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Keywords ABSTRACT

Introduction: Hamstring injuries are one of the most common problems in soccer, mainly caused
by inadequate warm-up and lack of optimal muscle activation. Recent studies have shown that
dynamic warm-ups can improve anaerobic performance and muscle flexibility, but little is known
about the use of wearable EMG technologies to personalize warm-ups in real time. The aim of this

Anaerobic power

Dynamic warm-up

H/Q Ratio study was to investigate the effect of dynamic warm-up guided by real-time wearable EMG data on
o hamstring to quadriceps activation ratio (H/Q), anaerobic power, and knee flexion angle in
Knee flexibility professional soccer players.

Method: The study was conducted as a within-group crossover design on 25 professional male
soccer players. Each player underwent two warm-up protocols in two separate sessions, 72 hours
apart: 1) a standard club warm-up, 2) a personalized dynamic warm-up based on real-time EMG data.
H/Q ratio was measured using wearable EMG, anaerobic power was measured using the 30-second

Professional soccer player
i Wingate test, and knee flexibility was measured using the Active Knee Extension test.

EMG

Results: The results showed that personalized EMG-based dynamic warm-up significantly increased
H/Q ratio and anaerobic power compared to standard warm-up (p<0.001). The AKE angle also
increased after this protocol, indicating a relative reduction in hamstring range of motion. Overall,
EMG-guided warm-up was more effective than standard warm-up in optimizing muscle activation
and some performance indicators.

Conclusion: Personalized EMG-based dynamic warm-up was more effective than standard warm-
up in improving muscle activation and some performance indicators such as H/Q ratio and anaerobic
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Extended Abstract

Introduction

n the landscape of modern professional athletics, the distinction between peak performance and

injury susceptibility often resides in the quality of pre-activity preparation. Warm-up protocols

are fundamentally designed to elevate core temperature, enhance neural transmission, and

prepare the musculoskeletal system for the stresses of competition. In high-intensity sports,

specifically football, athletes are frequently subjected to explosive movements, such as rapid

acceleration, deceleration, and pivoting, which place significant mechanical and neural demands
on the hamstring and quadriceps muscle groups. A central challenge in sports science is the optimization
of the Hamstring-to-Quadriceps (H/Q) activation ratio, which serves as a critical indicator of knee joint
stability and neuromuscular balance. Conventional warm-up strategies are typically standardized—relying
on generic time-based durations and non-specific movements—which often fail to account for the unique
neuromuscular fatigue levels or individual activation deficits of the athlete. Furthermore, the lack of real-
time objective feedback means athletes often initiate high-intensity activity without achieving the necessary
muscular “readiness.” This study addresses these limitations by evaluating the efficacy of a wearable
electromyography (EMG)-guided dynamic warm-up protocol. The overarching aim is to transition from
traditional ‘“‘one-size-fits-all” approaches to data-driven, personalized protocols that optimize
neuromuscular engagement and potentially mitigate the risk of soft tissue injuries.

Methods

The study utilized a comparative experimental design to evaluate the superiority of an EMG-guided warm-
up against standard protocols. A sample of professional athletes participated in the study, undergoing two
distinct protocols in a counterbalanced order to eliminate order effects. The Conventional Warm-up (CW)
group adhered to a standard regimen comprising 10 minutes of light jogging, dynamic stretching exercises,
and 5 minutes of general activation drills. In contrast, the EMG-Guided Warm-up (EGW) group utilized
wireless, wearable surface EMG sensors positioned on the biceps femoris. The EGW protocol involved 10—
12 minutes of targeted neuromuscular exercises (including lunges, squats, and plyometric jumps).
Crucially, the participants received real-time visual feedback via a mobile application, calibrated to ensure
their hamstring activation reached and maintained at least 80% of their established Maximum Voluntary
Contraction (MVC).

Data were processed using SPSS (version 28). The statistical analysis employed paired-sample t-tests to
quantify differences between the two conditions across three primary dependent variables: the H/Q
activation ratio, anaerobic power output (measured in Watts via jump tests), and the Active Knee Extension
(AKE) angle as a measure of functional flexibility. Effect sizes (Cohen’s d) were calculated to determine
the magnitude of the differences.

The study utilized a comparative experimental design to evaluate the superiority of an EMG-guided warm-
up against standard protocols. A sample of professional athletes participated in the study, undergoing two
distinct protocols in a counterbalanced order to eliminate order effects. The Conventional Warm-up (CW)
group adhered to a standard regimen comprising 10 minutes of light jogging, dynamic stretching exercises,
and 5 minutes of general activation drills. In contrast, the EMG-Guided Warm-up (EGW) group utilized
wireless, wearable surface EMG sensors positioned on the biceps femoris. The EGW protocol involved 10—
12 minutes of targeted neuromuscular exercises (including lunges, squats, and plyometric jumps).
Crucially, the participants received real-time visual feedback via a mobile application, calibrated to ensure
their hamstring activation reached and maintained at least 80% of their established Maximum Voluntary
Contraction (MVC).

Data were processed using SPSS (version 28). The statistical analysis employed paired-sample t-tests to
quantify differences between the two conditions across three primary dependent variables: the H/Q
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activation ratio, anaerobic power output (measured in Watts via jump tests), and the Active Knee Extension
(AKE) angle as a measure of functional flexibility. Effect sizes (Cohen’s d) were calculated to determine
the magnitude of the differences.

Results

The empirical findings reveal a statistically significant improvement in all measured indices following the
EMG-guided protocol compared to the conventional approach. Regarding neuromuscular coordination, the
H/Q ratio was notably higher in the EGW group (0.70 = 0.04) versus the CW group (0.55 + 0.05), yielding
a substantial effect size (d=1.85). This suggests that the real-time feedback loop enabled athletes to achieve
a more balanced synergistic interaction between the hamstring and quadriceps, which is critical for joint
stability.

Regarding functional performance, the EGW protocol elicited a significant enhancement in anaerobic
power, with the EGW group demonstrating a mean output of 970 Watts compared to 925 Watts in the CW
group (d=0.85). Furthermore, the assessment of functional range of motion, quantified by the Active Knee
Extension (AKE) angle, showed an average increase of 8 degrees in the EGW cohort (d=1.42). These data
indicate that the EMG-guided approach does not merely prepare the muscle for power output but also
optimizes the elastic and lengthening properties of the hamstrings, thereby increasing the range of motion
under functional conditions.

Discussion

The findings of this study suggest that integrating wearable EMG technology into warm-up protocols can
enhance neuromuscular preparation and improve performance-related outcomes in football players. The
most important finding was the significant improvement in the H/Q ratio, indicating a more balanced
activation pattern between the hamstring and quadriceps muscles. Such adaptations may contribute to a
safer neuromuscular environment and potentially reduce the risk of hamstring injuries during high-intensity
activities.

In addition, the observed improvements in anaerobic power and active knee extension angle demonstrate
that EMG-guided warm-up protocols can effectively enhance motor unit recruitment and functional
flexibility. These findings support the superiority of individualized, data-driven warm-up strategies over
conventional approaches. Overall, wearable EMG feedback appears to be a practical tool for optimizing
neuromuscular balance, power production, and flexibility, highlighting its potential application in
performance enhancement and injury-prevention programs in competitive sports.
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