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ABSTRACT

Purpose: This study aims to conduct a systematic review of injury prevention programs on

Article info: muscle flexibility in children and adolescents.
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Methods: Relevant articles were searched in two electronic databases, PubMed and Scopus. An
electronic search was conducted on December 1, 2022, without applying any year constraints.
Studies that investigated the effect of injury prevention programs on muscle flexibility in subjects
under 17 years of age were included. The study method was evaluated using the PEDro scale.

Results: A total of 3563 studies were initially retrieved from databases, and data from 5
randomized controlled trials (RCTs) were used in this systematic review. Injury prevention
programs (three out of five articles) can improve the muscle flexibility of children and adolescents
(before and after the intervention).

Keywords: Conclusion: Injury prevention programs can improve the muscle flexibility of children
Flexibility, Range :  and adolescents in the intervention group (before and after the intervention); although no
of motion, Injury, . improvement was observed in the control group. Therefore, factors, such as duration, frequency
Prevention, Child, :  and intensity of the program, gender, activity level, type of sport, and sample size are decisive in
Children, Adolescent ¢ muscle flexibility.
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Highlights
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* Injury prevention programs can improve the muscle flexibility of children and adolescents.

» Stretching exercises are one of the constituent elements in most injury prevention programs.

* Most participants in injury prevention programs for children and adolescents are male soccer players.

Plain Language Summary

Sports injuries are inseparable from sports. Various risk factors contribute to the occurrence of sports injuries. These
risk factors are divided into two categories, modifiable and non-modifiable. Muscle flexibility plays a dual role in
sports injuries. This means that lack of flexibility causes injury and on the other hand, too much flexibility also causes
injury. To prevent sports injuries, athletes participate in injury prevention programs. Injury prevention programs focus
on modifiable injury risk factors. Most injury prevention programs included stretching, strength, plyometric, balance,
and agility exercises. According to the review of studies conducted in the field of injury prevention in children and
adolescents, it can be concluded that the implementation of injury prevention programs improves muscle flexibility in
children and adolescents. It is recommended to use injury prevention programs before technical and tactical drills or in
daily exercise programs. However, in the implementation of injury prevention programs, the type of sport, gender, age,

and playing level of the participants should be considered.

Introduction

articipation of children and adolescents

in sports is known as a major cause of pain

and injury [1, 2]. The medical, financial,

and human resources associated with the

economic burden of injury have different

levels that are related to the individual and

the society [3-5]. Injury prevention programs (IPPs) in

children and adolescents are necessary to prevent sports

injuries and reduce individual and social costs related to
treatment and rehabilitation.

Injury prevention strategies mainly focus on risk fac-
tors. Athletes’ risk factors can be classified as either
extrinsic or intrinsic, as well as modifiable or non-mod-
ifiable [6]. Shoe type, competition or skill level, level
of play, or use of tape or brace equipment are examples
of extrinsic risk factors [6]. In contrast, intrinsic factors
influencing athletes’ risk encompass variables, such as
age, sex, body dimensions, anatomical alignment chal-
lenges, muscle performance deficiencies, limited flex-
ibility, impaired balance, coordination, endurance, pre-
vious injuries, foot morphology, and psychological or
social considerations [7]. Any intrinsic or extrinsic fac-
tors can affect movement and performance. Some intrin-
sic risk factors, such as muscle flexibility are modifiable
and thus can be targeted in IPPs [8]. IPPs are essential
for the safety of youth sports. Multifaceted interventions
with systematic frameworks are often used in standard-

ized IPPs for youth [9]. In contrast to individualized pro-
grams, standardized IPPs are implemented either fully
or partially on the field before training or competition
begins, and regularly throughout the season [10].

The lack of flexibility is one of the most common pos-
sible intrinsic risk factors for developing muscle and lig-
ament injuries [11]. The available data are insufficient to
substantiate a connection between increased flexibility
and a reduced risk of injury [12]. In reality, both exces-
sive and insufficient flexibility can lead to injury, and,
in certain situations, enhancing flexibility may increase
injury susceptibility [13]. Injuries to muscles occurring
within the normal range of motion are not attributed to
a lack of flexibility [14]. However, athletes with imbal-
ances in flexibility may be at a higher risk of injury [15].
In several prospective cohort studies, restricted range
of motion due to muscle tightness [16-19] and muscle
asymmetry or interlimb range of motion asymmetry [20-
22] have been associated with sports injuries.

Several randomized control trials (RCTs) have been
published on the effect of injury prevention programs
on flexibility in children and adolescents [23-27], and no
systematic review study has been conducted in this field.
As mentioned above, IPPs focus on risk factors, and
muscle flexibility is a modifiable risk factor; therefore,
the present systematic review was conducted to investi-
gate the effects of IPPs on muscle flexibility in children
and adolescents.
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Table 1. Details of the search strategy for all databases

No. Terms (Title/Abstract) Database Result
1 Child or children’s and adolescent PubMed 691
2 Warm up prevention PubMed 79
3 Injury prevention intervention PubMed 14
4 Injury prevention program PubMed 62
5 Flexibility and prevention PubMed 225
6 Range of motion and prevention PubMed 127

(Child [title/abstract] or children’s [title/abstract]) and (adolescent [title/

Combined 1 and 2 abstract]) and (warm up prevention [title/abstract]) and (injury prevention
and3and4and5 intervention [title/abstract]) or (injury prevention program [title/abstract]) and PubMed 131
and 6 (flexibility and prevention [title/abstract]) or (range of motion and prevention
[title/abstract])
7 “Injury prevention intervention”+“child”+“adolescent” PubMed 5
8 “Injury prevention program”+“child”+“adolescent” PubMed 9
9 “Warm up injury prevention program” PubMed 73
10 “Warm up injury prevention intervention” PubMed 88
11 “Injury prevention intervention” PubMed 14
12 “Injury prevention program” PubMed 64
13 “Injury prevention program”+“flexibility” PubMed 4
14 Injury prevention program+“range of motion” PubMed 31
15 “Injury prevention intervention”+“flexibility” PubMed 0
16 “Injury prevention intervention”+“range of motion” PubMed 0
17 “Injury prevention intervention”+“child”+“adolescent” Scopus 39
18 “Injury prevention program”+“child”+“adolescent” Scopus 204
19 “Warm up injury prevention program” Scopus 4
20 “Warm up injury prevention intervention” Scopus 0
21 “Injury prevention intervention” Scopus 199
22 “Injury prevention program” Scopus 1255
23 “Injury prevention program”+“flexibility” Scopus 31
24 “Injury prevention program”+“range of motion” Scopus 209
25 “Injury prevention intervention”+“flexibility” Scopus 3
26 “Injury prevention intervention”+“range of motion” Scopus 2
Total PubMed/Scopus 3563
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Materials and Methods
Search strategy and selection of studies

The International prospective register of systematic re-
views has the protocol for this systematic review avail-
able online. This study is a systematic review based on
the PRISMA checklist, and all relevant articles were ex-
tracted using a search strategy [28]. One of the reviewers
(FM) searched the following electronic databases for rel-
evant studies published up to December 2022 in PubMed
and Scopus. Search terms were linked using Boolean
logic (and [between categories], or [within categories]).
Table 1 presents how to search all databases. Following
established inclusion and exclusion criteria, two review-
ers (FM and SB) independently further reviewed stud-
ies for title and abstract content, and read the full text
of studies meeting the criteria to determine final inclu-
sion. In cases where the content was still ambiguous, the
complete text was obtained for additional scrutiny, and
suitable studies were pinpointed. After screening, the
two reviewers (FM and SB) results were compared by
another author (AD). Studies were reviewed by one of
the reviewers (MS) collectively according to the eligibil-
ity criteria to resolve any disagreements.

Eligibility criteria

Relevant studies were identified using predetermined
selection criteria and the population intervention com-
parison outcome study design (PICOS) technique [28].
The inclusion criteria included population: Subjects
were children and adolescents with an average age un-
der 17 years old, intervention: The intervention program
was an injury prevention program (IPP), comparison:
The study assessed an intervention group enrolled in a
supervised warm-up prevention program and control
the group, outcome: One of the primary outcomes was
the muscle flexibility, study design: The types of stud-
ies were RCTs. The exclusion criteria included studies
of other interventions, non-English language research,
summaries of case reports, systematic reviews, inter-
views, and conferences, and a quasi-random assignment
study with no available data.

Risk of bias assessment

Two reviewers (AD and MS) used the physiotherapy
evidence database scale (PEDro) to assess the quality of
studies [29]. The scoring of this scale was done accord-
ing to 11 factors from the Delphi list to evaluate the qual-
ity of RCTs, from 0 (high risk of bias) to 10 (low risk of
bias) [30]. This scale assesses factors associated with the
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risk of bias in studies. The PEDro total score for items
2 to 11 was obtained as a total score from 0 to 10 [29].
Thus, PEDro scores <4 (0-3) are considered “poor”, 4-5
“fair”, 6-8 “good” and 9-10 “excellent” [31].

Data extraction

The reviewer (FM) used an Excel software, version
2019 (Microsoft, Redmond, WA, USA) to extract the
necessary data from the included research. The retrieved
data comprised two main types of information, basic
study information, such as the author and research pub-
lication time, and study experimental parameters, in-
cluding sample size, age, intervention type, frequency,
duration, and outcome measures. An IPP is defined as
“activities aimed at preventing, ameliorating, treating,
and or reducing injury-related disability and mortality”
[32]. Flexibility was defined as the result, representing
an intrinsic property of body tissues that determines the
achievable range of motion at a joint or group of joints
without risk of injury [33].

Synthesis and analysis of data

According to the studies in this review, the data of
the studies were derived from several different types of
IPPs. On the other hand, the tests used to assess flex-
ibility and the areas and muscles measured in the studies
were different, which may affect the sample heterogene-
ity for each type of analysis. For these reasons, the final
number of studies was considered insufficient for any
type of meta-analysis.

Results
Search results

Up until December 1,2022,3563 studies were first ob-
tained from several databases (PubMed and Scopus). Af-
ter excluding 1009 duplicate and non-RCT studies, 2554
studies were obtained, and the following five studies
were selected. The PRISMA standards were adhered to
during the screening of specific studies. Figure 1 shows
the selection process.

Characteristics of the included studies

One of the five studies was a cluster-randomized trial
[23], and the other 4 studies were RCTs [24-27]. A total
of 641 participants (580 boys, and 61 girls) were includ-
ed in this analysis. All players were below 17 years old.
Three studies only included boys [23, 26, 27], one study
included girls [25], and one study included 538 boys and
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Study Identification Using Registrations and Databases.

Records deleted prior to screening:
Records removed for reason types of study
in PubMed (n=5)

Records removed for reason types of study

Records located in: in Scopus (n=109)
Databases (n =3563) [y Duplicate records removed in PubMed
(n=446)

Duplicate records removed in Scopus (n=336)
Duplicate records removed in PubMed and
Scopus (n=113)

Y Y
Screened records: - Records not included
(n=2554) o Records removed with title (n=2426)
\J \
Retrieval requests for o Unretrieved reports
reports (n=128) o (n=0)
\J \/

Reports excluded:
> Records removed with abstract (n=121)
Records removed with methodology (n=2)

Reports assessed for
eligibility (n=128)

The studies considered
in the review (n=5)

Figure 1. The flowchart diagrams for screening and selection of studies according to PRISMA PHYSICAL TREATMENTS

Table 2. Exercise elements of IPPs

IPPS Stretching Strength Balance Plyometrics Agility Technique
S| * - - - - -
TPP * * * - - *
SIPP * * - * - -
11+ * * * * * *
11+kids * * * * - *

PHYSICAL TREATMENTS

Abbreviations: IPP: Intervention prevention program; SI: Stretching intervention; SIPP: Sport injury prevention program; TTP:
Trunk prevention program.
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Table 3. Characteristics of the included studies
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L Duration/Fre-
Study Subjects No. Mean Age (y) IPP cpP Flexibility " Outcome
quency/Time
Test
12 weeks - .
Azuma et al. ;:;Z: |é-2:;14 1G: 16.2 Sl Without the HBD, 3 sessions/week sﬁz:{i:tsmp:;’;-
(2020) [23] boy CG: 60 CG: 16.2 intervention SLR Se55|on.:20—30 for IG.
min
1G10: (10
Soccer 342 minutes: 10 months Improvement the S &
Rahlf et al. lavers 1G10: 175 1G10: 16.4 Modified Do not have S and RT, 2 sessions/week RT and WBLT in the
(2020) [26] P b\(/) ! I620: 167 1G20: 16.7 11+ 1G20: WBLT, TT session:10 and 1G20 and TT in IG10
v : 20 minutes 20 min &1G20.
11+)
Kayak- Significantly improved
canoe 103 6 months flexibility of knee and
Kiss et al. 1G: 50 (34 B, 1G: 15.22 CG: Usual train- . Y R
players, TPP . Kempf-test 5 sessions/week chest muscles in IG.
(2019) [24] . 16G) CG: 53 15.55 ing program . A o
Girl and (388,15 G) Session:30 min IG were significantly
Boy ! better than in CG.
Zarei et al. Soccer 42 1G: 12.13 CG: . Routine 10.weeks No sgnlflcant differ-
(2018) [27] players, IG: 19 1232 11+ for Kids warm-u S&RT 3 sessions/week ence in the S and RT
boy CG: 23 : P: Session:20 min between the groups.
Regular 6 weeks Flexibility was
Ortiz et al. Soccer 30 14<1G & CG practice BEP-VII‘ 2 sessions/week uncha!nged. Varied re-
players, IG: 14 SIPP and game electronic X sults in knee muscles
(2010) [25] ! <15 - Session: 20-25 .
girl CG: 16 scheduleas inclinometer min (approximately
previously improvement in IG).
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Abbreviations: IPP: Intervention prevention program; CP: Control program; IG: Intervention group; CG: Control group; SI:
Stretching intervention; HBD: Heel-buttock distance; SLR: Straight leg-raise; S and RT: Sit and reach test; WBLT: Weight-
bearing lunge test; TT: Thomas test; SIPP: Sport injury prevention program; TTP: Trunk prevention program.

girls [24] who were soccer players [23, 25-27], and 103
boys and girls who were kayak-canoe players [24]. The
number of 489 participants (459 boys and 30 girls) (76%)
received IPPs. The IPPs of these studies were stretching
intervention (without the use of any equipment) [23],
trunk prevention program (TPP) [24], sports injury pre-
vention program (SIPP) [25], FIFA 11+ and modifica-
tion FIFA 11+ [26], and FIFA 11+ for kids [27]. Table
2 presents a summary of the exercise elements of IPPs.
Normal and usual warm-up training was used in 4 stud-
ies [23-25, 27] and another study did not have a control
group [26]. The IPP duration was 6 weeks to 10 months,
the IPP frequency was 2 to 5 sessions per week, and the
time per session was 10-30 minutes. Outcome indicators
included the flexibility that was measured with heel-
buttock distance (HBD), straight leg-raise (SLR) (quad-
riceps femoris, hamstring and hip rotator muscles) [23],
Kempf-test (pectoralis major and quadriceps femoris)
[24], BEP-VLL electronic inclinometer (iliopsoas, rec-
tus femoris, hamstring and gastrocnemius) [25], Thomas
test (TT) (hip flexibility), sit and reach test (S and RT)
(hamstring and lower back flexibility) [26, 27], weight-
bearing lunge test (WBLT) (dorsiflexion range of ankle)
[26]. Table 3 summarizes the characteristics of the five
included studies.

Risk of bias assessment

The range of PEDro scores was from three to six out of
ten. The methodological quality of one study was “good”
[26], three studies were “fair” [23, 25, 27], and one study
was “poor” [24]. According to these PEDro ratings, the
five included studies have a low risk of bias (Table 4).

Main results

Most injury prevention programs (three out of five
articles) showed improvement in the muscle flexibility
of children and adolescents (significant improvement
between before and after the intervention). However,
Azuma et al. showed no significant difference between
IG and CG. The IG showed a significant improvement in
HBD (decreased) and SLR (increased) after the stretch-
ing intervention [23]. As a result, TPP, the flexibility of
the pectoralis major muscle on the right and left side im-
proved (decreased) significantly in IG, but no significant
change was observed in CG. Also, quadriceps flexibility
in IG showed a significant improvement (decreased),
although the change in the left leg of CG was not sig-
nificant, but it was significant in the right leg. The effect
of the program was significantly better in IG than in CG
[24]. The SIPP showed that the flexibility of the rectus
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Table 4. Study quality on the PEDro

January 2024. Volume 14. Number 1

Study 1 2 3 4 5 6 7 8 9 10 11 Total
Azuma et al. [23] Y Y N Y N N N N N Y Y 4/10
Rahlf et al. [26] Y Y Y Y N N N N Y Y Y 6/10
Kiss et al. [24] Y Y N N N N N N N Y Y 3/10
Zarei et al. [27] Y Y N Y N N N N N Y Y 4/10
Ortiz et al. [25] Y Y N Y N N Y Y N Y N 5/10

PHYSICAL TREATMENTS

Note: 1=Eligibility criteria and source; 2=Random allocation; 3=Concealed allocation; 4=Baseline comparability; 5=Blinding
of participants; 6=Blinding of therapists; 7=Blinding of assessors; 8=Adequate follow-up (>85%); 9=Intention-to-treat analysis;
10=Between-group statistical comparisons, and 11=Reporting of point estimates and variability.

Item 1 does not contribute to the total score.

femoris, hamstring, and gastrocnemius muscles did not
change significantly on the left side, but it showed im-
provement in flexibility on the right side, which had the
greatest effect on the gastrocnemius. The IG group ex-
hibited a significant increase in gastrocnemius muscle
flexibility [25]. A significant difference was observed in
S and RT and WBLT between the two 11+ programs,
with 10 minutes (IG10) and 20 minutes (I1G20). In IG20,
a significant increase was observed in the pre- and Post-
tests after 30 training sessions [26]. No significant differ-
ence was observed between IG and CG in S and RT [27].

Discussion

This systematic review was conducted to investigate
the effects of IPPs on muscle flexibility in children and
adolescents. We included five studies with 641 partici-
pants (580 boys, 61 girls), and the results showed that the
methodological quality of one study was “good” [26],
three studies were “fair” [23, 25, 27], and one study was
“poor” [24]. Similar studies face difficulties in achieving
blinding, concealed allocation, adequate follow-up, and
intention-to-treat analysis when the investigator actively
participates in the training. Therefore, we recommend
that in future research, both the researcher and the sub-
jects be blinded. Therefore, it is necessary to pay atten-
tion to double blindness, code names, careful design of
the program, use of experts, and continuous communica-
tion with the participants to improve the quality of the
evidence. The ratio of boy-to-girl samples was higher,
which may be due to the availability of boys, cultural
limitations for girls, or the chosen sports field in the stud-
ies since most studies were conducted on soccer players.
We hypothesize that greater risk factors, popularity, and
more media advertising were the reasons for choosing
soccer in most studies. The increase in girl samples and

diversity in the studied sports should be considered in
future studies. The results of the studies showed that the
IPPs were selected according to the type of sport studied
and the common injuries in those tasks, based on this,
tests to measure flexibility and related muscles have
been used. It is suggested to use and compare similar
programs and tests in future studies.

The results of the study showed that stretching train-
ing for 12 weeks (36 sessions) among boy soccer players
in IG improves muscle flexibility [23]. Review articles
reported that stretching decreases injury incidence and
musculoskeletal injury risk [34-38]. Therefore, stretching
exercises are one of the components of injury prevention
programs. The evidence on the effect of stretching exer-
cises on muscle flexibility is conflicting. In this regard,
Magnusson et al. reported that 10 static stretches during
3 weeks (21 sessions) for each stretch of 45s in women
do not affect the stretching properties of hamstrings;
also, Klinge et al. showed the same result with 4 static
stretches, twice a day, during 13 weeks (182 sessions)
[39, 40]. However, Mahieu et al. stated that after 6 weeks
of a stretching program consisting of five static and bal-
listic stretches (20s stretch, 20s rest), a significant reduc-
tion in passive stiffness in plantar flexors occurred [41].
According to the above-mentioned evidence, the effect of
stretching training on muscle flexibility to prevent sports
injuries depends on factors, such as intensity, duration,
frequency, type of stretching, and the gender, level of ac-
tivity, and individual characteristics of the subjects stud-
ied, which should be considered in future studies. The
results of this literature review are consistent with studies
conducted by Coledam et al. [42], Needham et al. [43],
and Mayorga-Vega [44]. However, they diverge from the
research conducted by Faigenbaum et al. [45], Pearce et
al. [46], and Duncan et al. [47]. This disparity can be at-

Mahmoudi F, et al. Effects of Injury Prevention Programs on Muscle Flexibility. PTJ. 2024; 14(1):11-22
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tributed to factors, such as the focus on non-athlete chil-
dren and youth and the examination of acute effects or
specific types of flexibility in their studies.

After the trunk prevention exercise program (correct
posture, stretching, static exercise on an unstable sur-
face, dynamic exercise on a stable surface, resistance ex-
ercise, proprioceptive exercise) on the kayak-canoe boy
and girl athletes for 6 months (5 d/w, 30 min), the muscle
flexibility of the left and right pectoralis major in the IG
improved significantly, but in the CG, it changed, but not
significantly. Muscle flexibility of quadriceps femoris in
IG, the distance of the heel, and the ischial tuberosity
on the left and right leg significantly reduced, in CG on
the left the change was not significant, on the right leg
it was significant. Comparing the two groups after the
program, the results of the IG were significantly better
than those of the CG [24]. The stretching program in-
cluded the hip flexor, hip extensor, and pectoralis major
muscles [24]. No evidence was found regarding the ef-
fect of the trunk injury prevention program on flexibility,
but this program examines the core muscle more [24].
In a study on female professional golfers, Kim showed
that 12 weeks (3 d/w, 60 min) of core training had a posi-
tive effect on flexibility [48]. Although the sample size in
Kim’s study was small, the results were similar to Kiss’s
study [24, 48]. Considering that trunk prevention exer-
cises focus more on the trunk muscles and the studies
conducted are on sports where the trunk muscles are cru-
cial, the sex and level of physical fitness of the subjects
are significant. Although the exercises were different in
terms of follow-up and prevention time, it is suggested to
be done with different intensity, duration, and frequency
in the next research.

Sports injury prevention program on female soccer
players for 6 weeks (2 d/w) had no significant effect
on muscle flexibility (rectus femoris, hamstring, gas-
trocnemius) on the left side, but it was significant on
the right side. The most significant length was gastroc-
nemius muscle. In CG, a significant increase occurred
only in the gastrocnemius muscle flexibility [25]. Lim
et al. reported that an 8-week (20 min) injury preven-
tion program in female basketball players increased flex-
ibility [49]. The SIPP included stretching, strength, and
polymetric exercises of the lower limbs, which, despite
stretching exercises, is expected to have a positive effect
on muscle flexibility. According to the research results,
the sample size, dominant/non-dominant leg, and inten-
sity, duration, and frequency of the program play a role
in improving flexibility. It is to do this program for boys
and other sports.

PHYSICAL TREATMENTS

In a study conducted by Rahlf et al. on the effect of
the 11+ program on boy soccer players in two groups
(INT10, INT20) with different durations (10 min, 20
min) for 10 months (2 d/w), they stated that 11+ with
a duration of 20 min had a positive effect on flexibility
compared to 11+ with a time of 10 m [26]. Arede et al.
reported that 11+ for 6 weeks (2 d/w) improves flex-
ibility in boy soccer players [50]; although in the study
conducted by Zarei et al., the effect was not significant
[51]. FIFA 11+ comprises 15 distinct workouts, includ-
ing six running exercises, three body stability exercises,
two strength exercises, one jumping exercise, and three
cooling-down exercises. Although 11+ excludes stretch-
ing exercises, the results showed that it has a positive ef-
fect on flexibility. According to the results of the studies,
11+ with less duration and number of sessions had less
effect than 11+ with more duration, and this indicates that
the duration, and frequency of the program are effective
on the flexibility, which should be given more attention.

The 11+ kids program for 10 weeks (3 d/w, 20 min)
on boy soccer players showed no effect on flexibility
[27]. Tseng et al. stated that 11+ kids for 8 weeks (5 d/w)
improves flexibility in elementary school students [52].
Anam et al. showed that 11+ kids have a significant in-
crease in the muscle flexibility of boy soccer players in
12 weeks (2 d/w) [53]. The reason for the inconsistency
in the results may be the level of activity and number of
samples, the duration, and frequency of the program.
Also, the 11+ Kids program does not have stretching ex-
ercises and focuses more on coordination, balance, land-
ing technique, strengthening the leg muscles, and core
stability muscles and is for children under 13 years old.
Perhaps the reason for not being significant is the lack of
stretching exercises in the program, although, in a meta-
analysis, Alizadeh et al. showed that resistance training
alone improves range of motion, this improvement was
not significantly different compared to stretching training
alone [54], and this means that more studies should be
conducted in this field. Therefore, it is essential to pay
attention to the activity level of the samples and their gen-
der and frequency and duration program in future studies.

Conclusion

Injury prevention programs can improve the muscle
flexibility of children and adolescents (significant im-
provement between before and after the intervention),
although no improvement was observed in the control
group. Therefore, factors, such as duration, frequency
and intensity of the program, gender, activity level, type
of sport, and sample size are decisive in muscle flexibil-

ity.
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Limitations

Considering the diversity of injury prevention pro-
grams (for example, 11+ and 11+ kids, etc.) and search-
ing with the keyword “prevention program”, using two
databases for searching, it some articles may not have
been used in this study. Another limitation that can be
stated is that due to the variety of preventive programs
in this study and the non-similarity of the programs and
tests to measure flexibility, statistical analysis of the im-
pact of the programs on flexibility was not possible. The
current systematic review only includes articles in lan-
guage English, which limits the language in the search
strategy and the number of articles, therefore, it is sug-
gested to use different languages in future studies.
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