. 2013 Strength 10 X Resistance 4 Soccer

57 Singh etal. 2013%>  Combined 28 \/ Streght + power 4 Soccer

58 Sohnlein et al. 2015 Power 23 \/ Plyometrics 4 Soccer

59 Trajkovic etal.  2012%¢  Agility 16 X SSG 3 Volleyball

60 Tricoli et al. 2005%7  Strength/ 22 \/ Resistance 5 Various

power

61  Vaczietal 2013 Power 24 \/ Plyometrics 5 Soccer

62 Vilaca et al. 2010°®  Strength 23 \/ Resistance/functional 4 Soccer

63  Young etal. 2001%°  Speed/agility 36 vV Sprints/COD 5 Various

64 Young etal. 20147°  Agility 25 Vv SSG/traditional 5 Aus
Football

65  Zaric 2014”'  Strength 3 X Resistance 2 Basketball

66 Zghal etal. 20192 Combined 3l \/ Strength + power + speed 5 Soccer

(95% CI —0.090-0.195) sig: 0.616. The ANOVA-LIKE
presented a statistically significant difference, and it pre-
sents a Q=06.218; sig: 0000 p<0.05, the individual Q for
groups was 228.230 and 46.684 for the experimental
group and the control group, respectively. The analysis
indicated a statistically significant difference existed
between the experimental group and the control group
(Figure 3).

The calculation of Orwin’s test resulted in a need of
569.967 no significant ES for reducing the global ES of
0.84 to a global ES of 0.2. The Cochran’s test presents a
calculated value of 662.28 (gl 183; p<0.05) and P=
72.36% (high heterogeneity) for the experimental group
and the control group, the value of Cochran’s test was
157.13 (gl 67; p<0.05) and P=57.99% (median hetero-
geneity),”” which indicated both groups are heteroge-
neous. When considering the heterogeneity of the effect
sizes, the moderating variables were analyzed.

Bias analysis

The Egger's linear regression (Figure 4) shows an asym-
metry in funnel plot (Figure 5), the results were t=4.44,
df =183, p-value = 1.537 x 107, The result may indicate
an absence of studies included in the meta-analysis due to
publication bias. Ko’s assessment indicates the number of
articles necessary to reduce the global ES to a trivial ES;
for this study, the Ko=1560.70 ES is necessary to reduce
global ES (Figures 4 and 5).

Moderator variables
(a) Sex

The Anova-like show no significant difference between
group O =1.13 df =1 and p=0.29. The individual results
for groups were: Men Q=14549, ES=0.90 CI 95%:
0.77; 1.04. Female Q=51.64 ES=0.76, CI 95% =0.55;
0.98. This indicates the sex of participants is not an influen-
cing factor in obtaining an improvement in the COD per-
formance (Figure 6).

(b) Level of Competition

This category refers to the condition of competition
(Amateur, Junior, College, and Elite), the ANOVA-LIKE
shows no difference between categories (p=0.49) Q=
2.38, df=3.0. The results by group are Amateur ES=
0.74, 0=10.87, and CI95%: 0.43; 1.05. The Junior group
ES=0.97 0=101.85 and CI95% =0.81;1.14. College had
an ES=0.78, 0=20.71 and CI95%=0.49; 1.14. The
Elite group show an ES=0.84 0=67.78 and CI95% =
0.63; 1.06. This result indicates no influence of level compe-
tition on the gain in COD performance (Figure 7).

(c) Sport

This category is about the sport of the study participants.
The ANOVA-LIKE indicates no significant difference
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Studies Estimate (95% C.I.)

Cressey, West, et al. 2007 1.463 (0.542, 2.384) ——
Christou, Smillos, et al. 2006 2.597 (1.407, 3.787) P S—
Christou, Smiios, et al. B 2006 0.847 (-0.032, 1.726) ——
Hammami, Negra, et al. A 2017 3.147 (2.213, 4.080) —_—
Hameani, Negra, et al. B 2017 1.915 (1.170, 2.661) e
Hammani, Negra, et al. C 2017 5.108 (3.808, 6.408) S —
Hammami, Negra, et al. D 2017 0.857 (0.218, 1.496) e

Hoffman, Cooper, et al. A 2004 0.312 (-0.496, 1.119) e

Hoffman, Cooper, et al. B 2004 0.457 (-0.3%7, 1.271) —_—

Nunez, Santalla, et ala 2018 0.724 (0.001, 1.447) e

Nunez, Santalla, et alb 2018 0.681 (-0.062, 1.424) .o

Nunez, Santalla, et al.c 2018 2,294 (1.374, 3.219) e
Nunez, Santalla, et al.d 2018 0.288 (-0.436, 1.012) e

Nunez, Santalla, et al.e 2018 0.342 (-0.361, 1.045) —t—

Nunez, Santalla, et alf 2018 0.125 (-0.596, 0.845) e

Nunez, Santalla, et al.g 2018 0.314 (-0.388, 1.016) ——

Nunez, Santalla, et al. H 2018 0.000 (-0.720, 0.720) e

Raya-Gonzalez, Suarez-Arrones, etal. A 2017 -0.317 (-1.195, 0.561) e

Raya-Gonzalez, Suarez-Arrones, etal. B2017  0.404 (-0.478, 1.286) —
Raya-Gonzalez, Suarez-Arrones, etal. C 2017 -0.566 (-1.459, 0.327) —_——

Raya-Gonzalez, Suarez-Arrones, etald 2017 0.342 (-0.537, 1.221) e

Viaca, Rebelo, et al. A 2010 0.246 (-0.592, 1.085) — e

Vilaca, Rebelo, et al. B 2010 0.000 (-0.871, 0.871) —

Zaric 2014 0.882 (0.124, 1.641) —_——

Tricol, Lamas, et al. 2005 0.611 (-0.183, 1.375) e

Keiner, Sander, et al. A 2013 2.572 (1.602, 3.541) R
Keiner, Sander, et alb 2013 1.800 (0.9%8, 2.641) e
Keiner, Sander, et al.c 2013 1.629 (1.056, 2.202) —e—
Keiner, Sander, et ald 2013 1.074  (0.545, 1.603) .

Keiner, Sander, et al.f 2013 1.888  (1.127, 2.650) e
Keiner, Sander, et al.g 2013 1.63¢  (0.905, 2.364) e
Saenz, Suarez, et al.a 2014 0.784 (-0.054, 1.621) .

Saenz. Suarez. et al b 2014 0.181 (-0.656, 1.017) s g

Shaher, Shalfawi, et al. 2013 -0.072 (-0.874, 0.730) —_——

Keler, Kood, et al.a 2018 1.265 (0.333, 2.196) .
Keler, Kood, et alb 2018 1.445 (0.486, 2.404) e
Keler, Kood, et al.c 2018 2,108 (1.026, 3.189) —_——
Obrien, Browne, et al. A 2020 0.923 (0.105, 1.741) S

Obrien, Browne, et al. B 2020 0.328 (-0.513, 1.170) ———

Raedergard Fakch, et al.a 2020 0.215 (-0.%89, 1.019) e

Raedergard Faich, et al b 2020 -0.048 (-0.850, 0.753) —_——

Raedergard Faich, et al.c 2020 0.091 (-0.710, 0.893) -

Raedergard Faich, et al.d 2020 0.152 (-0.650, 0.955) .

Raedergard Faich, et al.e 2020 0.366 (-0.444, 1.175) R

Raedergard Fakh, et al f 2020 0.070 (-0.731, 0.872) e

Raedergard Fakh, etalg 0.914 (0.064, 1.764) B
Raedergard Fakch, et alh 2020 0.914 (0.064, 1.764) P
Chaabene, Negra, et al. 2020 0.668 (-0.160, 1.495) e e

Boer, Aswegen, et al. A 2016 0.381 (-0.266, 1.028) e

Boer, Aswegen, et alb 2016 0.952 (0.273, 1.631) —

Bom, Zinner, et al.a 2016 1.524  (0.594, 2.454) e
Bom, Zinner, et al.b 2016 0.401 (-0.443, 1.246) .

Bom, Zinner, et al.c 2016 0.853 (0.009, 1.697) F—e——

Bomn, Zinner, et al.d 2016 0.301 (-0.539, 1.141) e

Brocherie, Girad, et al.a 2012 1.333  (0.347, 2.319) —_——
Brocherie, Girad, et al.b 2012 1.333  (0.347, 2.319) —_—
Gunnar, Pettersen, et al. 2015 1.268 (0.376, 2.161) ———
Young, McDowell, et al. A 2001 0.448 (-0.282, 1.178) —t———

Young, McDowel, et alb 2001 0.736 (-0.011, 1.483) e

Young, McDowel, et al.c 2001 0.624 (-0.115, 1.364) R

Young, McDowell, et al.d 2001 0.633 (-0.107, 1.372) R R

Young. McDowell, et al.e 2001 0.749 (0.001, 1.497) b

Young, McDowell, et al.f 2001 0.785 (0.035, 1.536) .

Beato, Coratela, et al. 2019 0.043 (-0.581, 0.668) —_——

Gunnarsson, Christensen, et al. 2012 0.057 (-0.568, 0.681) .

Arazi Coetzee, et ala 2012 1.583 (0.438, 2.727) —_———
Araz Coetzee, et alb 2012 1.445 (0.331, 2.560) e
Arazi Coetzee, et alc 2012 2.040 (0.786, 3.295) e
Arazi Coetzee, et ald 2012 0.793 (-0.212, 1.797) e

Asadia 2013 1.652 (0.701, 2.603) ————
Asadib 2013 2,324 (1.246, 3.401) e
lacono, Martone, et al. A 2016 0.809 (-0.067, 1.684) -

lacono, Martone, et alb 2016 1.176 (0.257, 2.095) _——
Hoffman, Ratamess, et al A 2005 0.579 (-0.094, 1.252) R

Hoffman, Ratamess, et al.8 2005 0.176 (-0.502, 0.854) e

Lehnert, Hulka, et al A 2013 0.380 (-0.372, 1.132) —_—

Lehnert, Hulka, et al B 201.3 0.269 (-0.479, 1.017) —t-—

Meylan, Malatesta, et al. 2009 2.647 (1.664, 3.630) —e————
Sohnlein, Muler, et al.A 2015 0.836 (0.055, 1.617) e

Sohnlein, Muler, et al.8 2015 0.465 (-0.291, 1.221) ————

Vacz, Tollar, et al A 2013 0.300 (-0.449, 1.049) —_——

Vacz, Tollar, et al 8 2013 0.672 (-0.096, 1.440) .

Ramirez, Henriquez, et al A 2015 0.504 (-0.385, 1.392) b

Ramirez, Henriquez, et alb 2015 0.628 (-0.270, 1.526) e e

Ramirez, Meylan, et al. 2013 0.245 (-0.197, 0.687) Y

Tricok, Lamas, et alb 2005 0.771 (-0.00S, 1.546) boe

Ari, Colakoglu, et al. 2017 0.715 (0.015, 1.416) oo

Hammami, Negra, et al.e 2016 0.901 (0.187, 1.616) e

Hammanmi, Negra, et al.f 2016 1.337 (0.580, 2.093) ——
Hamman, Negra, et al.g 2016 0.719 (0.018, 1.419) e

Hammanmi, Negra, et alh 2016 2.731 (1.764, 3.699) A -

Figure 2. Forrest plot. Effect sizes (ES) of experimental groups with the confidence interval (95%) (continued).
Red line = (Standardized mean difference). (continued)
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Figure 2. Continued.
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Control(67)
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*p<0.05

Figure 3. Global effect size. Lines represent confidence intervals (0.05).

among sports for obtaining a change in COD performance (Q
=16,91 and sig =0.08). The individual analysis shows a stat-
istically significant effect for Handball is ES =1.45 Q = 15.15
CI95% =1.01; 1.90. Basketball: ES=0.91 0=9.25 CI95%
=0.58; 1.27. Volleyball: ES=1.04 0=2455 CI95% =
0.36; 1.71. Rugby: ES=142 (Q=13.83 CI95%=
0.83;2.01. Soccer: ES=0.87 ©0=11590 CI95% =
0.72;1.02. And a not statistically significant effect for
Football: ES=0.38 Q=0.17 CI95% =—-0.35;1.12. Hockey:
ES=0.66 0=0.01 CI95% =-0.32;1.64. Various sports:
ES=0.78 (Q=1845 CI95%=0.48;1.07. Australian
Football: ES=0.01 0=0.01 CI95% =-1.03;1.05. Water
polo: ES=047 Q=2.01 CI95%=-0.28;1.22. Indoor
Soccer: ES =0.35 0=0.01 CI95% = -0.72;1.42 (Figure 8).

(d) The phase of training

The season category is about the phase of planning train-
ing. The ANOVA-LIKE shows a significant difference
between these phases (Sig=0.01 Q=11.90) being a
better gain on COD performance in the In-season versus
Off-season. The results had a statistically significant effect
for each phase: Off-season: ES =0.46 0 =15.65 CI95% =
0.18; 0.74. Pre-Season: ES=0.84 Q0=67.09 CI95% =
0.62;1.06. And In-Season: ES=1.05 0=91.12 CI95% =
0.87;1.23 (Figure 9).

(e) Method

The method is about the physical ability trained for the
change in COD performance. The ANOVA-LIKE indicates
a statistically significant difference among methods (except
the combined method) with the control group (Sig=0.01 Q
=69.19). The strength method had an ES =0.86 Q0 =77.63
CI95% =0.65;1.07. Speed method: ES=0.70 9=5.69
CI95% =0.35;1.05. Power method: ES=0.85 Q=47.58
CI95% =0.64;1.06. Agility method: ES=1.05 0=79.63
CI95% =0.86;1.24. Combined method: ES=0.53 Q=

13.79 CI95% =0.14;0.93. Control group: ES=0.05 Q=
47.40 1C95% =—0.12;0.23. All ES were statistically sig-
nificant except control group (Figure 10).

Metaregressions of moderatoring variables

The model for the variable age displayed a small statistically
significant regression (Sig=0.03 R*=2.57%). This result
indicates an athlete’s age is an influencing factor for
enhanced COD performance. More specifically, a younger
athlete is better able to capitalize on training than an older
one. The variable weight shows a statistically significant
model (sig=0.02 R*=2.83%). When participants had less
weight, their gain in the COD performance was better.
When analyzing the variable of frequency (times per week
of treatment) (Figure 11), weeks (number of weeks of treat-
ment), and total sessions (total number of treatment ses-
sions), the results were statistically significant (sig=4.69 X
107 R2=17.09%; sig=0.01 R*=31.99%; sig=1.89x
107'°R*>=18.5 1%, respectively), which indicates more ses-
sions per week and more weeks it indicates more gain on
COD performance. The variables of height and study
quality, the metaregression present a non-significant model
for those two variables (sig=0.39 R*=0.01% and sig=
0.54 R*=0.01%, respectively) (Figure 12).

Discussion

The purpose of this meta-analysis was to determine which
of the physical qualities of strength, speed, power, agility,
or combined training improve performance in COD
ability. The results prove that training physical qualities
(strength, speed, power, and agility) improves performance
in COD. Previous studies agree with this result, which indi-
cates that each of these physical qualities can improve COD
ability. >+’

Within the analysis of the moderating variables, one of
the most important findings is that there is no difference
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in the improvement of COD regardless of the physical
quality trained. Each of the physical qualities, including
combined training, improves COD performance. This
result contradicts the meta-analytic findings by Pardos
et al.,”” which indicates that power training is better than
strength training. This difference can be explained
because Pardos et al. study includes only 12 studies,
while the present study consists of 66 studies.

When the training methods are compared, a higher ES is
found for the agility method. Although not statistically dif-
ferent from the other methods, This result aligns with find-
ings from previous studies indicating that training methods
with greater specificity will have a greater transfer to COD
performance.®’*’®7® Within this meta-analysis, the agility
category included studies of small sided-games and other
specific methods of training directly related to the technical
aspects of COD in team sports.

Regarding the characteristics of the participants, age and
weight were found to be significant variables related to
improvements in COD performance. Many studies related
to age and weight are descriptive, which does not directly
compare with this study.”*®' Results of this meta-analysis
component can be linked back to the “law of diminishing
returns.” Younger athletes and those less trained have
greater possibilities for improvement and therefore are
likely to respond more favorably. However, more studies
comparing biological and training ages are needed.®

When different sports were compared, there was no stat-
istically significant difference in COD performance
improvements. This result is similar to Freitas et al.,®
which compared the COD ability in three sports: Rugby,
Handball, and Soccer. The authors found no significant dif-
ference in COD performance between players in each sport.
Although the Freitas et al. study is descriptive and this
meta-analysis is on experimental investigations, it guides
the influence of this variable. This finding may also high-
light that COD ability is a closed skill that does not
require athletes to perceive any sport-specific environmen-
tal cues to improve their change of direction.

Studies comparing training between phases of training
are oriented towards describing the performance of physical
quality.®* 8¢ Regarding COD training in team sports, this is
the first study to indicate significant differences in the train-
ing effect observed in different training phases. This
meta-analysis certainly demonstrates a greater performance
gain in COD during the competition period than in others.
The hypothesis that would explain this result is that the
level of COD gain is proportional to the level of physical
condition the subject has. It is likely that having gone
through the training phases before the competition period,
such as the pre-season, the players could obtain a better
physical condition that leads to greater profit in the next
phase. However, future studies are needed to directly inves-
tigate the improvements in COD ability in different phases
of a periodized training program.

When analyzing the quality of the studies, no relation-
ship was found between the quality scores and the ES
scores. This result may be because some included studies
do not report enough information (experimental death,
equal groups at baseline, or randomization) to determine a
certain level of study quality. Studies that analyze the rela-
tionship between quality scores and effect size indicate that
this association is influenced by the study area of the
meta-analysis to be performed. For example, the case of
epidemiological studies requires an exhaustive analysis of
the methodological procedures to find a valid ES.%"~%2
The analysis shows that it is unnecessary to eliminate the
low-quality studies from this study due to not finding a sig-
nificant meta-regression between the quality assessment
and the ES. Studies in the training of physical qualities
should improve the reporting of methodological aspects to
better analyze the study’s quality.

Variables related to training volume (weekly sessions,
weeks, total sessions) are shown to be related to improve-
ment in COD. This result is different from those found by
the meta-analysis of Asadi et al.’ ; in this study, it is indi-
cated that the number of sessions is not an influencing
factor in the COD gain, but it does corroborate the
weekly frequency variable where it presents similar
results. This different result may be due to Asadi et al.
meta-analysis solely from plyometrics training on COD
performance. In contrast, this study uses various types of
COD improvement training. Studies regarding training
volume should be more specific in the mentioned variables
and how many studies analyzed training volume as a mod-
erating variable.

These meta-analysis results are expected to clarify the
importance of training qualities in a complex skill such as
COD. Each of the qualities has been found to represent a
trainable factor with a similar magnitude to improve COD
ability within team sports.

The following studies in this line of research could be
oriented to post-meta-analytical experimental studies that
confirm these results. Likewise, the training of perceptual
factors is a factor to be investigated, necessary to analyze
agility in its entirety, making designs with training groups
in COD and others in agility.

Practical applications

Physical qualities, strength, speed, power, and agility con-
struct are effective training methods for improving COD
ability. Each of these qualities has one or more moderating
variables that influence its development, which must be
considered when planning training sessions to enhance
this quality. Coaches, trainers, and strength and condition-
ing coaches are the ones who, with their skills, can obtain
the best performance with the strategic planning of sessions
related to COD. This work will be possible to improve the
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physical qualities and especially the COD ability of team
sports players.
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