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ABSTRACT 

Purpose of the study: To identify and analyse diff erences in posterior thigh muscles fl exibility profi les between recreational runners on trail and 
road surfaces.

Methods: Th is study employed an observational cross-sectional design. Th e sampling technique used was purposive sampling, in which respondents 
were selected based on predefi ned inclusion and exclusion criteria. Posterior thigh muscles fl exibility was assessed using an inclinometer through the 
Passive Straight Leg Raise (PSLR) test. Data were analysed using an independent t-test based on normality of distribution and homogeneity of variances.

Results: Th e p-value was 0.321 for the right posterior thigh muscles and 0.927 for the left , indicating no statistically signifi cant diff erences in fl ex-
ibility between groups.

Conclusions: Th e type of running surface did not demonstrate a measurable eff ect on posterior thigh muscle fl exibility in the study population. Th e 
fi ndings of this study underscore the importance of implementing targeted training programs aimed at both preventing injury and strengthening the 
posterior thigh muscles.
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сравнительное исследование бегунов по пересеченной местности 
и шоссе

Фарид Рахман1,*, Мухаммад Шамиль Муваффак1, Ризки Фебрианшах1, 

Мухаммад Райхан Ишад1, Азлияна Азизан2

1Университет Мухаммадия Суракарта, Суракарта, Индонезия

2Технологический университет MARA, Шах-Алам, Селангор, Малайзия

РЕЗЮМЕ

Цель исследования: выявить и проанализировать различия в профилях гибкости мышц задней группы бедра у бегунов-любителей, 
бегающих по пересеченной местности и шоссе.

Методы: в этом наблюдательном поперечном исследовании участвовали 78 бегунов-любителей, отобранных с помощью целенаправлен-
ной выборки. Гибкость мышц задней группы бедра оценивалась с помощью инклинометра с помощью пассивного подъема прямой ноги. 
Данные анализировались с помощью независимого t-критерия после проверки на нормальность и однородность.

Результаты: обнаружено отсутствие статистически значимых различий в гибкости между правыми и левыми мышцами задней группы 
бедра (р = 0,321 и р = 0,927 соответственно).

Выводы: в ходе исследования не было выявлено значимого влияния типа поверхности для бега на гибкость мышц задней группы бедра 
у участников исследования. Отмечена важность внедрения тренировочной программы для укрепления и профилактики травматизма мышц 
задней группы бедра.
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1. Introduction

Running is an activity that has grown rapidly globally and 

in Indonesia over the past decade. Running activity increased 

by 39 % in 2023 compared to 2022, with 53 % of runners be-

ing amateurs [1]. Community growth is also evident, with 

the global running community projected to increase by 59 % 

in 2024 [2, 3]. Th e same trend is also occurring in Indonesia, 

with more than 80000 active runners recorded in 2024 [4, 5]. 

However, despite this growth, the average daily step count of 

Indonesians remains at 5375, well below the recommended 

11000 to 12000 steps per day as recommended by National 

Institutes of Health (2020) [6–8]. Road running is the most 

popular due to its accessibility and safety, while trail running 

is growing rapidly thanks to the signifi cant motivation of 

emotional well-being and closeness to nature [9–11]. 

Running, however, is a high-risk activity for musculo-

skeletal injuries due to repetitive mechanical loading and 

training errors. Th e most common injuries include patello-

femoral pain, iliotibial band syndrome, shin splints, plantar 

fasciitis, posterior thigh muscles strains, and Achilles tendi-

nopathy. Posterior thigh muscles injuries are not most preva-

lent injury. However, this type of injury received signifi cant 

attention, accounting for 5 to 15 percent of long-distance 

running injuries [12–14], with incidence rates of 0.2 to 0.7 

per 1000 training hours. Th is injury is more prevalent among 

high-mileage runners (more than 60 kilometers per week), 

athletes engaged in interval or trail running, and runners 

over the age of 35 [15].

Both trail and road runners are susceptible to posterior 

thigh muscles injuries. In road running, repetitive motion 

and acceleration contribute to strain risk, while in trail run-

ning, the risk is elevated during downhill movement, on slip-

pery terrain, or in sudden directional changes, which involve 

high eccentric posterior thigh muscles loading [16–18]. Key 

factors in posterior thigh muscles injuries include muscle 

strength, the posterior thigh muscles-to-quadriceps (H/Q) 

ratio, previous injury history, and particularly posterior thigh 

muscles fl exibility [19, 20]. 

Furthermore, some studies show that fl exibility can re-

duce posterior thigh muscles injuries during running activi-

ties. Additionally, a review by Afonso et al. (2021) [21] states 

that posterior thigh muscles fl exibility is still not a signifi cant 

risk factor for injury. However, biomechanical studies show 

that muscles with poorer fl exibility have lower force absorp-

tion capacity, thereby increasing the incidence of injury, es-

pecially during stretching.
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Research comparing posterior thigh muscles fl exibility in 

trail and road running remains limited. Existing studies have 

mostly addressed movement mechanics, load distribution, 

muscle activation, neuromuscular responses, and injury risk. 

However, the distinct biomechanical demands of each sur-

face, including ground impact, posterior thigh muscles activ-

ity, and gait patterns, may infl uence posterior thigh muscles 

strain diff erently. Th is makes it a relevant area for further in-

vestigation [22–24]. 

Analysing posterior thigh muscles fl exibility in trail and 

road runners is essential for guiding physiotherapists in de-

veloping targeted injury prevention and rehabilitation strat-

egies. Th e fi ndings may also support decisions during the 

return-to-sport phase by identifying suitable terrains based 

on post-injury functional outcomes and recurrence risk. 

Moreover, these insights can inform coaches in designing 

training periodisation that combines both surfaces [25–28]. 

Th e aim of the study was to identify and analyse the diff er-

ences in posterior thigh muscles fl exibility profi les between 

trail and road runners. Th e hypothesis of this study is that 

diff erent running surfaces, namely road surfaces and cross-

country terrain, may result in diff erences in mechanical load 

and in the regulation of the musculoskeletal and neuromus-

cular systems. However, there is no signifi cant diff erence in 

the elasticity (fl exibility) of the posterior thigh muscles be-

tween runners who train regularly on one type of surface and 

those who train regularly on another surface.

2. Literature Review 

2.1. Road Running

Road running involves running on asphalt or concrete 

and is classifi ed as a high-impact aerobic exercise that en-

gages large muscle groups to enhance cardiovascular fi tness. 

Bearbero reported that endurance and strength training im-

prove running economy, VO
2
 max, and gait effi  ciency [29, 

30]. Furthermore, research by Singh in 2022 found that out-

door running is more eff ective than treadmill running for 

improving fi tness and muscle mass [31].

Th e fl at contour of road surfaces makes running more sta-

ble and predictable, with shorter stride length and ground con-

tact time. Muscle activation is primarily driven by large muscle 

groups such as the gluteus, posterior thigh muscles, and quad-

riceps, requiring relatively simple coordination [32, 33].

2.2. Trail Running 

Trail running is an activity that involves running in natu-

ral environments, typically not on roads, but rather on trails 

characterised by forests, mountains, hills, or mixed terrain. 

Th is activity emphasises the body’s adaptation to uneven and 

unstable routes and surfaces with elevation diff erences, ob-

stacles, and challenges [34]

Similar to road running, trail running also off ers signifi -

cant health benefi ts. Trail running trains the cardiovascular 

system’s ability to optimise aerobic capacity and endurance 

through uneven terrain and track inclines. Furthermore, 

this activity can also enhance mental well-being, as scientifi c 

studies show that exposure to nature can reduce cortisol lev-

els (stress hormones), anxiety, and depression symptoms. 

During the activity, the mind tends to focus and concentrate, 

reducing negative thoughts and positively aff ecting mood. 

Due to its uneven terrain and inclines, trail running increas-

es metabolic energy expenditure or energy use compared to 

regular running on fl at surfaces or using a treadmill, making 

it an excellent programme for individuals pursuing an ideal 

body weight [35–38].

Th e terrain in trail running consists of irregular surfaces 

like rocks, soil, and roots, which demand greater balance 

and dynamic stability. Th is results in shorter, more variable 

strides and longer ground contact time for stabilisation. Th e 

activity engages stabiliser muscles such as the tibialis poste-

rior, peroneus, and core muscles, requiring more complex 

movement coordination and environmental responsiveness 

[39, 40, 41].

2.3. Biomechanical load of road running and trail 

running

Trail and road running have diff erent surface characteris-

tics, which result in diff erent demands and physical exertion. 

Th erefore, it is crucial for the body to adapt to running on 

these surfaces (Table 1). 

3. Methodology

3.1. Study design

Th is study used a cross-sectional approach to analyse 

posterior thigh muscles fl exibility diff erences between trail 

and road runners. Data collection was conducted at a single 

time point with a sample of runners from the road runner 

and trail runner groups, who were members of running com-

munities in the Special Region of Yogyakarta, Indonesia. Th is 

study was approved by the Health Research Ethics Committee 

(KEPK) of the Faculty of Health Sciences, UMS, with ethical 

approval number 4723/B.2/KEPK-FKUMS/I/2023.

3.2. Subjects

Th is study included 78 runners who underwent posterior 

thigh muscles fl exibility assessments. Th e sample size was de-

termined using G*Power for an independent-samples t-test, 

with a signifi cance level of 0.05, power of 80 %, and an ex-

pected eff ect size of 0.5, yielding 78 participants were selected 

using purposive sampling in accordance with predefi ned in-

clusion and exclusion criteria. Participants were grouped into 

trail and road runners based on their community registration 

data. Recruitment took place in September–October 2023, 

with data collection conducted from mid-November 2023 to 

mid-January 2024.  Inclusion criteria for this study were:

1. All participants who ran more than 32.19 km per 

week over the past six months.

2. All participants who have run explicitly on hard sur-

faces (asphalt or concrete) and trail runners (hills) 

over the past 3 months.

3. Participants who were runners or joggers aged be-

tween 18 and 35 years at the time of recruitment.
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4. Chronic and acute musculoskeletal conditions expe-

rienced by participants in the past 6 months were ex-

clusion criteria for this study.

3.3. Outcomes

Th e primary outcome was posterior thigh muscles fl ex-

ibility, measured via passive straight leg raise (PSLR) test us-

ing and inclinometer, with good instrument reliability (ICC 

0.81–0.88). A PSLR score > 800 indicated normal fl exibility. 

Key exposure variables included previous injury history and 

weekly running distance over the past 3–6 months, assessed 

through self-reported questionnaires and fi tness tracker data. 

To reduce bias, researchers used random sampling, validated 

instruments, and standardised measurement procedures.

3.4. Procedure for measuring posterior thigh muscles 

fl exibility with an inclinometer

a. Patient position: 

1. Patient position: supine lying on a mat or examina-

tion table. 

2. Both legs should be straight, with the knees and hips 

in full extension.

3. Both arms should be relaxed at the sides of the body.

b. Inclinometer preparation 

Th e research team can ensure that the inclinometer is cal-

ibrated and the instrument is at 0 degrees when positioned 

on the tibia or femur. 

c. Movement manoeuvre 

1. Th e assessor passively lift s one leg (right or left ) while 

ensuring knee extension and mobility occur at the hip 

joint.

2. Th e assessor ensures the contralateral limb remains 

straight to prevent lift ing or compensation, which can 

be manually held in place with a belt or by another 

assessor.

3. Ensure the inclinometer is aligned with the longitudi-

nal line.

4. Pelvic stability was maintained throughout the pro-

cedure, and all measurements were conducted by the 

same assessor to ensure standardised testing condi-

tions.

d. Results

1. Th e assessor records the angle the inclinometer dis-

plays (in degrees). Repeat the procedure once more to 

ensure reliability.

2. Repeat the procedure for the contralateral limb (if 

necessary) [42, 43]. Data on posterior thigh muscles 

fl exibility were collected by the research team using 

the Passive Straight Leg Raise test with an inclinom-

eter, as described above. Other primary exposure data 

were collected via an online questionnaire completed 

by the runners. All participants, divided into two 

groups, had equal opportunities to undergo measure-

ments for both outcome data and characteristics or 

exposure.

3.5. Data analysis

Data in this study were analysed using SPSS version 26. 

Posterior thigh muscles fl exibility was set as a continuous 

variable, and data distribution was assessed prior to inferen-

tial analysis. Variables with normal distribution were anal-

ysed using an independent samples t-test with a two-tailed 

signifi cance level of p < 0.05, while the Mann–Whitney 

U  test was applied when normality assumptions were not 

met. In addition to p-values, eff ect sizes were calculated us-

ing Cohen’s d to determine the magnitude of diff erences 

between groups, with values interpreted as small (≈ 0.2), 

moderate (≈ 0.5), or large (≥ 0.8). Negligible eff ect sizes in-

dicate limited practical or clinical diff erences despite statisti-

cal fi ndings. Demographic characteristics, including runner 

Table 1

Biomechanical load of trail and road running [38]

Таблица 1

Биомеханическая нагрузка при беге по пересеченной местности и шоссе [38]

Variable Road Running Trail Running

Stride Long and consistent strides due to fl at surfaces
Short and quick strides, characterised by increased cadence 

and adjustments to varying terrain conditions

Contact Time
Generally shorter due to fl at terrain, making running 

more effi  cient

Tends to be longer as runners are more cautious when 

stepping and landing

Impact Forces
Relatively high due to faster speeds and more 

complex surfaces

Relatively low due to slower speeds and more careful landing 

techniques

Joint Movements
Stable and predictable movements with minimal 

variation

More dominant characteristics include knee fl exion and ankle 

dorsifl exion to adapt to the terrain

Running Economy
More eff ective and effi  cient due to consistent paths 

and minimal obstacles

Running economy tends to be lower than treadmill or road 

running due to the variability of the terrain

Biomechanical 

Variability

Relatively stable surfaces result in lower variability. 

However, longer stride patterns increase the risk of 

overuse injuries if not balanced with proper training

Constantly changing surfaces lead to high biomechanical 

variability. Th is increases the adaptive load and demands on 

neuromuscular performance
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type and history of iliotibial band syndrome, were analysed 

descriptively using frequencies and percentages to support 

the interpretation and discussion of the results.

4. Results

In October 2023, 177 runners from Yogyakarta-based 

communities were identifi ed. Eighty-three met the inclusion 

criteria: aged 18–35 and running an average of 32.19 km per 

week over the past six months, with consistent engagement 

in road or trail running. Ninety-four were excluded due to 

age (n = 68), recent lower limb injuries (n = 12), or refusal to 

participate (n = 14). During follow-up, fi ve participants were 

excluded due to incomplete data, yielding a fi nal sample of 78 

runners included in the analysis.

Descriptive analysis showed the mean age was 27.67 ± 4.76 

for road runners and 23.36 ± 4.72 for trail runners (range: 

18–34 years). Mean right posterior thigh muscles fl exibility 

was 95.89 ± 14.04 in road runners and 92.69 ± 13.66 in trail 

Fig. 1. Flow Chart Diagram for Research Sampling
Рис. 1. Блок-схема выборки исследования
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runners. Left  posterior thigh muscles fl exibility was similar 

between groups (road: 93.97 ± 14.33; trail: 93.85 ± 14.35), all 

within the normal range. Less than 40 % of participants in 

both groups had a prior posterior thigh muscles injury (> 6 

months ago). Notably, iliotibial band syndrome (+) on the 

left  side was reported by over 50 % of participants in both 

groups.

Analysis showed no signifi cant diff erences in posterior 

thigh muscles fl exibility between trail and road runners for 

either side (right: p = 0.310; left : p = 0.920). Th e mean right 

and left  posterior thigh muscles fl exibility in trail runners 

were 92.69 ± 13.66 and 93.85 ± 14.35, while in road runners 

were 95.89 ± 14.04 and 93.97 ± 14.33. An independent t-test 

was used for the right side (normal distribution), and the 

Mann-Whitney test for the left  (non-normal distribution). 

Eff ect sizes (Cohen’s d = 0.230 and 0.008) suggest negligible 

diff erences between groups.

5. Discussion

Most running injuries occur in the lower extremi-

ties, with posterior thigh muscles injuries accounting for 

5–15  % of all running injuries. Although relatively low 

compared to other injuries, this condition can reduce run-

ning performance. Long-distance runners on any track 

face the same risk of increased posterior thigh muscles 

strain injuries, primarily due to the characteristics of 

long-distance running, which involves prolonged and re-

petitive activity, leading to muscle overload, particularly 

in the posterior thigh muscles, resulting in increased stiff-

ness. This study found no difference in flexibility profiles 

Table 2 

Descriptive Characteristics of Trail and Road Runners

Таблица 2 

Описательные характеристики бегунов по пересеченной местности и шоссе

 Variable

Group A (Hard Surface Runners) Group B (Trail Runners)

N % Mean ± SD Min Max Sig* N % Mean ± SD Min Max Sig*

Demographics

Age 39 100 27.67 ± 4.76 18 34 39 100 23.36 ± 4.72 18 34

Weekly Running Distance (km/week) 39 100 37.05 ± 3.28 33 45 39 100 36.49 ± 3.14 33 43

Posterior thigh muscles Flexibility

Right Posterior thigh muscles Flexibility (0) 39 100 95.89 ± 14.04 65 130 0.64 39 100 92.69 ± 13.66 70 130 0.64

Left  Posterior thigh muscles Flexibility (0) 39 100 93.97 ± 14.33 70 120 39 100 93.85 ± 14.35 65 120

Injury History (> 6 months)

Posterior thigh muscles Strain (+)

Right 9 23.1 NA NA NA 15 38.5 NA NA NA

Left 13 33,3 NA NA NA 13 33.3 NA NA NA

Iliotibial band syndrome (+)  

Right 17 43.6 NA NA NA 13 33.3 NA NA NA

Left 22 56.4 NA NA NA 26 66.7 NA NA NA

Note: * Homogeneity Test between Group A and B. ** Th e injury occurred more than six months ago and is no longer present. 

Mean ± SD = Average ± Standard Deviation; Min / Max = Minimum and Maximum values; Sig* = Statistical signifi cance value p > 0,05; NA = 

Not Available (data not provided)

Примечание: * Проверка однородности между группами A и B. ** Травма произошла более шести месяцев назад и в настоящее время 

отсутствует.

Mean ± SD = Среднее ± стандартное отклонение; Min / Max = минимальное и максимальное значения; Sig* = статистическая 

значимость при p > 0.05; NA = нет данных (данные не получены)

Table 3 

Comparison of Posterior thigh muscles Flexibility Between Trail and Road Runners

Таблица 3 

Сравнение гибкости мышц задней группы бедра у бегунов по пересеченной местности и по шоссе

Variable Trail Runners (n = 39) Road Runners (n = 39) p-value Eff ect Size (Cohen’s d)

Right Posterior thigh muscles Flexibility 92.69 ± 13.66 95.89 ± 14.04 0.310 0.230

Left  Posterior thigh muscles Flexibility 93.85 ± 14.35 93.97 ± 14.33 0.920 0.008
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between runners on hard surfaces (concrete or asphalt) 

and trail runners. The workload characteristics of the run-

ning surface can explain this.

Th e posterior thigh muscles workload between trail and 

road runners appears relatively comparable due to shared 

fundamental characteristics such as load type, duration, in-

tensity, muscle activation patterns, terrain infl uences, and 

injury risk; however, biomechanical analyses reveal distinct 

diff erences. Trail runners experience greater eccentric con-

traction loads, particularly when navigating downhill ter-

rain, while road runners are exposed to consistent and repet-

itive workloads, including higher loading during sprints and 

constant speeds, in contrast to the slower pace, prolonged 

contraction durations, and increased stabilisation demands 

in trail running [24, 44].

Regarding posterior thigh muscles fl exibility, the re-

petitive and rhythmic nature of road running may lead 

to muscle stiff ness and shortening over time without ad-

equate mobility exercises, whereas trail running encourages 

more varied posterior thigh muscles activation due to ter-

rain gradients, elevation changes, and stride adaptations. 

Nonetheless, the high eccentric contraction demands in 

trail running can also increase the risk of tightness if recov-

ery is inadequate [24, 44, 45].

Running on hard surfaces such as asphalt and concrete 

causes greater impact forces than other surfaces, which leads 

to greater demands on muscles and joints, including the pos-

terior thigh muscles. Th e ability to absorb impact, especially 

on the knee joints on these surfaces, can increase posterior 

thigh muscles stiff ness when done repeatedly and for long 

periods of time [46].

Conversely, trail running surfaces with uphill and down-

hill inclines demand varied posterior thigh muscles activity, 

involving concentric contractions during ascent and eccen-

tric contractions during descent, the latter contributing to 

increased muscle strain. Th is variation results in a compa-

rable risk of repetitive microtrauma and reduced posterior 

thigh muscles fl exibility over time, similar to that observed in 

hard-surface runners. Th ese biomechanical diff erences un-

derscore the importance of incorporating fl exibility training 

for the lower extremities in running programmes to mitigate 

injury risk [47, 48].

According to Sanchez’s 2023 study, among three types 

of running surfaces, concrete, synthetic track, and grass, the 

highest average and peak acceleration occurred on concrete, 

leading to greater biomechanical load on the lower limbs. 

Peak acceleration on concrete was approximately 36 per-

cent higher than on synthetic track and grass. Runners on 

the concrete tend to exhibit fewer steps with longer strides, 

which oft en results in overstriding or excessive heel strike, 

increasing running acceleration and contributing to poste-

rior thigh muscles overload [49, 50].

However, posterior thigh muscles injuries are not sole-

ly attributed to the running surface, as other contributing 

factors include footwear, running technique, foot strike, 

and landing patterns. Repeated ground contact during 

landing may cause cumulative overload, potentially resulting 

in chronic posterior thigh muscles injuries.

Factors determining posterior thigh muscles fl exibil-

ity quality include muscle imbalance between the posterior 

thigh muscles, glutes, quadriceps, and muscle strength. 

Research has found that runners with weak gluteus mus-

cles tend to have posterior thigh muscles fl exibility issues. 

Additionally, running form also aff ects posterior thigh mus-

cles function. For example, poor running technique, such as 

overstriding or suboptimal pelvic performance, can increase 

posterior thigh muscles performance, as pelvic performance 

is related to overall lower limb effi  ciency. Running form is as-

sociated with foot strike pattern, cadence, body posture, and 

arm swing. Another factor is stretching habits. For instance, 

regular stretching can improve or maintain posterior thigh 

muscles function and fl exibility. Dynamic stretching is rec-

ommended before running activities as it enhances posterior 

thigh muscles effi  ciency [51–53].

Th e study revealed a negative correlation between low 

posterior thigh muscles fl exibility and peak strain during 

running, indicating that reduced fl exibility leads to increased 

muscle strain and a higher risk of injury. Conversely, good 

fl exibility enhances anterior pelvic tilt during both stance 

and swing phases, promoting optimal coordination between 

the gluteus and posterior thigh muscles to generate forward 

propulsion for improved running performance [54–56].

Additionally, a study by Skroce found no signifi cant dif-

ferences in static balance outcomes (BESS), VO
2
 Max pre-

diction, or adaptations in functional characteristics such as 

speed and stride length. Trail running demands greater pos-

tural control and muscle activity due to its unstable terrain, 

while road running off ers a stable, rhythmic activity that 

eff ectively stimulates cardiovascular responses, making it a 

safer option for beginners. Its predictable nature is particu-

larly suitable for individuals initiating a running programme 

[16, 57].

Th e running surface infl uences how runners adjust their 

stride to maintain balance, with leg muscle stiff ness varying 

depending on surface type. On hard surfaces like asphalt or 

concrete, leg stiff ness tends to decrease, while on elastic sur-

faces such as grass or soil, stiff ness increases. Both low and 

high levels of limb stiff ness pose risks of injury to bones, liga-

ments, and muscles, including the posterior thigh muscles. 

Low stiff ness can impair elastic movement control, reduc-

ing the muscles’ and tendons’ ability to absorb and regulate 

forces effi  ciently. Conversely, high stiff ness oft en correlates 

with reduced muscle fl exibility, which hinders movement 

effi  ciency and leads to unnatural running techniques, ulti-

mately limiting the body’s ability to adapt to changes in force 

and heel strike impact [58–61].

Reduced leg stiff ness during running on harder or more 

complex surfaces, such as concrete, is associated with in-

creased muscle activity to absorb impact and maintain sta-

bility, including greater activation of the posterior thigh mus-

cles. In contrast, when leg stiff ness increases during the late 

swing (eccentric) phase, the activity of the posterior thigh 
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muscles, particularly the semimembranosus, tends to be el-

evated [62, 63].

During running, the knee performs repetitive extension, 

especially at the end of the swing phase, when the posterior 

thigh muscles is maximally lengthened and contracts eccen-

trically to assist hip fl exion and lower leg rotation. Running 

on sloped surfaces increases knee joint load and the risk of 

posterior thigh muscles injury. According to Park et al., a 

19 % increase in knee extension moment over time contrib-

utes to injury by accumulating joint stress and fatigue [62]. 

Eccentric posterior thigh muscles activity intensifi es during 

downhill or trail running, increasing workload and infl am-

mation risk. Th is demands more negative work from the hip 

and knee. As downhill gradients grow, ankle force declines, 

shift ing greater load to the knee. Trail runners should focus 

on knee fl exion ROM training to boost negative work and 

stability on slopes.

Research indicates that running on moderately sloped 

surfaces, with inclination or declination angles of approxi-

mately 4 degrees or a grade of ± 6.98 %, does not signifi cantly 

impact lower limb joint performance or ground reaction 

force (GRF), making such terrain safe for use in training or 

post-injury rehabilitation programmes [64]. 

However, posterior thigh muscles fl exibility is not the 

sole factor contributing to posterior thigh muscles injuries. 

Studies have shown that while fl exibility is indeed a risk fac-

tor, other elements such as gender, muscle imbalances, core 

stability, environmental conditions, fatigue, genetics, and a 

history of previous posterior thigh muscles injuries also play 

signifi cant roles. Posterior thigh muscles injuries typically 

result from a combination of intrinsic and extrinsic factors; 

therefore, a comprehensive understanding of these variables 

is essential to develop eff ective and well-targeted prevention 

and intervention strategies [65].

Based on the results of this study, there are clinical 

practice implications regarding the role of physiotherapy 

for the characteristics of these two surfaces due to diff er-

ent biomechanical challenges. For runners who are used 

to hard surfaces (asphalt or concrete), physiotherapy can 

optimise running biomechanics analysis to identify inef-

fi cient movements and strategic training programmes for 

muscle strengthening to achieve balanced muscle function, 

especially in the gluteus, posterior thigh muscles, quadri-

ceps, and calf muscles. Th is is an eff ort in the preventive 

programme for runners.

Preventive programmes serve not only to reduce injury 

risk but also to improve running performance. Th ese pro-

grammes should be structured according to specifi c goals 

and focus on three essential components: strength, agility, 

and fl exibility, all of which infl uence the risk of posterior 

thigh muscles injury and support the correction of running 

form to ensure runner safety [66].

Additionally, physiotherapists should consider individual 

risk factors such as knee extension defi cits, posterior thigh 

muscles-to-quadriceps strength ratio, and eccentric poste-

rior thigh muscles strength. Evidence suggests that eccentric 

training programmes can reduce posterior thigh muscles in-

jury risk by 56 to 70 percent, improving H/Q ratio balance, 

reducing asymmetry, and enhancing fl exibility [67]. Th us, 

physiotherapy interventions should focus on individual risk 

profi les and prevention rather than symptoms and post-in-

jury therapy.

Th e clinical practice implications for trail runners in-

clude training strategies that enhance physical capacity, par-

ticularly proprioception, balance, core strength, and effi  cient 

running form adapted to trail environments. Th ese strategies 

are especially relevant for preventive programs to reduce the 

risk of posterior thigh muscles and other running-related 

injuries. In physiotherapy, the fi ndings support the develop-

ment of intervention and rehabilitation programs during the 

sport-specifi c, functional, and return-to-sport phases, as well 

as reinjury prevention. Additionally, the baseline data from 

this study can inform educational initiatives regarding the 

selection of running shoes that align with individual foot 

anatomy and running style [68, 69].

Th is study has several limitations. Th e sample size was 

relatively small, and several potential confounding factors 

were not considered, including training programs, footwear, 

stretching routines, running speed and form, prior injury 

history, muscle strength, anatomical variations, and gender. 

Th ese variables may infl uence posterior thigh muscles fl ex-

ibility both directly and indirectly. Although fl exibility is im-

portant, it is only one component in a complex system related 

to injury risk. Focusing solely on fl exibility, without consid-

ering elements such as muscle strength and neuromuscular 

coordination, is unlikely to signifi cantly reduce posterior 

thigh muscles injury incidence. Th is study considers data on 

diff erences in exercise intensity or the type of shoes worn by 

respondents. Th e cross-sectional study design cannot show 

a causal relationship, only a correlation between variables. 

Future research should examine these factors in greater 

depth.

6. Conclusion 

Th is study found that the type of running surface did not 

demonstrate a measurable eff ect on posterior thigh muscle 

fl exibility in the study population. Th e fi ndings of this study 

underscore the importance of implementing targeted train-

ing programs aimed at both preventing injury and strength-

ening the posterior thigh muscles.



75

РР
ЕЕ
АА
ББ
ИИ
ЛЛ
ИИ
ТТ
АА
ЦЦ
ИИ
ЯЯ

Authors’ contribution  Вклад авторов
Farid Rahman — conceptualization, methodology, investigation, 

data collection and interpretation, writing — original draft , writing — 

editing, visualization, and project administration, formal analysis.

Muhammad Shamil Muwaff aq — conceptualization, methodo-

logy, investigation, writing — original draft , writing — editing, visual-

ization, project administration, formal analysis. 

Rizqy Febriansyah — conceptualization, methodology, investiga-

tion, writing — original draft , writing — editing, visualization, project 

administration, formal analysis.

Muhammad Raihan Ishad — conceptualization, methodology, 

writing — original draft , writing — editing, visualization, project ad-

ministration, formal analysis.

Azliyana Azizan — conceptualization, methodology, data collec-

tion and interpretation, writing — original draft , writing — editing, vi-

sualization, and project administration, formal analysis.

Фарид Рахман — разработка концепции, методология, про-

ведение исследования, сбор и интерпретация данных, написание 

первоначального варианта статьи, редактирование текста, визуа-

лизация и управление проектом, формальный анализ.

Мухаммад Шамиль Муваффак — разработка концепции, ме-

тодология, проведение исследования, написание первоначального 

варианта статьи, редактирование текста, визуализация, управле-

ние проектом, формальный анализ. 

Ризки Фебрианся — разработка концепции, методология, 

проведение исследования, написание первоначального варианта 

статьи, редактирование текста, визуализация, управление проек-

том, формальный анализ.

Мухаммад Райхан Ишад — разработка концепции, методо-

логия, проведение исследования, написание первоначального ва-

рианта статьи, редактирование текста, визуализация, управление 

проектом, формальный анализ.

Азлияна Азизан — разработка концепции, методология, про-

ведение исследования, написание первоначального варианта ста-

тьи, редактирование текста, визуализация, управление проектом, 

формальный анализ.

R e f e r e n c e s  /  С п и с о к  л и т е р а т у р ы

1. Popularity of Running Up 39% Year on Year Spurred By Th e Gen 

Z Zoom. Running Industry Alliance [internet]; 2024. Available 

at: https://www.runningindustryalliance.com/great-run-pop-

ularity-of-running-up-39-year-on-year-spurred-by-the-gen-z-

zoom/? (accessed 29 May 2025).

2. Strava Releases Annual Year in Sport Trend Report, Revealing 

Th at Working Out Is No Longer About Burning Out. Strava. 

Strava Press [internet]; 2024. Available at: https://press.strava.

com/articles/strava-releases-annual-year-in-sport-trend?utm_

source (accessed 29 May 2025 ).

3. Malchrowicz-Mośko E., León-Guereño P., Tapia-Serrano M.A., 

Sánchez-Miguel P.A., Waśkiewicz Z. What Encourages Physical-

ly Inactive People to Start Running? An Analysis of Motivations 

to Participate in Parkrun and City Trail in Poland. Front Public 

Health. 2020;8. https://doi.org/10.3389/fpubh.2020.581017

4. Ali H. Garmin Fitness Report 2024: Lari, Tenis dan Golf Paling 

Digemari di Indonesia. tabloidpulsa.id [internet]; 24 December 

2024. Available at: https://tabloidpulsa.id/garmin-fi tness-re-

port-2024-lari-tenis-dan-golf-paling-digemari-di-indonesia/? 

(accessed 29 May 2025).

5. Arradian D. Data Garmin: Demam Lari Melanda Indo-

nesia, Jumlah Pelari Meningkat 3 Kali Lipat di 2024. Sin-

doNews [internet]; 10 Juli 2024. Available at: https://tekno.

sindonews.com/read/1412413/123/data-garmin-demam-lari-

melanda-indonesia-jumlah-pelari-meningkat-3-kali-lipat-

di-2024-1720526856? (accessed 29 May 2025).

6. Garmin Ungkap Tren Kebugaran di Tahun 2024: Lari, Tenis, 

dan Golf Jadi Olahraga Favorit di Indonesia. Trendtech Indone-

sia [internet]; 25 December 2024. Available at: https://trendtech.

id/garmin-fi tness-report-2024/? (accessed 29 May 2025).

7. Higher daily step count linked with lower all-cause mortality. 

National Institutes of Health [internet]; 24 March 2020. Avail-

able at: https://www.nih.gov/news-events/news-releases/high-

er-daily-step-count-linked-lower-all-cause-mortality (accessed 

29 May 2025).

8. Barraclough A. 20 surprising things we learned from the RW 

Running Survey 2023. Runner’s World [internet]; 20 September 

2023. Available at: https://www.runnersworld.com/uk/news/

a45036050/runners-world-running-survey-2023/? (accessed 02 

June 2025).

9. Huo X., Tian H., Wang Z., Xu J., Tang Z. Recreation special-

ization and leisure satisfaction among long-distance running: 

an examination of the mediating role of place dependence and 

place identity. Front. Psychol. 2025;16. https://doi.org/10.3389/

fpsyg.2025.1543861

10. Bratman G.N., Hamilton J.P., Hahn K.S., Daily G.C., Gross .JJ. 

Nature experience reduces rumination and subgenual prefron-

tal cortex activation. Proc. Natl. Acad. Sci. 2015;112(28):8567–

8572. https://doi.org/10.1073/pnas.1510459112

11. Alnaim M.M., Mesloub A., Alalouch C., Noaime E. Reclaim-

ing the Urban Streets: Evaluating Accessibility and Walkability 

in the City of Hail’s Streetscapes. Sustainability. 2025;17(7):3000. 

https://doi.org/10.3390/su17073000

12. Lopes A.D., Hespanhol L.C., Yeung S.S., Costa L.O.P. What 

are the Main Running-Related Musculoskeletal Injuries? 

Sports Med. 2012;42(10):891–905. https://doi.org/10.1007/

BF03262301

13. Hsu C.L., Yang C.H., Wang J.H., Liang C.C. Common Run-

ning Musculoskeletal Injuries and Associated Factors among 

Recreational Gorge Marathon Runners: An Investigation 

from 2013 to 2018 Taroko Gorge Marathons. Int. J. Environ. 

Res. Public Health. 2020;17(21):8101. https://doi.org/10.3390/

ijerph17218101

14. Fredette A., Roy J.S., Perreault K., Dupuis F., Napier C., Escu-

lier J.F. Th e Association Between Running Injuries and Training 

Parameters: A Systematic Review. J. Athl. Train. 2022;57(7):650–

671. https://doi.org/10.4085/1062-6050-0195.21

15. Maniar N., Carmichael D.S., Hickey J.T., Timmins R.G., San 

Jose A.J., Dickson J., et al. Incidence and prevalence of ham-

string injuries in fi eld-based team sports: a systematic review 

and meta-analysis of 5952 injuries from over 7 million expo-

sure hours. Br. J. Sports Med. 2023;57(2):109–116. https://doi.

org/10.1136/bjsports-2021-104936

16. Drum S.N., Rappelt L., Held S., Donath L. Eff ects of Trail 

Running versus Road Running—Eff ects on Neuromuscular and 

Endurance Performance—A Two Arm Randomized Controlled 



76

RR
EE
HH
AA
BB
II
LL
II
TT
AA
TT
II
OO
NN

Study. Int. J. Environ. Res. Public Health. 2023;20(5):4501. 

https://doi.org/10.3390/ijerph20054501

17. Jiang X., Sárosi J., Bíró I. Characteristics of Lower Limb Run-

ning-Related Injuries in Trail Runners: A Systematic Review. 

Physical Activity and Health. 2024;8(1):137–47. https://doi.

org/10.5334/paah.3 75

18. Kakouris N., Yener N., Fong D.T.P. A systematic review of 

running-related musculoskeletal injuries in runners. J. Sport 

Health Sci. 2021;10(5):513–522. https://doi.org/10.1016/j.

jshs.2021.04.001

19. Mizutani Y., Taketomi S., Kawaguchi K., Takei S., Yamaga-

mi R., Kono K., et al. Risk factors for hamstring strain injury in 

male college American football players -a preliminary prospec-

tive cohort study. BMC Musculoskelet. Disord. 2023;24(1):448. 

https://doi.org/10.1186/s12891-023-06565-w

20. Безуглов Э.Н., Хайтин В.Ю., Этемад О.А., Лебеденко Е.О., 

Гринченко А.П., Филимонова А.М. Актуальные класси-

фикации мышечных травм: преимущества и недостатки. 

Спортивная медицина: наука и практика. 2024;14(2):45-57. 

[Bezuglov E.N., Khaitin V.Yu., Etemad O.A., Lebedenko E.O., 

Grinchenko A.P., Filimonova A.M. Current classifi cations of 

muscle injuries: strengths and limitations. Sports medicine: re-

search and practice. 2024;14(2):45–57. (In Russ.)]. https://doi.

org/10.47529/2223-2524.2024.2.3

21. Afonso J., Rocha-Rodrigues S., Clemente F.M., Aquino M., 

Nikolaidis P.T., Sarmento H., et al. Th e Hamstrings: Ana-

tomic and Physiologic Variations and Th eir Potential Relation-

ships With Injury Risk. Front. Physiol. 2021;12. https://doi.

org/10.3389/fphys.2021.694604

22. Hespanhol Junior L.C., van Mechelen W., Postuma E., Verha-

gen E. Health and economic burden of running‐related injuries 

in runners training for an event: A prospective cohort study. 

Scand. J. Med. Sci. Sports. 2016;26(9):1091–1099. https://doi.

org/10.1111/sms.12541

23. Millet G.Y., Tomazin K., Verges S., Vincent C., Bonnefoy R., 

Boisson R.C., et al. Neuromuscular Consequences of an Ex-

treme Mountain Ultra-Marathon. PLoS One. 2011;6(2):e17059. 

https://doi.org/10.1371/journal.pone.0017059

24. Vernillo G., Giandolini M., Edwards W.B., Morin J.B., Samo-

zino P., Horvais N., et al. Biomechanics and Physiology of Up-

hill and Downhill Running. Sports Med. 2017;47(4):615–629. 

https://doi.org/10.1007/s40279-016-0605-y

25. Opar D.A., Williams M.D., Shield A.J. Hamstring Strain 

Injuries. Sports Med. 2012;42(3):209–226. https://doi.

org/10.2165/11594800-000000000-00000

26. Ayala F., López-Valenciano A., Gámez Martín J.A., De Ste 

Croix M., Vera-Garcia F., García-Vaquero M., et al. A Pre-

ventive Model for Hamstring Injuries in Professional Soccer: 

Learning Algorithms. Int. J. Sports Med. 2019;40(05):344–353. 

https://doi.org/10.1055/a-0826-1955

27. Kamandulis S., Cadefau J.A., Snieckus A., Mickevicius M., 

Lukonaitiene I., Muanjai P., et al. Th e eff ects of high-veloc-

ity hamstring muscle training on injury prevention in foot-

ball players. Front. Physiol. 2023;14. https://doi.org/10.3389/

fphys.2023.1219087

28. Безуглов Э.Н., Малякин Г.И., Этемад О.А., Баранова Д.С., 

Виноградов М.А., Гончаров Е.Н. Эпидемиология травма-

тизма в ведущей футбольной команде Российской премьер-

лиги в соревновательных сезонах 2021–2022 и 2023–2024. 

Спортивная медицина: наука и практика. 2024;14(4):13-20. 

[Bezuglov E.N., Malyakin G.I., Etemad O.A., Baranova D.S., 

Vinogradov M.A., Goncharov E.N. Injury epidemiology of the 

Russian Premier League leading soccer team during the com-

petitive seasons 2021–2022 and 2023–2024. Sports medicine: 

research and practice. 2025;14(4):13–20. (In Russ.)]. https://doi.

org/10.47529/2223-2524.2024.4.5

29. Rodríguez-Barbero S., González-Ravé J.M., Vanwanseele B., 

Juárez Santos-García D., Muñoz de la Cruz V., González-Mo-

híno F. Eff ects of 20 Weeks of Endurance and Strength Training 

on Running Economy, Maximal Aerobic Speed, and Gait Kine-

matics in Trained Runners. Applied Sciences. 2025;15(2):903. 

https://doi.org/10.3390/app15020903

30. Selandani A.A., Rahman F. Eff ects of aerobic interval training 

on heart rate recovery (HRR) and blood А pressure in over-

weight young adults. Sports medicine: research and practice. 

2025;15(1):17–25. https://doi.org/10.47529/2223-2524.2025.1.3

31. Singh G., Kushwah G., Singh T., Ramírez-Campillo R., Th a-

pa R.K. Eff ects of six weeks outdoor versus treadmill running 

on physical fi tness and body composition in recreationally ac-

tive young males: a pilot study. PeerJ. 2022;10:e13791. https://

doi.org/10.7717/peerj.13791

32. Giandolini M., Horvais N., Rossi J., Millet G.Y., Morin J.‐B., 

Samozino P. Eff ects of the foot strike pattern on muscle activity 

and neuromuscular fatigue in downhill trail running. Scand. J. 

Med. Sci. Sports. 2017;27(8):809–819. https://doi.org/10.1111/

sms.12692

33. Selvakumar S., Li S.M., Fahey P., Cheung R.T.H. Eff ect of sur-

face inclination on vertical loading rate and footstrike pattern 

in trail and road runners. Sports Biomech. 2025;24(11):3242–

3251. https://doi.org/10.1080/14763141.2023.2278163

34. Perrotin N., Gardan N., Lesprillier A., Le Goff  C., Sei-

gneur J.M., Abdi E., et al. Biomechanics of Trail Running Per-

formance: Quantifi cation of Spatio-Temporal Parameters by 

Using Low Cost Sensors in Ecological Conditions. Applied Sci-

ences. 2021;11(5):2093. https://doi.org/10.3390/app11052093

35. Birche r S., Enggist A., Jehle T., Knechtle B. Eff ects of an ex-

treme endurance race on energy balance and body composi-

tion — a case study. J. Sports Sci. Med. 2006;5(1):154–162. 

36. Broskey N.T., Martin C.K., Burton J.H., Church T.S., Ra-

vussin E., Redman L.M. Eff ect of Aerobic Exercise-induced 

Weight Loss on the Components of Daily Energy Expenditure. 

Med. Sci. Sports Exerc. 2021;53(10):2164–2172. https://doi.

org/10.1249/MSS.0000000000002689

37. Fruchart E. Judgments of happiness during trail running: Pleasure, 

engagement, and meaning. Psychol. Sport Exerc. 2021;55:101938. 

https://doi.org/10.1016/j.psychsport.2021.101938

38. Jiménez-Redondo G., Castro-Frecha B., Martínez-Nogu-

era F.J., Alcaraz P.E., Marín-Pagán C. Physiological Responses 

in Trail Runners during a Maximal Test with Diff erent Weight-

ed-Vest Loads. Sports. 2024;12(7):189. https://doi.org/10.3390/

sports12070189

39. Vermand S., Ferrari F.J., Cherdo F., Garson C., Lav-

enant  M., Alex M.C., et al. Running biomechanical altera-

tions during a 40-km mountain race. J. Sports Med. Phys. 

Fitness. 2022;62(10):1323–1328. https://doi.org/10.23736/

S0022-4707.22.13049-5

40. Easthope C.S., Hausswirth C., Louis J., Lepers R., Vercruys-

sen F., Brisswalter J. Eff ects of a trail running competition on 

muscular performance and effi  ciency in well-trained young and 

master athletes. Eur. J. Appl. Physiol. 2010;110(6):1107–1116. 

https://doi.org/10.1007/s00421-010-1597-1

41. Brukner P., Khan K. EBOOK Brukner & Khan’s Clinical Sports 

Medicine [internet]. McGraw-Hill Education; 2019. Available 

at: https://books.google.co.id/books?id=G76ZDwAAQBAJ



77

РР
ЕЕ
АА
ББ
ИИ
ЛЛ
ИИ
ТТ
АА
ЦЦ
ИИ
ЯЯ

42. Medeiros D., Miranda L., Marques V., Ribeiro-Alvares J., Bar-

oni B. Accuracy of the Functional Movement Screen (FMSTM) 

Active Straight Leg Raise Test to Evaluate Hamstring Flexibility 

in Soccer Players. Int. J. Sports Phys. Th er. 2019;14:877–884. 

https://doi.org/10.26603/ijspt20190877

43. Aspetar Hamstring Protocol. Aspetar [internet]; 2025. Available 

at: https://www.aspetar.com/en/professionals/aspetar-clinical-

guidelines/aspetar-hamstring-protocol (accessed 06 June 2025).

44. Trama R., Blache Y., Hintzy F., Rossi J., Millet G.Y., Hauti-

er C. Does neuromuscular fatigue generated by trail running 

modify foot‐ground impact and soft  tissue vibrations? Eur. J. 

Sport Sci. 2023;23(7):1155–1163. https://doi.org/10.1080/1746

1391.2022.2093649

45. Pradas F., Falcón D., Peñarrubia-Lozano C., Toro-Román V., 

Carrasco L., Castellar C. Eff ects of Ultratrail Running on Neu-

romuscular Function, Muscle Damage and Hydration Status. Dif-

ferences According to Training Level. Int. J. Environ. Res. Public 

Health. 2021;18(10):5119. https://doi.org/10.3390/ijerph18105119

46. Tessutti V., Ribeiro A.P., Trombini-Souza F., Sacco I.C.N. 

Attenuation of foot pressure during running on four diff erent 

surfaces: asphalt, concrete, rubber, and natural grass. J. Sports 

Sci. 2012;30(14):1545–1550. https://doi.org/10.1080/02640414.

2012.713975

47. Eston R.G., Mickleborough J., Baltzopoulos V. Eccentric ac-

tivation and muscle damage: biomechanical and physiological 

considerations during downhill running. Br. J. Sports Med. 

1995;29(2):89–94. https://doi.org/10.1136/bjsm.29.2.89

48. Kellis E., Blazevich A.J. Hamstrings force-length relationships 

and their implications for angle-specifi c joint torques: a nar-

rative review. BMC Sports Sci. Med. Rehabil. 2022;14(1):166. 

https://doi.org/10.1186/s13102-022-00555-6

49. Ferro-Sán chez A., Martín-Castellanos A., de la Rubia A., Gar-

cía-Aliaga A., Hontoria-Galán M., Marquina M. An Analysis 

of Running Impact on Diff erent Surfaces for Injury Prevention. 

Int. J. Environ. Res. Public Health. 2023;20(14):6405. https://

doi.org/10.3390/ijerph20146405

50. Waite N., Goetschius J., Lauver J.D. Eff ect of Grade and Sur-

face Type on Peak Tibial Acceleration in Trained Distance Run-

ners. J. Appl. Biomech. 2021;37(1):2–5. https://doi.org/10.1123/

jab.2020-0096

51. Jaotawipart S., Kuruma H., Matsumoto T., Tsutsumi S., 

Takashina H., Iwamoto N., et al. Comparing activity of the 

gluteus maximus and hamstring muscles in fatigue conditions 

between hamstring injury-experienced and inexperienced in-

dividuals. J. Bodyw. Mov. Th er. 2024;40:1693–1701. https://doi.

org/10.1016/j.jbmt.2024.09.008

52. Wang V.Z. Hamstring Strain in Sprinting Athletes: Biome-

chanics, Risk Factors, and Injury Prevention Strategies. Th eo-

retical and Natural Science. 2025;68(1):204–214. https://doi.

org/10.54254/2753-8818/2025.20270

53. Silva M.P ., Fonseca P., Fernandes R.J., Conceição F. Is Run-

ning Technique Important to Mitigate Hamstring Injuries in 

Football Players? Applied Sciences. 2024;14(24):11643. https://

doi.org/10.3390/app142411643

54. Wan X., Qu F., Garrett W.E., Liu H., Yu B. Th e eff ect of ham-

string fl exibility on peak hamstring muscle strain in sprinting. J. 

Sport Health Sci. 2017;6(3):283–289. https://doi.org/10.1016/j.

jshs.2017.03.012 

55. Wan X., Li S ., Best T.M., Liu H., Li H., Yu B. Eff ects of fl exibil-

ity and strength training on peak hamstring musculotendinous 

strains during sprinting. J. Sport Health Sci. 2021;10(2):222–

229. https://doi.org/10.1016/j.jshs.2020.08.001

56. Longo U.G., Steliano G., Berton A., Candela V., Barneschi G., 

Marescalchi M., et al. 2019 Rome Marathon, hamstring inju-

ries in long distance runners: infl uence of age, gender, weight, 

height, number of marathons and impact profi le. J. Sports Med. 

Phys. Fitness. 2021;61(12):1653–1660. https://doi.org/10.23736/

S0022-4707.21.12027-4

57. Skroce K.,  Bettega S., D’Emanuele S., Boccia G., Schena F., 

Tarperi C. Flat Versus Simulated Mountain Trail Running: A 

Multidisciplinary Comparison in Well-Trained Runners. Int. 

J. Environ. Res. Public Health. 2023;20(6):5189. https://doi.

org/10.3390/ijerph20065189

58. Huygaerts S., Cos F., Cohen D.D., Calleja-González J., Gui-

tart M., Blazevich A.J., et al. Mechanisms of Hamstring 

Strain Injury: Interactions between Fatigue, Muscle Activation 

and Function. Sports. 2020;8(5):65. https://doi.org/10.3390/

sports8050065

59. Danielsson A., Horvath A., Senorski C., Alentorn-Geli E., 

Garrett W.E., Cugat R., et al. Th e mechanism of hamstring 

injuries – a systematic review. BMC Musculoskelet. Disord. 

2020;21(1):641. https://doi.org/10.1186/s12891-020-03658-8

60. Davis J.J., Gruber A.H. Leg Stiff ness, Joint Stiff ness, and 

Running-Related Injury: Evidence From a Prospective Cohort 

Study. Orthop. J. Sports Med. 2021;9(5):23259671211011213. 

https://doi.org/10.1177/23259671211011213

61. Tokutake G., Kuramochi R., Murata Y., Enoki S., Koto Y., Shi-

mizu  T. Th e Risk Factors of Hamstring Strain Injury Induced by 

High-Speed Running. J. Sports Sci. Med. 2018;17(4):650–655.

62. Park S.K., Jeon H.M., Lam W.K., Stefanyshyn D., Ryu J. Th e 

eff ects of downhill slope on kinematics and kinetics of the lower 

extremity joints during running. Gait Posture. 2019;68:181–

186. https://doi.org/10.1016/j.gaitpost.2018.11.007

63. Suskens J.J.M., Tol J.L., Kerkhoff s G.M.M.J., Maas H., van 

Dieën J.H., Reurink G. Activity distribution among the ham-

string muscles during high‐speed running: A descriptive 

multichannel surface EMG study. Scand. J. Med. Sci. Sports. 

2023;33(6):954–965. https://doi.org/10.1111/sms.14326

64. Telhan G., Franz J.R., Dicharr y J., Wilder R.P., Riley P.O., 

Kerrigan D.C. Lower Limb Joint Kinetics During Moderately 

Sloped Running. J. Athl. Train. 2010;45(1):16–21. https://doi.

org/10.4085/1062-6050-45.1.16

65. van Dyk N., Bahr R., Burnett A.F., Whiteley R., Bakken A., 

Mosler A., et al. A comprehensive strength testing protocol of-

fers no clinical value in predicting risk of hamstring injury: a 

prospective cohort study of 413 professional football players. Br. 

J. Sports Med. 2017;51(23):1695–1702. https://doi.org/10.1136/

bjsports-2017-097754

66. Sugiura Y., Sakuma K., Fujita S., Sakuraba K. Hamstring In-

jury Prevention Program and Recommendation for Stride Fre-

quency during Tow-Training Optimization. Applied Sciences. 

2021;11(14):6500. https://doi.org/10.3390/app11146500

67. Geraci A., Mahon D., Hu E., Cervantes J.E., Nho S.J. Pre-

vention and Rehabilitation of the Athletic Hamstring Injury. 

Arthrosc. Sports Med. Rehabil. 2025;7(2):101021. https://doi.

org/10.1016/j.asmr.2024.101021

68. Hakam H.T., Kentel M., Kowal M., Królikowska A., 

Reichert P., Daszkiewicz M., et al. Antigravity treadmill train-

ing aft er knee surgery: A scoping review. Adv. Clin. Exp. Med. 

2024;34(6):1011–1024. https://doi.org/10.17219/acem/189612

69. Vincent H.K., Madsen A., Vincent K.R. Role of Antigravity 

Training in Rehabilitation and Return to Sport Aft er Running 

Injuries. Arthrosc. Sports Med. Rehabil. 2022;4(1):e141–e149. 

https://doi.org/10.1016/j.asmr.2021.09.031



78

RR
EE
HH
AA
BB
II
LL
II
TT
AA
TT
II
OO
NN

Information about the authors:

Farid Rahman*, M.Or., Associate Professor, Department of Physiotherapy, University Muhammadiyah Surakarta. Jl. a. Yani Tromol Pos 1 Pabelan, 

Kartasura, Surakarta, Indonesia, 57162. ORCID: https://orcid.org/0000-0001-7397-4306 (farid.rahman@ums.ac.id)

Muhammad Shamil Muwaff aq, Student, Department of Physiotherapy, University Muhammadiyah Surakarta. Jl. a. Yani Tromol Pos 1 Pabelan, 

Kartasura, Surakarta, Indonesia, 57162. (j130235056@student.ums.ac.id)

Rizqy Febriansyah, Student, Department of Physiotherapy, University Muhammadiyah Surakarta.  Jl. a. Yani Tromol Pos 1 Pabelan, Kartasura, 

Surakarta, Indonesia, 57162. (j130235127 @student.ums.ac.id)

Muhammad Raihan Ishad, Student, Department of Physiotherapy, University Muhammadiyah Surakarta. Jl. a. Yani Tromol Pos 1 Pabelan, Karta-

sura, Surakarta, Indonesia, 57162. ORCID: https://orcid.org/0009-0003-4326-9640 (j120229240@student.ums.ac.id)

Azliyana Azizan, PT, PhD, Senior Lecturer, Centre of Physiotherapy, Faculty of Health Sciences, Universiti Teknologi MARA, Jalan Ilmu 1/1, Shah 

Alam, Selangor, 40450, Malaysia. (azliyana9338@uitm.edu.my)

Информация об авторах:

Фарид Рахман*, магистр физиотерапии, доцент кафедры физиотерапии Университета Мухаммадия Суракарта. Jl. A. Яни Тромол Пос 1 

Пабелан, Картасура, Суракарта, Индонезия, 57162. ORCID: https://orcid.org/0000-0001-7397-4306 (farid.rahman@ums.ac.id)

Мухаммад Шамиль Муваффак, студент, кафедра физиотерапии, Университет Мухаммадия Суракарта. Jl. a. Yani Tromol Pos 1 Pabelan, 

Картасура, Суракарта, Индонезия, 57162. (j130235056@student.ums.ac.id)

Ризки Фербрияншах, студент, кафедра физиотерапии, Университет Мухаммадия Суракарта. Jl. a. Yani Tromol Pos 1 Pabelan, Картасура, 

Суракарта, Индонезия, 57162. (j130235127 @student.ums.ac.id)

Мухаммад Райхан Ишад, студент, кафедра физиотерапии, Университет Мухаммадия Суракарта. Jl. a. Yani Tromol Pos 1 Pabelan, Картасура, 

Суракарта, Индонезия, 57162. ORCID: https://orcid.org/0009-0003-4326-9640 (j120229240@student.ums.ac.id)

Азлияна Азизан, PT, PhD, старший преподаватель, Центр физиотерапии, Факультет медицинских наук, Университет Технологии Мара, 

Jalan Ilmu 1/1, Шах Алам, Селангор, 40450, Малайзия. (azliyana9338@uitm.edu.my)

* Автор, ответственный за переписку / Corresponding author


