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Abstract

Background Although previous studies have reported that proprioceptive training methods (PTM) have positive
effects, there is a relatively small number of studies regarding the impact of PTM in women's soccer. Therefore, there
is a need to systematize the given results. In this regard, this systematic review aimed to investigate the effect of
proprioceptive training methods in female soccer players.

Methods The studies’search and analysis were done according to the PRISMA guidelines. The following databases
were checked (Google Scholar, PubMed Cochrane and ProQuest), with additional publication time criteria (2000
2023) using the following keywords: proprioceptive, balance, neuromuscular, training, exercise, intervention, method,
activity, female football players, female soccer players, woman soccer players.

Results A total of 7 studies were included in the quantitative synthesis that meet all the criteria with the number of
participants being 2.247. Based on the analysis of the previous research and detailed discussion, the main findings

of the study resulted in the partial improvement of explosive strength (66%), strength (50%), muscle imbalance and
flexibility (50%) and the prevention and reduction of lower extremity injuries in female soccer players (60%). Only one
study reported no significant differences between groups, where rate of major injuries was higher in experimental
group.

Conclusion The obtained results indicate the necessity to implement proprioceptive training in female soccer
training programs, in order to influence the prevention and reduction of injuries and improve balance, proprioceptive
ability and body control.

Key points

- PMT can be used in women's soccer as an excellent weekly training strategy.

- PTM reduces lower extremity injuries and improves explosive strength, strength, agility and muscle imbalance in
female soccer players;

- PMT should be an essential part of training programs to prevent injuries and improve athlete’s performance.
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Introduction

Proprioception is the sensitivity of the central nervous
system (CNS) to the information it receives from bones,
joints, and muscles regarding their position and muscle
tone [1]. It is a complex neuromuscular process that deals
with kinesthetic awareness of body position and plays
an important role in joint stability and injury preven-
tion [2—4]. The basic principle on which proprioceptive
training methods (PTM) are based is the stimulation of
maintaining balance in different positions or during dif-
ferent movements [2]. The goal of PTM is to enhance the
kinesthetic sense of the body position and body parts in
space, increase the amplitude of movement in the joints,
improve balance, and strengthen the ligamentous-tendon
apparatus [5, 6]. The programs focused on restoring bal-
ance and proprioception have also been referred to as
sensorimotor and neuromuscular training [7]. PTM is
frequently used in prevention and rehabilitation through
exercises such as balancing on a board with eyes open or
closed, throwing and catching a ball while standing on
one leg, and so on [2, 4].

Soccer requires various skills such as speed, coordina-
tion, endurance, and agility at varying intensities, as well
as a wide range of motor movements including jumps,
space disputes, and changes of direction. As a result of all
of these demands, injuries happen throughout the entire
season due to physical contact, sprains and muscle over-
load [8]. Understanding the intricate relationship among
neuromuscular control and training load is critical for
identifying players at high risk of injury and developing
effective preventative techniques [9]. Previous research
has shown that PTM can be effective in improving ankle
stability, reducing ankle injuries [10, 11], and enhancing
joint position sense, postural sway, and dynamic neuro-
muscular control [12]. For example, a study conducted
by Hiibscher et al. [13] found that PTM resulted in a 39%
reduction in lower extremity injuries and a 50% reduc-
tion in ankle sprain injuries. In soccer specifically, there
is a systematic review that shows that PTM increases
the proprioceptive ability and improves body control of
professional soccer players [14]. Additionally, PTM has
been found to be effective in preventing lower extrem-
ity injuries in soccer players, according to a study by
Ojeda, Sandoval & Barahona-Fuentes [15]. Furthermore,
the development of PTM can affect technical skills such
as juggling, shooting, heading, passing, and dribbling,
showing an overall improvement in neuromuscular coor-
dination, proprioception, and balancing capacities [16].

However, it is worth mentioning that most of these
studies have focused on male soccer players, and there is
a lack of research on the effects of PTM in female soc-
cer players. Although there are some individual studies
on the impact of PTM in women’s soccer, the results are
not consistent, which highlights the need for a systematic
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review to synthesize the existing research and provide a
more comprehensive understanding of the effectiveness
of PTM in female soccer players. Therefore, the aim of
this study is to conduct a systematic review to investigate
the effect of proprioceptive training methods in female
soccer players. This study is expected to contribute to the
knowledge base on PTM in female athletes and inform
the development of effective injury prevention and reha-
bilitation programs.

Methods
Literature identification
This study was conducted in regard to the PRISMA
guidelines [17, 18]. In order to realize the literature iden-
tification, multiple databases (Google Scholar, PubMed
Cochrane and ProQuest), with additional publication
time criteria (2000—2023) were taken into consideration.
To identify the relevant studies that have reported pro-
prioceptive training methods in female soccer players, in
mentioned databases were used the combinations of the
following keywords: (,proprioceptive OR ,balance” OR
»neuromuscular” OR ,vestibular sense“ OR ,stability“ OR
»equilibrium“ OR ,stabilization) AND (,training“ OR
»exercise“ OR ,intervention“ OR ,method” OR ,activity®)
AND (,female football players” OR ,female soccer play-
ers“ OR ,female footballers OR ,woman soccer players®).
After the initial identification, study evaluations were
conducted. A descriptive method was used and all titles,
abstracts, and full-text articles were reviewed for possi-
ble inclusion. Two authors were independently conduct-
ing a study search and evaluation, with the references
list from previously assessed studies. Then, each author
cross-examined the all identified literature and from that
search point, studies were included for further analysis or
excluded.

Inclusion criteria

Eligibility criteria were presented according to the PICO
model for eligibility criteria (participant, intervention,
comparison, and outcome) [19]. In order for the study to
be included in the final analysis, it was necessary that the
study satisfies the following inclusion criteria: a full-text
study in English, that have published between 2000 and
2023, the experimental studies that have included healthy
female soccer players as participant sample, and that par-
ticipants were tested for their balance or proprioceptive
abilities. Exclusion criteria were studies that have had
injured participants. In addition, studies where proprio-
ceptive training was used in a manner of injury recovery
were not taken for further analysis.

Risk of bias assessment
The PEDro scale was used to assess the potential bias risk
[20]. Two authors (B.K. and M.S.) were independently
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conducting the mentioned, whereas the authors’ con- Wio v © v w1 ¥ o
cordance was estimated using k-statistics data. If a dis-
agreement happened, the competent third author (I.C.)
was giving the final decision. The k rate of concordance
between reviewers’ findings was k=0.96. bl

Data extraction

The relevant information was retrieved only after cross-
examination and if the data was suitable with the study’s
aim. Following, the Cochrane Consumer and Commu-
nication Review Group’s [21] was used to extract the
information, such as first author and year of publication,
sample size and age, study duration, program type, inten-
sity, frequency with training duration, along with the
study outcomes and results.

10

Results

Quality of the studies

Based on the points each study received on the PEDro
scale, the final study evaluation results were defined.
According to Maher et al. [22] a score between 0 and
3 points will classify that study as “poor” quality, 4-5
points as “fair” quality, 6—8 points as “good” and 9-10
points as “excellent” quality. Of all studies included in
this systematic review, 4 studies showed fair quality, and
3 studies showed good quality, which is shown in Table 1.
The average score of all studies is 5.3, which means fair
quality.

Study selection and characteristics
A search of electronic databases and a review of study
reference lists yielded a sum of 3171 studies. Following an
assessment of the duplicates, 216 studies were excluded.
After removing the duplicates, the inclusion criteria were
analyzed and only 175 studies were considered eligible,
with 168 of them being further rejected due to in-depth
checks, non-relevant results, editorials, and executive
summaries. Finally, seven full-text studies were consid-
ered appropriate for the systematic review (Fig. 1).
Furthermore, eligible studies that have included in the
systematic review were also, more precisely, presented in
Table 2. N> =Z > 2 2 Z >
All studies that met the inclusion criteria were original
scientific studies published in English between 2000 and
April 2023. The total number of samples was 2247 female
subjects, where the largest number of subjects was in the
study of Soligard et al. [25] and the smallest in the stud-
ies of Gidu [27] with 18 participants and Rodriguez et al.
[28] 20 participants. The age of the participants ranged
from 13 to 26 years. The longest third process lasted 3
years [26], and the shortest 6 months [27]. Prevent inju-
ries and improve performance and proprioceptive train-
ing was the most effective. The majority of the studies
revealed significant differences between the groups after

Criterion
Legend: 1—eligibility criteria; 2—random allocation; 3—concealed allocation; 4—baseline comparability; 5—blind subject; 6—blind clinician; 7—blind assessor; 8—adequate follow-up; 9—intention-to-treat analysis;

10—statistical analysis; 11—point estimates and variability; Y—criterion is satisfied; N—criterion is not satisfied; —total awarded points

Table 1 Pedro scale results

Knobloch et al. [21]
Soligard et al. [22]
Kraemer et al. [23]
Rodriguez et al. [25]
Souglis et al. [26]

Soderman et al. [20]
Gidu [24]

Study
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Removed studies before
screening:
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Fig. 1 Process of identifying studies for the systematic review

the interventions Knobloch et al. [24], Soligard et al. [25],
Kraemer et al. [26], Gidu [27], Rodriguez et al. [28], Soug-
lis et al. [16]. However, one publication showed no sig-
nificant effect of proprioceptive training on balance [23].

Effects of PTM on performance

The effects of PTM on performance were examined in
five studies [16, 23, 24, 27, 28]. Interventions were effec-
tive in improving explosive strength [24, 27], maximal
strength [28], balance and flexibility [24], as well as agility
[16]. Conversely, some studies showed no positive effects
on explosive and maximal strength [28], as well as bal-
ance and flexibility [23].

increased sensitivityand in-
deepercheck (n=102)
Studies with nonrelevant
outcomes (n=62)
Editorials(n=0)

Executive summaries(n=4)

Effects of PTM on injury reduction and prevention

The effects of PTM on injury reduction and prevention
were investigated in five studies [23, 26, 28]. In three
cases, the aforementioned type of training had a positive
effect on injury reduction and prevention [24, 26], in the
remaining two studies, proprioceptive training did not
affect the reduction of overall injuries [23, 28].

Discussion

The aim of this research was to gather relevant studies
on the effects of proprioceptive training on motor abili-
ties and injury reduction in female soccer players. The
main findings of the study highlight a partial impact of
PMT on motor abilities and injury reduction and preven-
tion. The partial impact of PTM interventions includes
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Table 2 Studies included in the qualitative analysis
First author Participants Dura-  Program Measured Results
and year of Age Num- tion (type, intensity frequen- outcomes g C
publication (Years) ber (weeks) cy, training duration
and
groups
Sodermanetal. 205+54 E-121 12 10-15 min of training ACL ACLe ACLe
(2000) [23] C-100 on a balance board, five MCL MCLe MCLe
exercises with progres- LCL LCL & LCL &
sively increasing degree of
difficulty, 3x 15 s on each
leg, 3 x week
Knobloch etal. 19-23 E-24 All proprioceptive training; LLG LLG?
(2005) [24] season  Balance-Board-Training RLS RLS?T
Soligardetal.  13-17 c837 8 FIFA 11+ program includ-  Injury E group showed The risk
(2008) [25] E-1055 months ing three levels of balance (foot, ankle,  significantly lower risk of injuries overall of injury
exercises in single-leg lower leg, (0.68,0.48 to was 35%
stance: L.1 hold the ball, knee, thigh,  0.98), overuse injuries (047, 0.26 to 0.85), higherin
L.2 throwing the ball with  groin, hip) and severe Cgroup.
a partner and L.3 test your injuries (0.55, 0.36 to 0.83).
partner
3 x week
Kraemeretal. 21+4 E-24 3years  ‘“protective balancing” Hamstring, (43%) gastrocnemius strains
(2009) [26] principles, 15and 30 s, 1 (38%) and back muscle (43%) injuries
X week reduction.
There was no effect on contact injuries.
Gidu (2016) 207+45 18 6 15 min of Hop test- Sle Sle
[27] proprioceptive exercises, consists of S21 S2e
2 X week five kinds of ~ S3t S3e
jumping sS4t S4e
S51 S5
Rodriguezetal. 186+2.7 E-20 24 PEP program, 3 x week, Vertical jump RQ1*
(2018) [28] 20 min Muscle LQT*
strength RHT
Kneevalgus  LH?T
alignment
Souglis et al. 269+£29 E-24 16 PTIP, 20 min, 5 x week VO, max VO, max 1% VO, max 1
(2022) [16] C-24 JT T Te
ST STT* STe
PT PTT* PTe
SD SD1* SD<

Note: N-total number of participants; E-experimental group; E-experimental group ; 2; C-control group; 1-statistical significance (p<0.05); 1*-statistical significance
(p<0.01); |-statistical decrease (p<0.05); | *-statistical decrease (p<0.01); «&-maintaining results; S1 - vertical jJump; S2 - hop for distance; S3 - drop jump followed by a
double hop for distance; S4 - square hop; S5 - side hop.; RQ - Right quadriceps; LQ - Left quadriceps; RH - Right hamstrings; LH - Left hamstrings; PTIP - Proprioceptive
Training Intervention Program; JT - Juggling tests; ST - Shooting test; PT - Passing tests; SD - Speed dribbling; Star Excursion Balance Test (SEBT); ankle dorsiflexion
(ADF) and plantarflexion (APF) ; leg extension (LE) and flexion (LF) hip extension (HE) and flexion (HF); ACL anterior cruciate ligament injury, MCL medial collateral
ligament injury, LCL lateral collateral ligament injury); PEP- prevent injury and enhance performance; LLG- coordination on the left leg gyroscope; RLS-coordination

right leg on the spinning

improvements of 66% in explosive strength, as well as
50% in maximal strength, balance, and flexibility. Regard-
ing the impact of PTM interventions on injury frequency;,
a partial reduction (60%) in injuries among female soccer
players after the intervention was observed. Prior men-
tioned PTM with varying duration, intensity, and fre-
quency resulted in overall improvements in female soccer
players.

Effects of PTM on performance
The effects of PTM on performance were presented
in five studies [16, 23, 24, 27, 28]. In three studies, the

influence of proprioceptive training on strength modali-
ties was examined [24, 27, 28]. These studies analyzed
the impact of PTM on explosive strength of the lower
extremities. Two studies found that proprioception
influenced explosive strength of the lower extremities as
observed through jump performances [24, 27]. However,
in the study by Rodriguez [28], significant positive effects
on vertical jump between initial and final measurements
were not achieved. This indicates a success rate of 66% for
the influence of proprioception on explosive strength of
the lower extremities in female soccer players. Our find-
ings are consistent with those of Chappell et al. [29], who
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argue that neuromuscular training significantly improves
sports performance in jump tests. It should be noted
that there were no significant positive effects on explo-
sive strength of the upper extremities, assessed based on
medicine ball throws [24], which is somewhat expected
as the focus of the training process was on the lower
extremities of the soccer players. In the only study [28]
where authors investigated maximal force of the lower
extremities, improvements in quadriceps and hamstring
muscle strength of the right leg were found after the
intervention, while there was no significant difference in
the same parameters for the left leg, indicating a success
rate of 50% (2 out of 4 parameters) for proprioception on
maximal force of the lower extremity muscles in female
soccer players. In two studies [23, 24], the authors exam-
ined the impact of PTM on balance and flexibility. Knob-
loh et al. [24] found that the experimental group achieved
significantly better results in balance and flexibility tests
compared to the control group. Conversely, in the study
by Soderman et al. [23], no significant positive effects
were found in the mentioned motor abilities. It can be
concluded that this program has a relative success rate
(50%) on balance and flexibility. One study investigated
the impact of PTM on agility, and it was concluded that
the intervention group achieved better effects on agility
than the control group.

Based on these findings, it can be concluded that pro-
prioceptive training has a partial positive impact on
motor performance in female soccer players. However,
PTM alone may not be sufficient for the development of
motor abilities, and it should be used in conjunction with
other training methods. These findings should be inter-
preted with caution due to the small number of included
studies. Except for explosive strength, which was the sub-
ject of three studies, other motor abilities were examined
in only one or two studies, which is insufficient to draw
precise conclusions.

Effects of PTM on injury reduction and prevention
The impact of proprioception on the frequency of inju-
ries in female soccer players was examined in 5 studies
[23-26, 28]. Significant reduction in injuries after pro-
prioceptive training was found in three studies [24—26].
Conversely, in the remaining two studies, proprioceptive
training did not affect the reduction of overall injuries
[23, 24, 26-28]. Here, it could be argued that there is a
60% success rate of the given PTM in reducing injuries
among female soccer players. It should be noted that the
reduction in overall injuries in these studies varied con-
siderably, from 35% in the Soligard study [25] to 65% in
the Kraemer study [26], up to 400% as reported in the
Knobloch study [24].

Results in men’s soccer following “balance training’,
show that the incidence of anterior cruciate ligament
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(ACL) injuries have been dramatically reduced [30].
Two studies classified injuries according to severity [23,
25]. In the Soligard study [25], a positive effect of PTM
on reducing major injuries was found, with 50% fewer
major injuries reported among female soccer players
after the intervention. In contrast, in the Soderman study
[23], there were significantly more major injuries after
the intervention compared to the control group, while
there was no difference in minor and moderate injuries
between the groups. This is the only parameter in which
PTM showed significantly negative effects, so the reasons
for such findings should be investigated. However, there
were significant reductions in a number of secondary
outcome variables, including cessation of serious injuries,
overuse injuries, and total injuries. Previous intervention
trials have emphasized core stability, balance, and neuro-
muscular control, as well as hip control and knee align-
ment to reduce excessive knee valgus during static and
dynamic movements [30-35].

By analyzing the nature of injuries, the authors
reported that non-contact injuries accounted for 72—-73%
of total injuries, while 27-28% of injuries occurred due
to a contact with opponents [23, 24]. Consistent with
this division, Kraemer [26] reported that PTM reduced
non-contact injuries by 63%, while there was no effect
of the intervention on contact injuries. Regarding lower
extremity muscle injuries, Kraemer [26] found a reduc-
tion in hamstring muscle injuries by 43% and gastroc-
nemius injuries by 38%. In ligaments and tendons,
reductions were observed in patellar tendon injuries by
50%, Achilles tendon injuries by 90%, and knee strain
injury rates by 95%, with only ankle sprain injury not
showing a decrease in frequency after the intervention.
The risk of hamstring muscle injury among professional
soccer players was considerably higher in individuals
with untreated strength imbalances than players with no
imbalance in preseason [36]. However, it should be noted
that ankle sprain is the most common injury in female
soccer players [23], indicating the importance of this
data. Additionally, Kraemer [26] also found a significant
correlation between the hours spent on PTM training
and the reduction of injuries, where players who spent
more hours doing PTM had a lower injury frequency.

Based on the provided findings, it is noticeable that
PTM can be an important tool in the prevention and
reduction of injury frequency among female soccer play-
ers. This observation mainly relates to the reduction of
non-contact injuries concerning the muscular and liga-
mentous apparatus.

The strengths of this systematic review include that it
provided deep insight into proprioceptive training meth-
ods in various qualitative levels of female soccer players
completely supported by the previous studies. Also, it can
be noted that this study provides extension of existing
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body of knowledge especially in identification of possible
relations of PTM and reduction of injuries.

One of the limitations of this particular study is the
small number of research (7) included in the final anal-
ysis. However, it is important to keep in mind that the
selection criteria were established to ensure that only
relevant and high-quality papers were included in the
analysis. Despite this limitation, the study can still pro-
vide valuable insights and contribute to the existing body
of knowledge on the topic. It is also possible for future
research to build upon the findings of this study and
expand the sample size to include more papers that meet
the selection criteria. In the following, we could conclude
that there is a real need for a meta-analysis in this field,
which will fill gaps in the literature and provide more
specific answers to the questions about the aforemen-
tioned type of training.

Conclusion

In conclusion, lower limb balance and strength are
important in soccer and should be built and maintained
through proper training methods. Proprioceptive train-
ing has shown to be effective in improving athletic per-
formance, reducing muscle injuries, and improving
neuromuscular coordination, proprioception, and bal-
ance capabilities. However, not all intervention programs
have shown significant benefits, and results may vary
depending on the type and duration of the training. Stud-
ies have emphasized the importance of balance, neuro-
muscular control, and proper knee alignment to reduce
the frequency of injuries. Overall, proprioceptive training
should be an essential part of sports training programs to
prevent injuries and improve athletic performance.
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