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Abstract

Introduction: Speed is a key performance factor in football. While traditional training emphasi-
zes strength and power, proprioception—the body’s awareness of position and movement—
supports balance and neuromuscular control, which are essential for efficient movement.
Objective: This study aimed to assess the effects of a 6-month proprioception training program
on linear and change-of-direction speed in 17-year-old male football players.

Methodology: A randomized controlled trial was conducted with 62 adolescent male footba-
llers. The experimental group received proprioceptive training focusing on ankle, knee, and hip
joint stability, integrated into their regular sessions. The control group continued standard foot-
ball training. Speed and agility were tested before and after the intervention. Data were
analyzed using paired and independent t-tests, with significance set at p < 0.05.

Results: The experimental group showed significant improvements in both linear and change-
of-direction speed after six months. The control group did not demonstrate notable changes.
Post-test comparisons revealed statistically significant differences between the groups (p <
0.05), favoring the experimental group.

Discussion: Performance gains in the experimental group likely resulted from improved neuro-
muscular coordination, joint stability, and movement efficiency due to proprioceptive training.
These adaptations may contribute to faster, more controlled sprinting and directional changes.
Conclusion: A 6-month proprioception training program effectively enhances speed perfor-
mance in adolescent football players. Incorporating such training into youth development pro-
grams is recommended to support optimal athletic performance.

Keywords
Football; performances variables; proprioceptive training; speed.

Resumen

Introduccidn: La velocidad es un componente esencial en el rendimiento futbolistico. Aunque
el entrenamiento tradicional se enfoca en la fuerza y la potencia, la propiocepcién—Ia capaci-
dad del cuerpo para percibir su posicién y movimiento—es clave para el equilibrio y el control
neuromuscular, factores determinantes en la eficiencia del movimiento.

Objetivo: El objetivo de este estudio fue analizar los efectos de un programa de entrenamiento
propioceptivo de 6 meses sobre la velocidad lineal y la velocidad de cambio de direccién en
futbolistas adolescentes de 17 afios.

Metodologia: Se llev6 a cabo un ensayo controlado aleatorizado con 62 futbolistas varones de
17 afios. El grupo experimental realizé entrenamiento propioceptivo enfocado en la estabilidad
del tobillo, rodilla y cadera, mientras que el grupo control siguié su rutina habitual. Se midié el
rendimiento en velocidad y agilidad antes y después, utilizando pruebas t pareadas e indepen-
dientes (p < 0,05).

Resultados: El grupo experimental mostré mejoras significativas en la velocidad lineal y de
cambio de direccidn tras seis meses, mientras que el grupo control no presentd cambios rele-
vantes. Se observaron diferencias significativas entre grupos en las mediciones postest (p <
0,05).

Discusion: Las mejoras se atribuyen a un mayor control neuromuscular, equilibrio y estabilidad
articular derivados del entrenamiento propioceptivo, lo que optimiza la ejecucién de movi-
mientos rapidos y precisos.

Conclusién: Un programa de propiocepcion de 6 meses mejora significativamente el rendi-
miento de velocidad en jovenes futbolistas, por lo que se recomienda su inclusién en los planes
de desarrollo deportivo juvenil.

Palabras clave

Entrenamiento propioceptivo; futbol; pruebas de velocidad; variables de rendimiento,
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Introduction
___________________________________________________________________________________________________________________________|
Football, a globally popular sport, demands explosive movements like kicking, tackling, jumping, sprint-
ing, and rapid changes in direction, requiring strong muscular effort and driving force for players (Hasan
et al., 2024). The scientific study of football, dating back to the 1970s, has significantly developed, with
its influence on daily practices in football organizations, particularly elite teams, often overlooked
(Drust & Green, 2013). Football academies are vital institutions in developing athletes for competitive
excellence, requiring a unique combination of physical and technical skills (Saputra et al., 2025). Soccer
is a team sport with intermittent high intensity, requiring players to repeatedly perform sprints with
short recovery periods (Maciel et al., 2024). Football requires players to possess cognitive abilities such
as quick decision-making and rapid reaction times, which are traditionally developed through physical
training, tactical drills, and match experience (Swamynathan et al., 2025). Soccer, as an acyclic sport, is
influenced by technical, tactical, physiological, biomechanical, and psychological factors, emphasizing
the need to maintain these variables at reasonable levels (Hermosilla et al., 2024). Football has various
factors that affect achievement, including physical condition, technique, tactics and mentality (Nurcahyo
etal, 2025). Personality is crucial for long-term success and relationship maintenance, and understand-
ing an athlete's personality type is vital for performance, including football, and predicts long-term suc-
cess (Kurniawan et al., 2024). Existing literature underscores the transformative impact of integrating
quantitative and qualitative player statistics in the identification and development of football talent
(Yunus & Aditya, 2024). Evaluating technical skills throughout a soccer match can provide valuable in-
sights to enhance soccer players employability across various match stages and aid in the development
of specific training methodologies (de Pablo et al., 2024). Football is particularly important due to its
complex physical skill exercises and intensity (Ali et al., 2024). Training load is defined as the total in-
tensity, volume, and type of physical activity that athletes must perform during training and competition
(Apriantono et al., 2024). Adolescent football players may enhance flexibility and agility for competi-
tiveness, but early sports specialization and training don't guarantee success or future athletic success,
and adolescent years pose unique injury risks (Brown et al., 2017). Athletes require hip and trunk mus-
cle strength for stability in all three planes of motion, with lumbar spine stability influenced by trunk
loading direction and magnitude (Leetun et al., 2004). Athletic development involves youth training in
health, skill, and performance components to improve performance, reduce injury risk, and enhance
confidence (Lloyd et al., 2015). Resistance training in youth aged 6-18 improves muscular strength,
power, running speed, endurance, dynamic balance, flexibility, and general motor performance, making
them more resistant to injuries (Zwolski et al.,, 2017). Modern soccer demands high-intensity move-
ments for performance, requiring players to maintain short distances and constant movements, tackles,
sprints, direction changes, and pressure in all positions (Lee & Joo, 2024). Soccer players' ability to pro-
duce high-speed actions significantly impacts match performance (Little & Williams, 2005), categorized
into acceleration, maximal speed, and agility. Professional soccer players cover 10-12 km during
matches, with high intensity actions occurring almost 1 km and sprinting intensity over 200m (Castillo
etal., 2021). Soccer players travel an average of 10 km at 70% VO2max intensity, with sprints, acceler-
ations, direction changes, jumps, and shoots determining success and discriminating between elite and
lower categories (Hermosilla-Palma et al,, 2024). For pre-youth soccer players, substituting physical
training with technical, tactical, and physical training improves bioadaptive performance and poten-
tially improves final performance (Burgos Angulo et al., 2024). Proprioceptive training is a form of ex-
ercise that focuses on improving proprioception (Yilmaz et al., 2024). Proprioception is the brain's con-
trol of movement, integrating sensory signals from mechanoreceptors, and aids in understanding our
environment by identifying, organizing, and interpreting sensory information (Han et al., 2016), which
is crucial for joint stability and injury prevention (Riva et al,, 2016). Proprioceptive feedback is a fast
and predictable source of information that can be used for optimizing movement patterns, as it is related
to metabolic energy expenditure and the mechanical state of the body (Dean, 2013). A study identifies
two key principles for proprioception: combined afferent response provides movement information,
and signals are interpreted in terms of limb endpoint dynamic displacement (Proske & Gandevia, 2012).
Research shows proprioceptive training effectively prevents ankle sprains in team athletes, but not as a
sole prevention for knee injuries (Virto et al.,, 2024). Training the proprioceptive sense is a potential
therapy for improving motor function and neural control, but its effectiveness is unclear due to differing
definitions and potential for both conscious and unconscious aspects (Aman et al.,, 2015). Proprioceptive
training enhances neuromuscular control, balance, and coordination, enabling athletes to adapt to rapid
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changes in movement and environment (Eraslan et al., 2025). Balance, postural control or equilibrium
are definitions used to describe how we keep our body in an upright position and, when necessary, ad-
just this position (Bendo et al., 2014). Equilibrium is described as the ability to maintain the body’s po-
sition within its base of support (Bendo et al., 2023a). Equilibrium tests on force plate are used to assess
balance ability and athletic performance, focusing on static balance, which involves maintaining a stable
position with minimal movement, and dynamic balance, which involves performing tasks on unstable
surfaces (Hrysomalli, 2011). The ability to maintain a stable posture while contacting the ball is rather
important for the players’ performance in the match (Bendo et al., 2023b). Sports experts recommend
Proprioceptive Neuromuscular Facilitation (PNF) techniques for improving muscle elasticity, joint
range of motion, peak torque, and muscle strength in static and dynamic stretching methods (Al Hazmy
etal., 2025). Physical capacity and technique are crucial for a player's performance, as they cover 10-13
km, requiring aerobic and anaerobic demands, agility, flexibility, strength, and muscular power (de
Souza et al, 2025). A meta-analysis comparing strength and power training programs on muscle
strength, power, and speed, incorporating progressive power training into a well-rounded program
with other strength and conditioning (Behm at el,, 2017). It is observed that midfielders cover the most
distance in training, and older, experienced players have lower subjective perception of effort compared
to younger, less experienced players (Rodriguez et al., 2024). Agility is a crucial skill in sports, involving
rapid whole-body movement in response to stimuli, including change of direction ability for predeter-
mined tasks without stimulus reaction (Young et al., 2021). Achieving and maintaining postural balance
requires intricate coordination and integration of various sensory motor and biomechanical factors
(Bendo & Brovina, 2024). The researchers have concluded that using exercises within the training cur-
riculum positively impacts the development of extraordinary agility and skill performance in football
(Mohammed et al., 2025). A major priority for both athletes and coaches is improving athletic perfor-
mance, especially in physically demanding and dynamic sports like football. Speed is essential for suc-
cess in football and involves rapid changes of direction, acceleration, and agility. This traditional line of
training emphasizes the development of strength and power, but there is increasing information sug-
gesting that proprioception is a fundamental element of athletic skills, such as sprinting. Our body's
proprioceptive receptors play a key role in joint stability, coordinating movement, and facilitating eco-
nomical muscle contractions-speed building components. Thus, the objectives of the present research
were to investigate the effects of a 6-month proprioceptive training program on linear sprinting and
change-of-direction speed performances in 17-year-old male football players as well as to assess poten-
tial differences compared to a control group using traditional training methods. The hypothesis of the
study is that the experimental group who received the 6-month proprioception training program will
have significant improvements in linear and change-of-direction speed performance behaviors than
those subjects in the control group who received regular football training.

Method
'

Study design

This study used a parallel group, randomized controlled trial (RCT) to evaluate the effects of a proprio-
ceptive training program on speed of performance. The participants were randomly allocated in an ex-
perimental group which performed the 6-month proprioceptive-training program and in a control-
group practicing a standard football-training program. Participants are male adolescent footballers (ap-
proximately 17 years of age) who participate in competitive school-based football in the Republic of
North Macedonia. Although the sample (N = 62) came from one institution (Drita’ high school in
Kichevo), it is considered as representative of such a population. A convenience sample was conducted
because of a logistical reason and all eligible players were invited to participate. But there was no prob-
ability of sampling formula or power analysis, which was used to determine the minimum sample size
in advance. Thus, while the sample may match the demographic profile of the population, statistical
representativeness cannot be claimed according to the present criteria such as an anticipated effect size,
level of confidence (e.g., 95%), power (e.g., 0.80), and degree of error. Baseline measures were obtained
in the pre-test using standardized sprint tests. Data was collected after the 6-month intervention with
the same procedures. Allocation was concealed, and the researchers who collected and analyzed the
data remained blind.
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Sample Size justification

A priori power analysis was conducted with G*Power 3.1 software to verify the sample size. The analysis
is conducted on the t- test with independent and assumed: Score for the effect size (relative to group
comparison) = 0.80 (large effect from the literature for proprioceptive training and speed); Significance
level (a) = 0.05; Statistical power (1 - B) = 0.80; Allocation ratio (N1/N2) = 1. The least number of par-
ticipants was required for the sample size, which was 52 (26 in each group) to have sufficient power to
detect a significant difference of the selected parameters. The total sample (62; 31 per group) exceeds
this threshold, attributing to the adequacy of the study power to detect relatively large effect sizes. This
increases the robustness and generalizability of the findings and reduces the probability of a Type Il
error.

Participants

The study’s sample consisted of 62 young male football players (17.32 + 0.13 years, 174 +3.6 cm and
70.40 + 2.43 kg), all members of competitive football players of the “Drita” high school within the local
community of Kichevo, Republic of Macedonia. The subjects of this study were divided into two sub-
groups [control (CG) and experimental (EG)] to be involved in a pre- and post- training measurement
design. All participants attended a period of six months of football training planned with three 45-mi-
nute weekly sessions. The experimental group consisted of 31 players who trained three times a week
for 45-minute sessions using regular football program activities (technical, tactical, and physical)
throughout a six-month period. The control group consisted of 31 athletes who trained three times a
week for 45-minute sessions over a six-month period utilizing certain proprioception exercises. All par-
ticipants undertook standardized speed testing procedures before and after the 6-month intervention
period, including agility tests and sprint timings across S1=15m, S2 =30 m, S3 =60 m, and S4 =100 m
distances, to evaluate the program's effectiveness. The methodology was carefully developed to ensure
ethical conduct, minimize bias, and produce data that could be considered applicable to the target pop-
ulation.

Participant Recruitment
Inclusion criteria required participants to be female, aged between 18 and 24 years, for those of non-

Recruitment of participants was initiated by contacting the coaching staff. Following approval from the
team, all eligible 17-year-old players were invited to participate in informative meetings outlining the
research objectives, experimental procedures, potential risks, and guarantees of data confidentiality.
Players were informed about the randomization process and the potential for being assigned to either
the intervention or control group. Voluntary informed consent was obtained from each subject’s parents
to consider them as study participants, prior to any data collection. The study was approved and pro-
vided by the Ethics Committee of the Sports University of Tirana with protocol no. 252-2, from the Eth-
ical Committee of the University of Sports of Tirana. A detailed consent form outlined their rights as a
participant, including the freedom to withdraw from the study at any time without penalty.

Inclusion and Exclusion Criteria
Inclusion criteria

The study focuses on male football players who are 17 years old at the time of enrollment and are ac-
tively participating as football players. Participants must regularly engage in team football training at
least three times per week to be eligible. Additionally, all individuals are required to provide voluntary
informed consent, with parental or guardian consent obtained for those under the age of 18. These in-
clusion criteria ensure that the study targets a specific group of athletes who are consistently involved
in structured football training and meet the necessary ethical and participation requirements.

Exclusion criteria

The study excludes individuals with any recent history of lower limb musculoskeletal injury within the
last six months that would hinder full participation in training. Additionally, participants with a current
diagnosis of a neuromuscular disorder that could influence the study outcomes are ineligible. Those
actively engaged in a structured proprioceptive training program outside of their regular football train-
ing during the study period are also excluded. Finally, individuals who fail to provide informed consent
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will not be included. These exclusion criteria ensure that the study focuses on participants without con-
founding factors that could affect the results or their ability to fully engage in the research.

Protocols

Baseline speed performance was evaluated using four standardized sprint tests, which provided objec-
tive measures of each athlete’s speed and established a performance baseline. In addition, commonly
used agility tests relevant to football contexts were also considered. All assessments were conducted
under the supervision of experienced personnel, employing electronic timing systems and standardized
protocols. Prior to each testing session, participants completed a standardized warm-up routine. The
six-month intervention program adhered to a prescribed protocol, as outlined below.

Procedures

Both proprioceptive and traditional training comprise six micro cycles of training implemented for 4
weeks each. Participants undertook three training sessions per week. Every training session lasts 45
minutes. Proprioceptive training comprises 12 training sessions implemented for 45 minutes each. Dur-
ing these sessions subjects are trained using proprioceptive exercises. Micro-cycles, sessions, duration
and heart-rate intensity range for the sessions are presented in Table 1.

Table 1. Proprioceptive and traditional training micro cycles.

Micro cycle (weeks) Session Duration Intensity
1-4 1-12 12 x 45 45-55%
5-8 13-24 24 x 45 55-65%
9-12 25-36 36 x 45 65-75%
13-16 37 -48 48 x 45 75-85%
17 - 20 49 - 60 60 x 45 85-90%
21-24 61-72 72 x 45 90-95%

Participant Training Procedures

The experimental group participated in a proprioception training program 3 times per week, for 45
minutes per session, in addition to their regular football training activities. This program included exer-
cises designed to enhance joint stability, balance, and body awareness, with a focus on dynamic move-
ments relevant to football such as single-leg hops, agility drills on unstable surfaces, and plyometric
exercises involving balance disks and dynamic weight transfers following a progressive overload prin-
ciple. The control group, conversely, continued with their standard football training regimen without
any specific proprioceptive exercises. Speed was assessed using standardized timed sprint tests: 15, 30,
60 and 100-meter sprints for both groups, at two different time periods: Pre-intervention (baseline
measurements taken prior to the commencement of the intervention program) and post-intervention
(measurements taken upon completion of the 6-month training period). All testing procedures were
conducted by trained personnel using calibrated equipment and under consistent environmental con-
ditions. The data collected from both pre- and post-tests in both groups were then analyzed using ap-
propriate statistical methods to determine the effectiveness of the proprioception program on speed
performance. This rigorous approach allowed for a thorough examination of the hypothesized relation-
ship between proprioceptive training and speed improvement in young football players, while control-
ling for the typical training effects of their regular football sessions.

Data collection

Data collection primarily occurred on the football pitch during scheduled training sessions and in the
gymnasium for proprioceptive training and specific speed assessments. All necessary equipment, in-
cluding cones, agility ladders, timing gates, measuring tapes, and specialized proprioception training
tools (e.g., balance boards, wobble cushions), were provided by the research team. Prior to testing, par-
ticipants completed a standardized warm-up including light aerobic activity, dynamic stretching, and
practice sprints. Data collection was conducted by trained research assistants to ensure accuracy and
consistency across all participants and testing sessions. The order of all speed tests was kept constant
for each athlete. All timing information collected in the speed tests was recorded in a digital format using
the electronic timer, which reduced the margin of human error. Test administrators were trained to
ensure proper placement of timing gates to facilitate accurate measurements. The accelerometer and
S ;
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activity logs were collected and verified upon completion. Data from both groups were then compiled
and analyzed using appropriate statistical measures to determine if any significant differences existed
between the groups post-intervention, specifically in sprint speed over the four distances, and were
compared to the baseline performance of each group.

Speed Assessment

The primary measure for this study was sprint speed, assessed using a series of time-trials across vari-
ous distances. Four sprint tests were conducted using an electronic timing system. Participants were
instructed to perform maximal effort sprints from a standing start. Specifically, the following sprint tests
were administered:

e 15-meter Sprint: This test measured acceleration and initial speed capabilities. Timing gates
were positioned at the start and 15-meter mark. Each participant performed two trials, and the
best time was recorded in seconds.

e 30-meter Sprint: This added an element of maintaining speed and continued acceleration. Tim-
ing gates were placed at the start and 30-meter point. Two trials per participant were completed,
with the faster time logged.

o 60-Meter Sprint: This test assessed the athletes' sustained speed capacity. Timing gates were
positioned at the start line and at the 60-meter mark. Each participant performed two trials,
with the fastest sprint time recorded.

e 100-Meter Sprint: This test evaluated maximal sustained speed over a longer distance. Timing
gates were placed at both the starting point and the 100-meter finish line. Two attempts were
conducted, and the best performance time was documented.

All sprint tests were conducted on a flat, non-slip surface, with adequate space for acceleration and de-
celeration. Consistent verbal encouragement and standardized instructions were provided before each
trial to ensure reliable results. Testing occurred at a similar time of day to minimize diurnal variations
affecting performance. A familiarization session with the sprint tests was conducted prior to data col-
lection to minimize learning effects.

Data analysis

All sprint tests were described in terms of means and SD, using descriptive statistics. Because the sample
size was greater than 50 patients, normality was tested using the Kolmogorov-Smirnov test. Normal
distribution was verified by the Shapiro-Wilks test, and the results of normal distribution were met (p
> 0.05). Equality of variances was examined using Levene’s test (p > 0.05). Paired-samples t-tests as-
sessed differences in sprint performance within each group between the pre- and post- intervention 6-
month intervention at each sprint distance (15m, 30m, 60m and 100m respectively). Paired-samples t-
tests and independent-samples t-tests were employed to compare the post-intervention results be-
tween experimental and control groups. Finally, the extent of differences was estimated by effect sizes
with Cohen’s d. All statistical analyses were performed using IBM SPSS Statistics version 26, and the
statistical significance was at p < 0.05.

Results
[

Table 2 presents the descriptive statistics and results of t-tests analysis for the 15-meter sprint times
for both groups at pre-test and post-test.

Table 2. The results for 15-Meter Sprint Times (Seconds)

t-value within t-value between

. . p-value p-value Cohen'’s
Group Time Point Mean + SD group S groups }
€ (30) within group t (60) between group d-value
Experimental Pre-test 2:95+0.12 11.58 <0.001
Post-test 2.65+0.10
2.73 0.003 0.58
Control Pre-test 290+0.11 835 <0.001
Post-test 2.69+0.13 ) )
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*Significant differences, p<.05.
Note: Adili & Bendo (2025).

As seen at pre-test baseline, the mean speed test time was 2.95 seconds (s) for the experimental group
and 2.90 s for the control group. At the post-test, the experimental group exhibited a mean speed time
of 2.65 s compared to a mean 2.69 s for the control group. These descriptive data suggest a reduction in
sprint time (improvement in speed) for both groups, with the experimental group showing a greater
reduction. Table 3 presents the descriptive statistics and results of t-tests analysis for the 30-meter
sprint times for both groups at pre-test and post-test.

Table 3. The results for 30-Meter Sprint Times (Seconds).

t-value within t-value between )
Group Time Point Mean = SD group .p—.value groups p-value Cohen’s
t (30) within group t (60) between group d-value
Experimental lfret—_ttestt 22% i 81{53 12.97 <0.001
oSS 2o =2 439 <0.01 0.86
Control Pre-test 4.85+0.17 8.87 <001
Post-test 4.64£0.16 ) )

*Significant differences, p<.05.
Note: Adili & Bendo (2025).

Speed was measured using a 30-meter sprint test before (pre-test) and after (post-test) the intervention
period. The mean pre-test time for this group was 4.92 seconds, decreasing to a mean post-test time of
4.51 seconds. Table 4 presents the descriptive statistics and results of t-tests analysis for the 60-meter
sprint times for both groups at pre-test and post-test. The descriptive statistics for both the experi-
mental and control groups are shown in Table 4. At baseline, the experimental group demonstrated an
average 60m sprint time of 9.0 seconds, while the control group averaged 8.85 seconds.

Table 4. The results for 60-Meter Sprint Times (Seconds).

t-value within t-value between

. . p-value p-value Cohen’s
Group Time Point Mean + SD group s groups )
£ (30) within group t (60) between group d-value
. Pre-test 9.00 £ 0.35
Experimental Post-test 8.40 + 0.28 14.92 <0.001 319 0.002 09
Control Pre-test 8.85+0.32 750 <0.001 ' ’ '
Post-test 8.48 + 0.30 ) )

*Significant differences, p<.05.
Note: Adili & Bendo (2025).

Post-intervention, the experimental group showed an improvement in speed, achieving an average time
of 8.4 seconds. The control group also demonstrated a slight speed increase, with an average time of
8.48 seconds at the post-test. Table 5 presents the descriptive statistics and results of t-tests analysis
for the 100-meter sprint times for both groups at pre-test and post-test.

Table 5. The results for 100-Meter Sprint Times (Seconds).

t-value within t-value between

Group Time Point Mean + SD group witlj};i‘;lall:*ﬁu groups p-valui;)lftween g?‘};;l:l,:
t(30) group t(60) group
Experimental Pre-test 1462 +0.58 4.67 <0.001
Post-test 13.75 £ 0.49 273 0.08 084
Control Pre-test 14.33+0.61 3.5 <0.01 ’ ’ '
Post-test 13.59 £ 0.52 ) )

*Significant differences, p<.05.
Note: Adili & Bendo (2025).

Initial pre-test results using a 100-meter sprint test revealed an average time of 14.62 seconds for the
experimental group and 14.33 seconds for the control group. Post-test assessments showed a mean time
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of 13.75 seconds for the experimental group and 13.59 seconds for the control group, as presented in
table 5, which demonstrated a reduction in mean sprint time from pre-test to post-test.

Figure 1 below represents the results of mean speed time in 15, 30, 60 and 100 m sprint at pre-test and
post-test, for the experimental and control group. This graph visually highlights the improvement across
time and the differences between the experimental and control group. Figure 2 shows the graphs of
sprint performance pre and post-test for both groups.

Figure 1. Visually represents the changes in mean sprint times, as well as the difference between pre- and post-test for the two groups.

Results of sprint times (s)

Pre-test Post-test Pre-test Post-test Pre-test Post-test Pre-test Post-test

16
14

10

=]

(=30 I . ]

15m 30 m 60 m 100 m

m Control ™ Experimental

Nota: Adili & Bendo (2025).

Figure 2. The graphs of sprint performance pre- and post-test in Experimental and Control groups.

Sprint Performance Pre- and Post-Test (Experimental vs Control)

Experimental - Pre-test
14 —e— Experimental - Post-test
—e— Control - Pre-test

—e— Control - Post-test

12

=
o

©

Mean Time (s)

100m

Sprint Distance

Nota: Adili & Bendo (2025).

Discussion

This study aimed to determine whether a specific 6-month proprioceptive intervention, integrated into
existing football training, would lead to a statistically significant improvement in linear speed compared
to a control group engaged in their standard football training regime. Paired t-tests were conducted to
examine the changes in sprint times within each group.

Results of 15 m indicate a significant decrease in sprint time from pre-test to post-test for the experi-
mental group (t (30) = 11.58, p < 0.001). Similarly, the control group also showed a significant improve-
ment in sprint time over the 6-month period (t (30) = 8.35, p < 0.001). These within-group changes
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demonstrate that players may improve their speed during a season. An independent t-test was per-
formed to compare changes in sprint times (post-test minus pre-test) between the experimental and
control groups. Results showed a statistically significant difference between groups (t (60) = 2.73,p =
0.003). This indicates that the experimental group had a significantly greater improvement in sprint
time compared to the control group.

The paired-samples t-test for 30 m revealed a statistically significant difference between pre-test and
post-test times (t (30) =12.97, p < 0.001) in experimental group. This indicates that the proprioception
training program was effective in improving sprint speed within the experimental group. The control
group also demonstrated a change in time, from a pre-test meantime of 4.85 seconds to a post-test mean-
time of 4.64 seconds. Similarly, a paired-samples t-test showed a statistically significant difference
within this group (t (30) = 8.87, p <0.01). The change in speed, calculated by the difference in pre-test
and post-test times, showed a statistically significant difference between group differences (t (60) =4.39,
p < 0.01). This indicates that the proprioception training program induced a significantly greater im-
provement in 30-meter sprint time compared to routine training. While the control group did show an
improvement, it must be noted the result was not as large as the experimental group.

Ther result of 60 m in the experimental group exhibited a statistically significant improvement in sprint
speed after the 6-month intervention (t (30) = 14.92, p < 0.001). The control group also demonstrated
a statistically significant improvementin speed from pre-to-test (t (30) = 7.50, p < 0.001) but to a smaller
extent. The results of the independent samples t-test for 60 meters were used to compare the differences
in speed change between the experimental and control groups from the pre-test to the post-test. A sig-
nificant difference was found between the groups (t (60) = 3.19, p = 0.002 < 0.05) indicating that the
experimental group showed significantly greater improvement in sprint speed over the course of the
study compared to the control group.

To analyze the significance of these changes within each group, paired t-tests were employed. The ex-
perimental group exhibited a statistically significantimprovement in sprint time (t (30) =4.67, p < 0.05),
with an average reduction of 0.87 seconds, or approximately 6% improvement in speed. Similarly, the
control group also demonstrated a statistically significant decrease in sprint time (t (30) = 3.25, p <
0.05), with an average reduction of 0.74 seconds, or approximately 5% improvement in speed. To de-
termine whether the proprioception training had a different effect in the groups, an independent sample
t-test was conducted. This showed no significant difference in performance between the groups (t (60)
=2.73, p > 0.05) which implies there was no significant difference in the magnitude of improvement of
each group.

To assess the practical significance of the observed between-group difference, Cohen’s d was calculated.
In the 15 m test, the effect size for the between group difference at post-test was d = 0.58, indicating a
moderate effect size. This suggests that the proprioception training program had a practically meaning-
ful impact on the speed of the experimental group compared to the control group, however, the change
appears more substantial in the experimental group. This indicates that proprioceptive training pro-
duced a moderate but meaningful improvement in acceleration speed.

Cohen'’s coefficient calculated for 30 m, yield a value d = 0.86, showing a large effect size indicating that
the training program yielded a substantial effect. This suggests that the intervention had a substantial
impact on the players’ ability to maintain and build up sprint speed. The experimental group, which
participated in the 6-month proprioception training, showed a statistically significant improvement in
speed performance. The comparisons between groups resulted in a Cohen'’s value of d=0.9 which indi-
cates a large size effect in favor of the experimental group and also indicating a strong effect of proprio-
ceptive training on sustained sprinting ability. For the 100-meter sprint, although the effect size re-
mained large (Cohen’s d = 0.84), the p-value (0.08) did not reach statistical significance. This suggests
that while improvements were notable, the variance or sample size may have limited the statistical
power to detect significance at this distance.

The results suggest that the proprioception training program had a positive effect on the 15-meter
sprint speed of young football players. While both groups demonstrated improved speed after 6 months,
the experimental group experienced a significantly greater reduction in sprint time compared to the
control group, highlighting the added benefit of the proprioception training. The improvements seen in
the control group may be attributed to normal maturation, or to regular football training.
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The 6-month proprioception training program led to a statistically significant improvementin 30-meter
sprint speed in young football players. Furthermore, the experimental group demonstrated a signifi-
cantly greater decrease in sprint time compared to the control group, suggesting the proprioception
training yielded a specific benefit. The speed of the players measured using a 60-meter distance sprint
test suggests that proprioception training may be an effective method for enhancing speed performance
in this population of athletes. The data from 100 m analysis suggests that both groups improved but the
experimental group did not achieve a significantly bigger improvement compared with the control

group.

The significant difference observed between the experimental and control groups provides evidence to
support the use of a 6-month proprioception training program to enhance sprint speed in young foot-
ballers. Further analysis might involve exploring correlations between specific proprioceptive measures
and sprint performance to further refine training protocols.

The results indicate that a 6-month proprioception training program led to a statistically significant im-
provement in sprint speed within the experimental group. The control group also showed a significant
improvement, likely from the normal effects of training over time, suggesting that improvements in
speed are not solely due to proprioception training. Critically, the improvement in the experimental
group was significantly greater as shown by the comparison at post-test. This suggests the addition of
proprioception training provides an added benefit over traditional football training alone. The moderate
effect size further supports the practical value of incorporating proprioception training into young foot-
ball players’ regimens for enhancing speed.

A study has confirmed the advantages of yoga exercises for the equilibrium system and emphasizes their
importance in improving quality of life, including psychological and emotional dimensions (Bendo &
Haxholli, 2017). The results of another study have shown that equilibrium variables increased after pro-
prioception training, which was very effective in reducing sway indexes at athletes, to improve and to
increase the balance condition and sport performances (Bendo et al., 2023a). Integrating proprioceptive
training with sport-specific agility drills can improve agility performance by requiring rapid changes in
direction, acceleration, and deceleration, resulting in faster, more effective responses in dynamic game
situations (Eraslan et al., 2025). Enhancing awareness of body position and movement in space is the
goal of proprioception training, which may increase speed through several processes. First, better neu-
romuscular control makes it possible for muscles to be activated and coordinated more effectively,
which results in quicker and more accurate motions. As a result, muscles contract with the proper force
and timing to maximize speed without wasting energy. Second, better agility allows for faster reflexes
and direction changes. This is a direct consequence of improved proprioceptive. Proprioceptive athletes
can anticipate and adjust to unforeseen circumstances more skillfully, which leads to faster and more
fluid movements. Therefore, proprioception training can help athletes improve their stability and bal-
ance, which lowers their risk of falling and keeps them moving quickly. Despite not receiving specialized
proprioception instruction, the control group showed improvement for several reasons. Participating
in a study that involves speed-related tasks can serve as training in and of itself, promoting neuromus-
cular adaptations and honing movement patterns. It's possible that the individuals unconsciously con-
centrated on their posture and motion throughout the tests, which resulted in unintentional gains in
proprioception and, as a result, speed. Additionally, by strengthening muscles and enhancing joint sta-
bility, general strength and conditioning programs—which are frequently a part of athletic training can
indirectly enhance proprioception. Finally, the control group's success might have also been influenced
by the learning effect, which occurs when people naturally get better at a task just by practicing. The
study found that a 6-month proprioception training program significantly improved the speed of young
football players, with the experimental group showing larger improvements in sprint times, suggesting
its incorporation into training regimens can enhance athletic performance. The findings could be rele-
vant to all sports. The program is tailored to specific contexts, analyzing local training environments,
equipment availability, and injury patterns. The approach includes individualized load adjustments
based on biomechanical assessments from motion capture, ensuring training sessions are tailored to
each player's needs, potentially maximizing effectiveness and mitigating injury risk. The research could
contribute to evidence-based training protocols to maximize speed capabilities, to scientific knowledge
and benefit the future athletic potential of these young players, potentially leading to improved player
performance.
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Conclusions

The study explores the impact of a six-month proprioception training program on sprint speed in 17-
year-old football players in North Macedonia. Sprint speed is crucial for success in football, and propri-
oception plays a vital role in coordinating movement and maintaining balance. Results show that the
training significantly improves sprint times, with the experimental group showing more improvement.
primarily in 15m, 30m, and 60m. Thus, the present findings indicate a positive influence of propriocep-
tive exercises in routine football training on performance and suggest including proprioceptive training
in the long-term youth football education.

Impact of the study

The study examined the impact of a 6-month proprioception training program on young football play-
ers' speed. Although it showed significant improvements, the practical significance of the difference is
debatable. The study suggests that factors like natural maturation and regular training may contribute
to these improvements. Future research should explore long-term effects and specific speed compo-
nents.

Limitations

The study has limitations: the sample size was relatively small and that would affect the generalization
of the results to the population. The increase in sprint speed was only small and even in the control
group significant, so that superiority of intervention was not quite clear. The study examined only young
footballers which limits the generalizability of the results to other sports and age groups. Moreover, it
should be emphasized that not only was long-term persistence of the effects of training not analyzed,
but also there were no attempts to disassemble performances into its suitable elements, such as accel-
eration or agility, which could provide a more detailed insight into the operation of the mechanisms
through which proprioception training may enhance athletic activity.
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