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ABSTRACT

This study aimed to investigate the acute effects of a single-session Graston
Instrument-Assisted Soft Tissue Mobilization (IASTM) application on the mechanical
properties of the gastrocnemius muscle and sport-specific performance outcomes in
elite female handball players with isolated gastrocnemius tightness (IGT). Sixteen elite
female handball players diagnosed with IGT according to the Silfverskidld test
participated in the study. Muscle tone, stiffness, and elasticity of the medial
gastrocnemius were assessed using MyotonPRO. Ankle dorsiflexion range of motion
was measured with a goniometer. Plantar flexor strength was evaluated using a
handheld dynamometer. Vertical jump and agility performance were assessed via
standardized field tests. All measurements were obtained immediately before and
after a single 7-minute Graston intervention. Paired-sample analyses were performed
to compare pre- and post-intervention values (p<0.05). Significant post-intervention
reductions were observed in muscle stiffness and tone, accompanied by an increase
in elasticity (p<0.05). Ankle dorsiflexion range of motion demonstrated a large
improvement (p<0.001). Plantar flexor strength, vertical jump height, and agility
performance showed statistically significant improvements with small-to-moderate
effect sizes (p<0.05). A single-session Graston application acutely modifies passive
muscle mechanical properties and improves ankle mobility in athletes with IGT.
Although performance improvements were observed, their magnitude was smaller
than the mobility changes, suggesting that acute IASTM effects primarily influence
passive mechanical and mobility components.

Keywords: Agility, Instrument-assisted soft tissue mobilization (IASTM), Isolated

gastrocnemius tightness, Vertical jump

Bu arastirmanin amaci, izole gastroknemius gerginligi (IGT) bulunan elit kadin
hentbolcularda tek seanslik Graston (IASTM) uygulamasinin gastroknemius kasinin
mekanik Ozellikleri ve spora 0zgli performans ciktilari Uzerindeki akut etkilerini
incelemektir. Silfverskiéld testi ile IGT tanisi konulan 16 elit kadin hentbolcu galismaya
dahil edilmistir. Medial gastroknemius kasina ait tonus, sertlik ve elastikiyet
parametreleri MyotonPRO cihazi ile degerlendirilmistir. Ayak bilegi dorsifleksiyon
hareket acikligi gonyometre ile élgilmustir. Plantar fleksor kuvvet el dinamometresi
ile belirlenmistir. Dikey sicrama ve ceviklik performansi standart saha testleri ile
degerlendirilmistir. Tim ol¢tiimler 7 dakikalik tek seans Graston uygulamasi 6ncesinde
ve hemen sonrasinda alinmistir. On-son karsilastirmalar eslestirilmis 6rneklem
analizleri ile yapilmistir (p<0,05). Uygulama sonrasi kas sertligi ve tonusunda anlamli
azalma, elastikiyette ise artis gozlenmistir (p<0,05). Ayak bilegi dorsifleksiyonunda
blyuk dizeyde artis saptanmistir (p<0,001). Plantar fleksoér kuvvet, dikey sigrama ve
ceviklik performansinda istatistiksel olarak anlamli ancak kiglk-orta diizeyde etki
bilyuklGgune sahip iyilesmeler gérilmustir (p<0,05). Tek seanslik Graston uygulamasi,
iGT bulunan sporcularda pasif kas mekanik 6zelliklerini ve ayak bilegi mobilitesini akut
olarak iyilestirmektedir. Performans ciktilarindaki gelismeler daha sinirli olup, akut
IASTM etkilerinin 6ncelikle mobilite ve pasif mekanik bilesenlerde belirginlestigini
distindirmektedir.

Anahtar Kelimeler: Alet destekli yumusak doku mobilizasyonu (IASTM), Ceviklik, Dikey
sicrama, lzole gastrocnemius gerginligi, MyotonPro
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INTRODUCTION

Handball is a high-paced competitive sport that requires advanced physical demands (Ziv and Lidor, 2010). The
ability to achieve the desired performance in handball is influenced by the functionality of the lower extremities (Zebis
and Bencke, 2018). One of the key structures responsible for the mobility of the lower extremities is the gastrocnemius
muscle. The gastrocnemius is a superficial, biarticular muscle with two heads, situated in the posterior compartment of
the lower leg, with its primary function being plantar flexion of the ankle (Bordoni and Varacallo, 2023). Due to intense
usage, improper training models, or various traumas, structural abnormalities may develop in the gastrocnemius muscle
among athletes. One of the most common structural disorders is isolated gastrocnemius tightness (IGT). IGT is considered
critical in terms of sports injuries and performance and is also recognized as a prevalent disorder even in the general

population (Chan et al., 2019; Kaneuchi et al., 2020; Knapik et al., 2019).

IGT, which arises as a result of gastrocnemius-soleus contracture, is a muscle dysfunction characterized by
increased stiffness of the ankle joint in dorsiflexion (DF) (Huerta, 2014). Restrictions in DF caused by IGT can increase
pressure on soft tissues during changing conditions and sudden movements in training and competitions, leading to a
higher risk of injury and potential declines in sports performance (Endo and Sakamoto, 2014; Rezazadeh et al., 2017;
Sarialioglu and Bagkan, 2023). Chronic muscle tightness also affects the viscoelastic properties of the muscle (Pawar et
al., 2021; Yamauchi et al., 2016). Mechanical muscle properties such as muscle tone and stiffness are considered
fundamental elements for maintaining efficient muscle contractions in terms of both function and energy (Masi and
Hannon, 2008). A shortened and tight skeletal muscle may hinder potential force production, leading to increased muscle
tone and stiffness. Increased tone and stiffness, in turn, can reduce movement efficiency and contribute to a higher risk

of injuries (Brughelli and Cronin, 2007; Zhang et al., 2017).

IGT can be alleviated through various conservative and invasive interventions aimed at reducing muscle
tightness, restoring ankle DF, and improving functional mobility. Conservative approaches—such as stretching-based
exercise models, eccentric loading programs, neuromuscular re-education, and soft tissue mobilization have been shown
to effectively reduce gastrocnemius—soleus contracture and enhance lower-extremity kinematics (Chang et al., 1999;
Chimera et al., 2010; Knapik et al., 2019). Among non-invasive treatment strategies, the Graston technique, a form of
instrument-assisted soft tissue mobilization (IASTM), has gained prominence. The Graston technique involves the
application of controlled mechanical loading to myofascial tissues using rigid instruments (Cheatham et al., 2016). It has
been reported that this intervention may produce acute effects through mechanisms such as mechanical disruption of
adhesions, alterations in fascial viscosity, increased local circulation, and modulation of afferent neural input. These
effects may influence the viscoelastic behavior of the muscle—tendon unit, potentially reducing passive muscle stiffness,
regulating muscle tone, and improving joint range of motion (Cheatham et al., 2016; Cheatham et al., 2019; Hammer,
2008). Due to these characteristics, Graston applications are recommended to enhance tissue compliance within the
myofascial complex, improve function, and reduce hypomobility associated with skeletal muscle tightness (Franga et al.,

2023; Itotani et al., 2021).

Previous studies have examined the acute effects of Graston/IASTM on ankle range of motion, performance,
and/or gastrocnemius muscle properties in healthy or athletic populations (Lee et al., 2023; Sarialioglu, 2024; Yana et al.,
2025). However, evidence remains limited in athletes with clinically defined IGT and in studies that simultaneously
evaluate muscle mechanical properties together with sport-specific performance outcomes. Accurate identification of IGT

and understanding its potential neuromuscular and biomechanical implications are crucial for maintaining athlete health
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and optimizing performance. Therefore, this study aimed to investigate the acute effects of Graston massage on muscle

mechanical characteristics and sport-specific performance in elite female handball players presenting with IGT.
METHOD

Research Method: The study was designed as a quasi-experimental study. After completing a standardized warm-
up protocol, all participants underwent the IGT assessment. Participants identified with IGT subsequently performed
strength, vertical jump, and agility tests, with ten minutes of rest provided between each performance test. To eliminate
the potential effects of the performance tests on the assessment parameters, a 24-hour rest period was given, and
participants were instructed to avoid any physical activity during this time. On the second day, following the same warm-
up protocol, participants underwent the IGT test and myotonometrical measurements, after which a Graston intervention
was applied to both calf regions. All tests were repeated after the intervention in accordance with the pre-intervention
protocol. To evaluate the effects of the intervention on joint range of motion, passive DF angles assessed with the knee
in extension during the IGT test were additionally recorded before and after the intervention. The effects of the

intervention on the measured parameters were statistically analyzed.

To enhance the reliability of the study and minimize biases, all performance tests were conducted by the same
expert researcher, while all myotonometric measurements, IGT assessments, and Graston applications were performed
by a different expert physiotherapist. The study data were analyzed by an independent researcher. The study was approved
by the Giresun University Social Sciences, Science, and Engineering Research Ethics Committee with the decision
numbered 09/09 dated 02.10.2024 and was carried out in accordance with the Helsinki Declaration and with signed

consent forms obtained from the participants. The study was registered at clinicaltrials.gov on NCT06911580.

Participants: A total of 16 female handball players with IGT in at least one leg, with a mean age of 23.87 + 4.09
years, voluntarily participated in the study.

Table 1

Demographic Information of the Participants
Variables Mean + SD
Age (year) 23.87 +4.09
Height (cm) 171.63 +7.37
Body weight (kg) 62.00 = 6.22
Body mass index (kg/m?2) 21.01 £ 1.00

Inclusion criteria: Athletes who had IGT in at least one leg, who were competing in the Turkish Women’s
Handball Super League during the current season, and who had been training at least 3 days per week for the past one

year (excluding macrocycle breaks) were included in the study.

Exclusion criteria: Athletes with a history of serious injury, fracture, ligament or meniscus tear, or surgical
intervention within the past one year; those who were in their menstrual period; those who had used pharmacological
agents such as muscle relaxants within the previous 24 hours; and individuals who did not meet the inclusion criteria were

excluded from the study.
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Power analysis: The Sample size was determined using G*Power (version 3.1.9.2) software, based on right foot
dorsiflexion (RDF) findings from the reference study. According to the a priori power analysis, assuming an alpha level
of 0.05, statistical power of 0.95, and a large effect size (dz = 1.02), a minimum of 13 participants was determined to be

sufficient for the study (Zhang et al., 2020).

Warm-up: All participants completed a standardized warm-up protocol lasting a total of 15 minutes to ensure
physiological readiness and to minimize the risk of injury during subsequent assessments. The warm-up began with 5
minutes of continuous running at a self-selected moderate intensity to gradually elevate heart rate and increase body
temperature. This was followed by 5 minutes of short sprint activities, designed to activate the neuromuscular system and
prepare the lower extremities for high-intensity movements. Finally, participants performed 5 minutes of dynamic
stretching exercises targeting the major muscle groups of the lower extremities, with emphasis on the ankle, knee, and
hip joints, in order to enhance joint mobility and muscle elasticity. The warm-up protocol was applied uniformly to all

participants under supervision to ensure consistency across testing sessions.

IGT Assessment: IGT was determined using the Silfverskiold test under standardized conditions. All measurements
were performed by the same experienced physiotherapist to ensure consistency. Participants were positioned supine on a
treatment table with the subtalar joint maintained in a neutral position to minimize compensatory pronation. Passive ankle
DF was measured using a standard universal goniometer, with the axis aligned over the lateral malleolus, the stationary
arm aligned with the fibular shaft, and the moving arm aligned with the fifth metatarsal. DF was first assessed with the
knee fully extended and subsequently with the knee flexed to 90°, while ensuring that no excessive force was applied
beyond the point of firm end-feel. Three measurements were taken in each position, and the average value was recorded
for analysis. IGT was defined as <5° of passive DF with the knee extended and >15° of DF with the knee flexed, consistent
with previously established criteria (DiGiovanni et al., 2002; Johanson et al., 2008; Liyanarachi et al., 2021). Participants

meeting these criteria in at least one limb were classified as having IGT (Figure 1).

Figure 1

Silfverskiold Test (Goniometric Measurements with the Knee Joint in Full Extension and with the Knee Joint in 90°
Flexion)

.

Assessment of Muscle Mechanical Properties: The MyotonPRO muscle palpation device was used to evaluate
muscle mechanical properties. MyotonPRO is a portable, non-invasive device with established reliability and objectivity
in assessing muscle mechanical properties. The device consists of a body and a probe. The probe applies mechanical
pressure to the surface, generating a rapid deformation through a mechanical impulse. This deformation induces damped

natural oscillations in the soft tissue, which are recorded by an accelerometer. The device then provides numerical values
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for muscle tone, stiffness, and elasticity, calculated using logarithmic formulas (Aird et al., 2012; Bohlen et al., 2022;

Garcia-Santamaria et al., 2024).

During the application, the participant was positioned supine on a treatment table. To ensure the most relaxed
position of the muscle, a small cushion was placed under the tibia, to support the ankle. Following the device protocol,
three impulses were applied to the reference point of the medial gastrocnemius using the probe. The results were recorded
in three parameters: frequency, dynamic stiffness, and decrement. All measurements were performed by the same

physiotherapist (Figure 2).

Figure 2

Evaluation of Medial Gastrocnemius Mechanical Properties

Strength Measurement: Strength measurement was performed on the calf muscle group. The Activforce Digital
Dynamometer, which has been reported to have a high level of reliability, was used for this assessment (Karagiannopoulos
et al., 2022). The device was fixed to the wall at foot level, and the participant, lying in a supine position, was instructed
to apply maximum plantar flexion force against it. To prevent any backward movement that could affect the measurement,

support was provided to the participant at the shoulder region during the test.

Agility Test: Agility performance was assessed using the Illinois Agility Test. The Illinois Agility Test has been
reported in the literature as a valid and reliable field-based assessment for evaluating agility performance in athletic
populations (Hachana et al., 2013; Raya et al., 2013). During the test, a photocell-based electronic timing system with a
precision of 0.01 seconds and infrared timing gates positioned at a height of 1 meter were used. Each participant

performed three trials, and the best performance time was included in the analysis.

The test was conducted on a flat, non-slippery surface in accordance with the standardized test protocol. Upon
the starting command, the participant sprinted 9.20 m from the marked starting area, turned around, and returned to the
starting line. After returning to the starting line, the participant completed the agility course by sprinting two additional

9.20 m distances, weaving in and out between four markers (Figure 3).
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Figure 3
1llinois Agility Test (Hachana et al., 2013)
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Vertical Jump Test: Vertical jump performance was assessed using a Smart Speed electronic jump mat (Fusion
Sport, Australia) via a countermovement jump with arm swing. The arm swing technique was selected as a deliberate
methodological choice to better reflect sport-specific, in-game jumping mechanics. Participants stood on the jump mat
with their feet shoulder-width apart. From a self-selected countermovement depth, athletes performed a maximal vertical
jump using natural arm movement and landed back on the mat. Three valid trials were performed with 3-second rest
intervals, and the highest jump height (cm) was recorded. Trials involving knee flexion during the flight phase were

considered invalid and repeated (Driller et al., 2017; Heishman et al., 2019).

Graston Application: The application was performed using Graston Technique® (GT) instruments. The participant
was positioned prone on the treatment table with the knee slightly flexed. A small amount of lubricating gel was applied
to the gastrosoleus complex and the calcaneal tendon. Sweeping strokes were applied in a downward direction over the
gastrocnemius heads for one minute using the GT-5 instrument. From the second to the fourth minute, the GT-5
instrument was applied in an upward direction to ensure coverage of both the gastrocnemius and soleus muscles.
Subsequently, the GT-2 instrument was used to perform one minute of downward and one minute of upward sweeping
strokes over the calcaneal tendon. Following this, the GT-3 instrument was used to apply short, perpendicular strokes to
the medial and lateral aspects of the calcaneal tendon, with 30 seconds allocated to each side. The total application

duration was approximately 7 minutes (Palmer et al., 2017).

Figure 4

Graston Application
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Statistical Analysis: The SPSS 25.0 software package was used for data analysis. Initially, the normality of the data

was assessed using skewness—kurtosis values and the Shapiro—Wilk normality test. Although the Shapiro—Wilk test
indicated statistically significant deviations from normality for some pre-intervention parameters of the left gastrocnemius
muscle (p <0.05), the skewness and kurtosis values for both stiffness (S: skewness = 1.066, kurtosis = 1.019) and elasticity
decrement (D: skewness =—0.691, kurtosis = —0.353) were within acceptable limits, indicating an approximately normal
distribution (George and Mallery, 2010). It has been reported that normality tests such as the Shapiro—Wilk test are highly
sensitive to sample size, and even minor deviations may yield statistically significant results (Field, 2024; Razali and
Wah, 2011). Considering the robustness of parametric tests to minor violations of the normality assumption, parametric
statistical procedures were deemed appropriate. Accordingly, a paired t-test was applied to evaluate pre- and post-
intervention changes. Statistical significance was set at p < 0.05. Effect sizes were calculated using Cohen’s d and

interpreted as small (d > 0.2), medium (d > 0.5), and large (d > 0.8) (Cohen, 1992).

Table 2
Normality Test (Skewness—Kurtosis Values and the Shapiro—Wilk Normality Test)
Muscle mechanical properties parameters Ankle DF and performance parameters
Parameters Sk? Wess Ku rtosis Sli:}i)lllrco- Parameters Sk_e WSS Ku rtosis Sli?}i)lllr(o-
(X+SE) (X+SE) (p value) (X+SE) (X+£SE) (p value)
. Pre-A 0.39+0.56  -0.44+1.09 0.894 RDF Pre-A  -0.50+0.56  -0.42+1.09 0.489
Post-A  0.19+0.56  -0.70+1.09 0.866 Post-A  0.90+£0.56 1.34+1.09 0.446
RG S Pre-A 0.31+0.56  -0.27+1.09 0.979 LDF Pre-A  -0.25+0.56  -1.10£1.09 0.123
Post-A  0.26+0.56  -0.50+1.09 0.706 Post-A  -0.07+0.56  -0.97+1.09 0.456
Pre-A 0.09+0.56  -0.07+1.09 0.950 Pre-A 0.81+0.56 0.74+1.09 0.386
D Post-A  -0.63£0.56  -0.26+1.09 0.313 RS Post-A  0.23£0.56  -1.12+1.09 0.379
. Pre-A 0.92+0.56  -0.05+1.09 0.062 LS Pre-A 0.39+0.56  -0.16+1.09 0.776
Post-A  -0.05£0.56  -0.56+1.09 0.752 Post-A  0.22£0.56  -1.00£1.09 0.655
LG S Pre-A 1.07+0.56 1.02+1.09 0.044* VI Pre-A 0.48+0.56 0.28+1.09 0.529
Post-A  0.77+0.56  -0.23+1.09 0.103 Post-A  0.43£0.56 0.26x1.09 0.724
D Pre-A -0.70£0.56  -0.35+1.09 0.044* A Pre-A 0.54+0.56  -0.15+1.09 0.678
Post-A  0.12+0.56  -0.98+1.09 0.625 Post-A  0.56+£0.56  -0.23£1.09 0.738

Abbreviation: Pre-A: before application, Post-A: after application, RG: right gastrocnemius, LG: left gastrocnemius, F: frequency, SE:
standard error, S: stiffness, D: decrement, DF: dorsiflexion, RDF: right dorsiflexion, LDF: left dorsiflexion, RS: right strength, LS: left
strength, VJ: vertical jump, A: agility.

RESULTS
Table 3
Muscle Mechanical Properties Before and After Application
Parameters Pre-A (x+SD) Post-A (X£SD) t P d
F 13.29+1.06 12.88+0.93 2.347 0.033* 0.520
RG S 225.94+30.31 211.44+25.32 3.056 0.008* 0.707
D 1.21+0.16 1.16+0.16 1.383 0.187 0.312
F 13.44+1.14 12.91+0.82 3.203 0.006* 0.409
LG S 231.06+34.07 209.94+21.62 3.866 0.002* 0.515
D 1.23£0.20 1.13£0.17 2.746 0.015%* 0.375

Abbreviation: Pre-A: before application, Post-A: after application, RG: right gastrocnemius, LG: left gastrocnemius, F: frequency, SD:
standard deviation, S: stiffness, D: decrement, t: t value, p: p value, d: Cohen’s d. P-values are from paired t-test. *p<0.05; **p<0.01.
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When Table 3 is examined, it is observed that after the application, all parameters showed a significant change
in the left gastrocnemius, while in the right gastrocnemius, the F and S parameters exhibited a significant change (p<0.05),

whereas the D parameter showed no change (p>0.05).

Table 4

Ankle DF and Performance Parameters After the Application.
Parameters Pre-A (Xx+SD) Post-A (X+SD) t p d
RDF 1.4442.63 5.81+3.69 -4.010 0.001** 1.328
LDF -0.13+6.18 7.94+5.76 -6.451 0.001** 1.349
RS 517.74+117.55 587.99+117.75 -2.899 0.011%* 0.597
LS 507.14+110.82 565.33+101.09 -2.580 0.022* 0.547
A\ 35.44+5.88 36.78+5.57 -4.817 0.001** 0.238
A 17.47+1.01 17.26+0.93 3.244 0.016* 0.216

Abbreviation: Pre-A: before application, Post-A: after application, RDF: right dorsiflexion, LDF: left dorsiflexion, RS: right strength,
LS: left strength, SD: standard deviation, VJ: vertical jump, A: agility, t: t value; p: p value; d: Cohen’s d, P-values are from paired t-
test. *p<0.05; **p<0.01.

When Table 4 was examined, it was seen that there was a significant change in all parameters after the application

(p<0.05).
DISCUSSION

In this study, the acute effects of a single-session Graston application on the passive mechanical properties of
the gastrocnemius muscle and sport-specific performance outcomes were investigated in elite female handball players
with IGT. The findings demonstrated that following the intervention, the passive mechanical behavior of the
gastrocnemius demonstrated a shift toward reduced muscle tone and stiffness, accompanied by increased elasticity. In
parallel, improvements were observed in ankle DF range of motion and certain performance outcomes. However, the
magnitude of the effects varied across variables: DF exhibited a very large effect size, changes in muscle mechanical
properties and plantar flexion strength were of moderate magnitude, whereas agility and vertical jump performance,
despite reaching statistical significance, showed small effect sizes (Table 3, Table 4). These results suggest that the acute
effects of IASTM may primarily manifest in mobility and passive mechanical components, while their translation into

performance outcomes may depend on task-specific demands.

The most prominent finding in terms of effect size was the post-intervention increase in DF. This improvement
may be associated with an acute reduction in the passive stretch resistance of the gastrocnemius. Increased passive
stiffness and reduced stretch tolerance related to IGT have been reported as key factors limiting DF range of motion
(DiGiovanni et al., 2002; Hoang et al., 2007). It has also been suggested that the Graston technique may improve joint
range of motion by addressing myofascial restrictions associated with chronic tightness (Bush et al., 2020; Palmer et al.,
2017). In the present study, the mechanical pressure and shear forces applied through Graston may have facilitated local
tissue mobilization within the muscle—fascia complex, thereby acutely modifying viscoelastic behavior. The observed
reduction in tone and stiffness likely reflects decreased passive resistance at rest, allowing lower opposing force during a
stretch and, consequently, a greater DF angle. In addition to mechanical effects, IASTM may also induce
neurophysiological responses. Previous studies have emphasized that deep mechanical stimulation may modulate afferent

input via mechanoreceptors, potentially increasing stretch tolerance and reducing protective reflex activity (Bialosky et
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al., 2009; Ge et al., 2017). Collectively, these mechanisms provide a biomechanically plausible explanation for the marked

increase in DF observed after a single session.

The post-intervention changes observed in muscle mechanical properties may be interpreted, within the context
of IGT, as a reduction in mechanical resistance opposing joint motion. Previous research has shown that chronic muscle
tightness can increase muscle spindle sensitivity and elevate resting muscle tone, potentially leading to greater stiffness
and reduced elasticity (Ganguly et al., 2021; Lettner et al., 2024; Mense and Masi, 2010). The Graston technique has been
reported to facilitate myofascial relaxation and modulate neural activation and local circulation (Franga et al., 2023;
Itotani et al., 2021). In the present study, the observed decrease in tone and stiffness, together with increased elasticity,
may be associated with reduced spindle sensitivity and alleviation of myofascial tension. However, the mechanical
response was not symmetrical between sides. This asymmetry may be explained by differences in baseline mechanical
profiles, dominant limb usage patterns, or the severity of IGT. Therefore, changes in muscle mechanics should be

interpreted as context-dependent rather than uniform responses.

A moderate increase in plantar flexion strength was observed bilaterally following the intervention. This finding
suggests that improvements in DF and passive muscle mechanics were partially reflected in functional output. Previous
research indicates that force production is closely related to the optimal length—tension relationship of the muscle and that
chronic tightness may disrupt this relationship (Komi, 2000; Pawar et al., 2021; Zhang et al., 2017). Manipulative
approaches such as the Graston technique have been reported to induce mechanical and neuromuscular adaptations within
the muscle—tendon complex (Cheatham et al., 2016; Cheatham et al., 2019). In the present study, the increased DF range
may have allowed the gastrocnemius to operate closer to a more favorable length—tension position, thereby optimizing
force production. Additionally, reduced passive stiffness may have lowered internal resistance components during
contraction, contributing to greater net force output. However, the moderate magnitude of strength gains suggests that the
acute intervention likely enhanced the efficiency of existing neuromuscular capacity rather than directly increasing

maximal capacity.

Although changes in vertical jump and agility performance reached statistical significance, the observed effect
sizes were small. These performance components depend not only on the functional capacity of the calf muscles and
ankle joint but also on multi-joint coordination involving the hip—knee—ankle complex, eccentric—concentric transition
velocity, and motor control strategies (Chen et al., 2025; Markovic and Mikulic, 2010; Sarvestan and Fakhraei Rad, 2025;
Sheppard and Young, 2006). Therefore, acute improvements in mobility and passive mechanical properties may have
limited transfer to multi-joint, highly coordinated tasks in which the central nervous system contribution is more
prominent. From a biomechanical perspective, it is not unexpected that a single-session localized myofascial intervention
would not produce large-scale enhancements in such complex performance tasks. Accordingly, the observed
improvements in performance outcomes may be more closely associated with gains in mobility and localized force

production rather than global neuromuscular adaptation.

When the findings are considered overall, it should be noted that the physiological components emphasized in
this study were not directly measured, and the interpretations were made based on possible mechanisms grounded in the
existing literature. Nevertheless, the partially coherent pattern of the findings supports the theory proposed by Bialosky
et al. (2009), which suggests that mechanical forces applied through manual therapy may initiate a series of
neurophysiological responses in the peripheral and central nervous systems, and that the combined effects of

biomechanical and neurological mechanisms may contribute to the observed outcomes.
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CONCLUSION

This study demonstrates that a single-session Graston application in elite female handball players with IGT
produced acute reductions in muscle tone and stiffness, accompanied by a marked increase in ankle DF. Moderate
improvements were observed in plantar flexion strength, whereas changes in vertical jump and agility were limited and
of small magnitude. These findings indicate that IASTM primarily influences passive mechanical and mobility-related
components, with more constrained and task-dependent transfer to complex performance outcomes. However,
considering the limitations of the study, further evidence is required to draw definitive conclusions and to confirm the

generalizability of the findings.

Limitations: The first limitation of this study is its quasi-experimental design without a control or sham group. This
limits the ability to attribute the observed changes exclusively to the intervention. Particularly for performance parameters
that demonstrated small effect sizes, the potential influence of familiarization effects, motivational factors, or
measurement-related variability cannot be excluded. The second limitation concerns the sample size. Although the sample
size was deemed sufficient based on power analysis, the limited number of participants restricts the generalizability of
the findings. Additionally, the small sample size did not allow for subgroup analyses or relational modeling between
variables. Therefore, the potential causal or associative link between changes in muscle mechanical properties and
performance outcomes could not be directly tested. The third limitation is that only acute effects were evaluated. The
persistence of the observed mechanical and functional changes following IASTM, whether repeated applications may
produce cumulative effects, and their long-term influence on performance or injury risk remain unknown. The fourth
limitation is the absence of direct assessment of neurophysiological mediating mechanisms, which restricts the ability to
test the underlying mechanisms of the observed changes. Finally, the evaluation of multiple outcome variables increases
the possibility that some significant findings may have occurred by chance; therefore, caution is warranted, particularly

when interpreting parameters with small effect sizes.
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