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Abstract: Hamstring muscle tears are among the most prevalent sports injuries. The occurrence of
muscle injuries has been demonstrated to result in alterations to the movement control system, thus
prompting the implementation of compensatory strategies. The potential for in-depth study of these
adaptive or compensatory strategies for injuries is made possible by the use of electrophysiological
biomarkers. The aim of this study was to evaluate the current evidence concerning the analysis
of electrophysiological biomarkers in research conducted on subjects with a history of hamstring
injury (HSI) on sprinting tasks. A comprehensive literature review was conducted, and five articles
were selected based on a rigorous set of selection criteria. The heterogeneity of the results precludes
the establishment of broad generalisations regarding hamstring muscle activity during running or
sprinting. Notwithstanding these discrepancies, individuals with a history of hamstring injury have
been shown to consistently exhibit altered EMG patterns. In order to enhance our comprehension
of the neural strategies underpinning movement, it is imperative to employ methodologies that
transcend the limitations of EMG amplitude measures.

Keywords: hamstring tears; sports injuries; electrophysiological biomarkers; electromyography;
motor control

1. Introduction

Hamstring tears injuries (HSI) represent a significant challenge in the domain of
sports and athletic activities, being one of the most common injuries and accounting for
approximately 39% of all sports-related injuries. With a recurrence rate of 12% to 63%,
these injuries manifest as acute pain in the posterior thigh. According to epidemiological
studies, the biceps femoris and, to a lesser extent, the semimembranosus are often affected.
Depending on severity, HSI can prevent physical activity for durations ranging from one to
seven weeks [1].

A deeper understanding of the mechanisms underpinning these injuries highlights
the critical role of high-speed efforts, such as sprinting, hurdling, or kicking, in their oc-
currence. Specifically, during sprinting—particularly in the late swing and late stance
phases—the hamstrings are subjected to significant mechanical demands. This is especially
evident when athletes run at speeds exceeding 25 km/h or above 80% of their maximum
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velocity [1–3]. These findings underscore the biomechanical challenges imposed by sprint-
ing, positioning it as a pivotal component of many sports.

Furthermore, the variability in sprinting demands across sports emphasises the rel-
evance of this activity. For example, while Australian football players may accumulate
194 m of sprinting accelerations during a match, rugby union players typically cover ap-
proximately 94 m in similar high-intensity efforts [4]. These differences not only illustrate
sport-specific demands but also highlight the central role of sprinting in performance
optimisation and injury risk management.

Moreover, the complex motor control required for high-speed actions is not confined to
biomechanics. Indeed, it is evident that the integration of cortical and subcortical structures
is also a prerequisite. Of particular importance are lower motor neurons, which innervate
effector muscles and serve as the final common pathway for motor execution [5]. Notably,
injuries to the musculoskeletal system, such as HSI, disrupt muscle function and can alter
motor control strategies, even after apparent recovery and return to activity [6].

Given these disruptions, a neurophysiological approach becomes essential for under-
standing the adaptations and compensatory mechanisms associated with muscle injuries.
In this context, surface electromyography (EMG) emerges as a powerful tool, providing
high temporal resolution to capture detailed electrophysiological data on muscle activity
during motor tasks [7]. Recent studies have adopted more integrative approaches, encom-
passing both bivariate (e.g., intermuscular and corticomuscular functional connectivity)
and multivariate (e.g., network analysis and muscle synergies) methods, to facilitate a more
profound exploration of complex processes such as low back pain or other musculoskeletal
disorders [8–10]. These approaches have the potential to offer more comprehensive insights
into the multifactorial phenomenon of muscle injuries.

Building on this foundation, it is crucial to examine which parameters of neuromus-
cular function have been employed as biomarkers in the investigation of compensatory
and adaptive strategies associated with HSI during sprint activities. Accordingly, the aim
of this study was to review the current evidence on the analysis of electrophysiological
biomarkers in studies performed on subjects with a history of HSI on sprinting tasks.

2. Methods

A search strategy was conducted with the objective of identifying all relevant pub-
lished papers. Specifically, a systematic search was conducted in the PubMed-Medline
and Google Scholar databases without imposing restrictions on the year of publication. In
order to ensure comprehensive coverage, the search strategy employed key terms based on
the research aim (Table 1). The ultimate objective was to retrieve all relevant publications,
thereby providing a comprehensive understanding of the subject matter.

Table 1. Keywords used during database searches.

Population Method Used to Measure
Neuromuscular Function

Injury Type Area of
Injury

Measured Task

Athlete
Control group

Healthy
Non-Injured

Surface electromyography
Electromyography

sEMG
EMG

Intermuscular coherence
Intermuscular connectivity

Functional connectivity
Corticomuscular coherence

Corticomuscular connectivity
IMC
CMC

Strain
Injury
Tear

Hamstring Sprint
Running

The Boolean term OR was used within categories, whereas AND was used between categories.
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In order to refine the selection, the lead author evaluated journal articles from peer-
reviewed sources. These were subject to a meticulous review of their titles, abstracts, and
full texts. The removal of duplicate articles was facilized by utilisation of the bibliographic
manager Zotero (v. 7.0.15) (Corporation for Digital Scholarship, Vienna, VA, USA). Further-
more, reference lists from the retrieved papers and systematic reviews were examined to
identify further relevant studies that may not have been initially captured in the database
search. This supplementary step served to enhance the robustness of the search process.

Finally, a full-text review was conducted to determine eligibility. Prior to the initiation
of the search, a set of selection criteria was established. To be eligible for this study, articles
had to have the following characteristics:

• The evaluation of neuromuscular function is to be conducted through the utilisation
of electromyography and/or electroencephalography.

• The articles include studies that recruited an athletic cohort, defined as individuals
participating in either individual or team sports, or those who demonstrated a high
level of physical conditioning.

• The articles include participants without pre-existing neurological pathologies.
• The articles include sprinting or running tasks in the analysis.
• The articles include participants who had suffered a hamstring tear and had returned

to normal activity at the time of participation.
• The articles have comparative data from a control group or the healthy contralateral limb.
• It must not include other types of injuries, such as ACL tears, sacroiliac joint, or lumbar

spine dysfunction.
• It must not be a review article, the full article must be available in English, and it must

have been published in a peer-reviewed journal.

Participant demographic data, injury-specific data, and data on neuromuscular func-
tion were extracted. Extraction of data was also conducted from the descriptive and
inferential statistical analysis of each article.

3. Results

The initial search yielded 190 articles. Following the removal of duplicates and the
review of titles and abstracts, a total of 13 full-text articles were assessed for eligibility. A
subsequent review of the reference list yielded two additional articles. The application of
the eligibility criteria resulted in the inclusion of five articles in the review (Figure 1).

Figure 1. A schematic representation of the study selection process.
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Across the studies, neurophysiological functions were examined using a variety of
measures (Figure 2). Furthermore, disparities in signal normalisation methods and sprint or
running tasks were observed among studies. Table 2 provides a comprehensive overview
of the demographic characteristics under investigation.

 

Figure 2. A schematic representation of an EMG signal highlighting the most common features.

Table 2. Comparison of principal features of articles.

Author and Year Sample
Characteristics

EMG Parameters
Used EMG Normalisation Task Evaluated

Silder et al., 2010
[11]

Male and Female
athletes (age 18–45
years) involved in

running-related sports

Onset, offset and
duration of EMG

activity
RMS EMG

EMG data normalised
to the mean signal
over an entire gait

cycle from the 100%
sprinting speed.

Treadmill running
from 60% to 100% of

maximal speed
estimated from

100 m time

Daly et al., 2016
[12] Elite level male hurlers EMG intermuscular

ratios

Mean
values were calculated

across all strides on
gait cycle.

Treadmill running at
speed of 20 km/h

Higashihara et al.,
2019 [13]

Male college sprinters
(age 19.9 ± 0.3)

Mean EMG activity
(% max)

RMS EMG

EMG data normalised
to the maximum value
during each sprinting

gait cycle.

40 m at maximal
effort sprint

Crow et al., 2020
[14]

Professional male
football players

Onset and offset
Duration of EMG

activity

EMG data normalised
to peak activity

recorded through the
running cycle.

80 m at 90% of
maximal speed

perceived

Ohtsubo et al.,
2024 [15]

Male soccer players
(age 18–30 years)

Mean EMG
activity (%)
RMS EMG

EMG data normalised
by the mean value

during the trial.

30 m at maximal
speed sprint

Age, in some cases, is presented as mean and SD (±). EMG: electromyography. RMS: root-mean square.

In one study, Ohtsubo et al. [15] investigated mean EMG activity during each phase of
a 30-metre maximum-speed sprint, comparing both limbs in the hamstring strain injured
athlete cohort and a control group. A repeated-measures two-way ANOVA was conducted
for multiple comparisons, with statical significance setting at p < 0.05. When significant
differences were found, effect size (ES) analysis was conducted utilising Hedge’s g (g ≥ 0.20
small ES, g ≥ 0.50 medium ES, and g ≥ 0.80 large ES). The results of the study demonstrated
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that the level of muscle activity in semitendinosus (ST) during the middle swing phase in
HSI, was significantly higher, a similar pattern also was observed in the healthy limb of the
HSI group when compared to controls. Subsequent analysis revealed a marked elevation
in gluteus medius (Gmed) activity in both lower limbs of the HSI group during the early
stance phase. In addition, an evaluation of the external oblique (ObExt) revealed diminished
activity in the injured limb during the early stance phase. Notably, similar reductions were
observed in the gluteus maximus (Gmax) during the late swing phase. Additionally, the
peak RMS of the Gmed was delayed in both limbs of the HSI group compared to controls.
In contrast, no statistically significant differences were identified in measurements of the
long head of the biceps femoris (BFlh).

Similarly, the study by Higashihara et al. [13], which involved a 40 m sprint and paired
t-test to ascertain the inter-limb differences (p < 0.05). The findings revealed diminished BFlh
activity in the HSI limb during the late swing phase when compared to the contralateral
healthy limb. However, the Gmax exhibited no substantial disparities between the HSI and
healthy limbs.

Further investigations by Silder et al. [11], who compared EMG muscle activity during
treadmill running at speeds ranging from 60% to 100% of maximal effort, utilised two-way
repeated measures ANOVAs to perform multiple comparisons between muscles, limbs, and
gait cycle phases and across speeds. The statical significance was set at p < 0.05 for all tests,
with bilateral differences reported relative to the uninjured limb as either percent or absolute.
The analysis, which included the rectus femoris (RF), vastus lateralis (VL), biceps femoris (BF),
and medial hamstring (MH), revealed no significant differences in muscle onset and offset,
nor in the duration of muscle activity within the gait cycle. However, a comparison of
the magnitude of the normalised EMG (RMS) revealed that BF activity during the late
swing phase exhibited an average increase of 67%, while MH activity demonstrated a 37%
increase, both in the HSI limb. Conversely, during the stance phase, BF activity exhibited a
34% increase, while MH activity demonstrated a 66% increase in comparison to the non-
injured limb. A similar finding regarding the temporal parameters of EMG was reported in
a related study [14], in which a 100-metre sprint protocol was employed. In this context, the
onset and offset times of muscle activity, as well as the duration of muscle activity, did not
differ significantly between the HSI limb of the HSI group and the dominant limb of the
control group. Notwithstanding the divergent statistical analysis that was employed, the
authors opted for the Mann–Whitney U test in light of the data’s non-normal distribution.
The magnitude of the differences between the groups was determined by calculating the
effect size.

Finally, Daly et al. [12] conducted a treadmill study in which athletes ran at a constant
speed of 20 km/h. Using surface EMG, the authors evaluated the activity of the BFlh,
Gmax, RF, ObExt, and erector spinae (ER), with a particular emphasis on ipsilateral and
contralateral muscle activity ratios. Subsequent intergroup comparisons were made of
muscle activation ratios and kinematics. The results indicated a significant decrease in
the BFlh muscle activation ratios in the HSI limb in comparison with the ipsilateral Gmax
(maximum difference −12.5%), ipsilateral ER (maximum difference −12.5%), ipsilateral
ObExt (maximum difference −23 %), and contralateral RF (maximum difference −22%)
during the late swing phase.

In Figure 3, the most reported muscles in the reviewed studies can be observed along
with the specific running phases employed to analyse electromyographic activity.
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Figure 3. (a) The anatomical representation of the reported muscles. (b) Specific running phases analysed.

4. Discussion

The aim of this study has been to review the current evidence on the analysis of
electrophysiological biomarkers in studies performed on subjects with a history of HSI on
sprinting tasks. Despite the limited number of articles analysed, it is necessary to discuss
certain relevant aspects that contribute to a more comprehensive approach to the objective
of this investigation.

Firstly, there is considerable heterogeneity in the electrophysiological parameters
employed to assess neuromuscular function. The utilisation of EMG amplitude as a
biomarker has been demonstrated to account for variations related to neuromotor demand
in terms of force production [16]. Temporal metrics, such as the onset, offset, and duration
of muscle activity, have been shown to reflect coordination-related strategies and the
sequencing of different muscle groups during movement [17]. Furthermore, the comparison
of muscle activation ratios has the potential to indicate the functional predominance of
certain muscles over others, as reported by Daly et al. [12]. These diverse biomarkers
capture distinct aspects of neuromuscular function, and such variability across studies
poses a significant challenge for direct comparisons and integrative interpretation.

Evidence of the diversity of methodologies can also be observed in the normalisation
of EMG signals. For instance, certain studies [12,15] have employed the normalisation
of muscle activity to the mean value across the entire trial, incorporating methodologies
based on the mean value per stride. An alternative approach was to normalise to the
maximum value observed during the running cycle [13,14]. Concurrently, Silder et al. [11]
utilised speed-based normalisation, employing the mean signal across a complete cycle at
maximum sprint speed. These methodological discrepancies underscore the imperative
for prudence when drawing comparisons between results, as each normalisation strategy
possesses its own unique characteristics. For instance, standardisation to a mean value may
result in an underestimation of peak intensities. Conversely, standardisation to maximum
values has the potential to lead to an overestimation of differences and relative changes. On
the other hand, task-based normalisation, such as normalisation by speed, is associated with
contextual factors, thereby complicating the interpretation of comparisons, even within the
same study at varying speeds [11].

It is important to note that the studies reviewed yielded contradictory findings. The
main point of divergence pertains to the activity of the BF: while some authors have
reported an increase in its activity [11], others have observed a decrease [12,13], and yet
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others found no significant differences [15] when comparing injured and non-injured
individuals or the injured limb versus the contralateral limb, specifically during the same
running phase—the late swing phase. As indicated by the citations provided, analogous
inconsistencies have been reported in studies that have evaluated tasks related to force
production [18–21]. Consequently, within the context of hamstring strain injury, the activity
of the BF appears to be altered, albeit without the presence of a clear or consistent pattern
when compared to a control group or limb. In the case of studies by Silder et al. [9]
and Crow et al. [10], who analysed the onset, offset, and duration of muscle activity, no
differences were found between the injured and control groups for the muscles examined.
The incorporation of additional agonist/synergist muscles into the analysis may prove
beneficial in facilitating a comparative analysis of temporal variables and an exploration
of coordination and sequencing strategies. It is important to consider that variations in
protocols, signal processing, and the methods used to determine temporal parameters
likely contributed to these discrepancies.

A recurrent theme among the majority of studies is the reliance on EMG amplitude as
a biomarker to quantify and compare motor activity in healthy and injured individuals.
This univariate approach has yielded significant insights into muscle function in a range
of contexts. Nevertheless, when attempting to infer underlying motor control strategies,
this approach is subject to significant limitations. In order to gain insight into the neural
strategies that govern movement, particularly how they adapt following muscle injury or
in the presence of musculoskeletal pain, approaches that extend beyond EMG amplitude
measurements are required.

Alternative methodologies have emerged to address the limitations of univariate
analysis. For instance, corticomuscular coherence (CMC) provides insights into the coupling
between the motor cortex and lower motor units, offering a deeper understanding of
cortical control during movement [22]. A body of research has been conducted on the
applications of CMC in the domain of strength training adaptations [23] and in the context
of brain–muscle interactions during dynamic and isometric tasks [24–27].

Similarly, intermuscular coherence (IMC), which is defined as the degree of synchroni-
sation in the time–frequency domain between two muscle signals [28], has been associated
with motor demands and muscle synergy. IMC has been studied in a variety of con-
texts. These include strength training, postural challenges, fatigue, and musculoskeletal
pain [8,28–30].

By quantifying neural synchrony, coherence can offer a more nuanced perspective
on the central neural strategies that govern movement, adaptation, and motor recovery.
The ability to distinguish neural drive across frequency bands enables the investigation
of contributions from distinct cortical, subcortical, and spinal pathways. This approach
promises a more detailed and physiologically grounded characterisation of motor control
in both clinical and research settings.

Despite the relative novelty of these approaches, their potential to elucidate novel
aspects of human motor control renders further investigation imperative. It is evident that
both CMC and IMC provide significant insights into the composition of descending neural
drive. Moreover, both of these methods benefit from non-invasive recording techniques,
thus rendering them suitable for clinical applications. In the context of compensatory
or adaptive mechanisms associated with muscle injury, adopting a more comprehensive
approach to analysing muscle activity may provide a more accurate estimate of the changes
in descending neural drive [31].

5. Conclusions

There is considerable variability in the electrophysiological biomarkers used to assess
neuromuscular function in individuals with a history of hamstring strain injuries (HSI),
with a predominant emphasis on EMG signal amplitude. The wide range of methodolog-
ical approaches and the heterogeneity of findings hinder the formulation of definitive
conclusions regarding hamstring muscle activity during running or sprinting. However,
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despite these inconsistencies, the literature consistently demonstrates that EMG activity is
altered in individuals with a prior history of muscle injury.

To advance our understanding of the adaptive and compensatory mechanisms that
underlie neuromuscular alterations post-injury—particularly regarding intermuscular co-
ordination and corticomuscular connectivity—it is imperative to move beyond the isolated
analysis of EMG amplitude. Incorporating more integrative and multidimensional elec-
trophysiological approaches may offer deeper insights into the reorganisation of motor
control strategies following injury. This paradigm shift is not only necessary—it is critical
and indispensable for developing evidence-based rehabilitation protocols that are truly
effective in restoring function, enhancing motor recovery, and preventing recurrence.
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