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ABSTRACT

Purpose of the study: To identify and analyse differences in posterior thigh muscles flexibility profiles between recreational runners on trail and
road surfaces.

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

Results: The p-value was 0.321 for the right posterior thigh muscles and 0.927 for the left, indicating no statistically significant differences in flex-
ibility between groups.

Conclusions: The type of running surface did not demonstrate a measurable effect on posterior thigh muscle flexibility in the study population. The
findings 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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PE3IOME

Ilenp MccneqoBaHMsA: BbIABUTD U IPOAHATN3NPOBATh PAs/INYysi B MPOGWIAX TMOKOCTU MBIIIL 3a/Hell IPyIIbl Gefpa y GeryHoB-mobuTeeit,
6eramyx o mepecedeHHON MECTHOCTH I HIOCCe.

MeTopgs!: B 3TOM HaO/IIOATEIBHOM IIONIEPEYHOM UCCIETOBAHNN YIaCTBOBAIN 78 6eTyHOB-TI00MTeNel, 0TOOPaHHbIX C IOMOIIBIO Ile/IeHAIPaB/IeH-
HOIT BBIOOPKI. [MOKOCTD MBILILL 3ajIHElT IPYIIIBI Oefjpa OLleHNBA/IACh C IIOMOIbI0 MHK/INHOMETPA C MOMOIIBIO [TACCUBHOTO MOJbeMa IIPsIMOIl HOTIL.
JlaHHbIe aHAIM3MPOBAICH C IIOMOLIBI0 HE3aBUCUMOTO f-KPUTEPYS [OC/Ie IIPOBEPKI Ha HOPMAIbHOCTD U OFHOPOJHOCTb.

PesynbpraTsl: 0OHAPY>KEHO OTCYTCTBUE CTATUCTUYECKI 3HAYNMMbIX Pas/IN4IMil B THOKOCTI MEX/Y IIPAaBbIMU U JIEBHIMY MbIIII[AMI 3a/fHelt TPYIIIIbI
6enpa (p = 0,321 u p = 0,927 COOTBETCTBEHHO).

BrIBOJbI: B XOJie MICCIEOBAHS He ObIIO BBISB/IEHO 3HAYMMOTO BIVIAHMS THIIA IOBEPXHOCTI A/isA 6era Ha IMOKOCTD MBIIILL 3aHel TPyl 6epa
y y4aCTHMKOB uccregoBanys. OTMedeHa BaXKHOCTb BHELPEHS TPEHNPOBOYHOI IPOrpaMMBbl /IS YKPeIUIeHNs ¥ TPOGIUIAKTUKY TPaBMaTU3Ma MbIIIII]
3ajHeil rpyIbl Geppa.

KrroueBbie c1oBa: II0BEPXHOCTD TPOIIBI, TIOBEPXHOCTD JOPOTH, OryH, TpaBMa IMOAKONIEHHOTO CYXOXKI/INSA, YIPaKHEHe

KoH}IMKT MHTepecoB: aBTOPbI 3aABJIAIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
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*ABTOP, OTBETCTBEHHBIN 3a nepenmncKy

1. Introduction running injuries [12-14], with incidence rates of 0.2 to 0.7

Running is an activity that has grown rapidly globally and per 1000 training hours. This injury is more prevalent among
in Indonesia over the past decade. Running activity increased high-mileage runners (more than 60 kilometers per week),
by 39 % in 2023 compared to 2022, with 53 % of runners be- athletes engaged in interval or trail running, and runners
ing amateurs [1]. Community growth is also evident, with over the age of 35 [15].
the global running community projected to increase by 59 % Both trail and road runners are susceptible to posterior
in 2024 [2, 3]. The same trend is also occurring in Indonesia, thigh muscles injuries. In road running, repetitive motion
with more than 80000 active runners recorded in 2024 [4, 5]. and acceleration contribute to strain risk, while in trail run-
However, despite this growth, the average daily step count of ning, the risk is elevated during downhill movement, on slip-
Indonesians remains at 5375, well below the recommended pery terrain, or in sudden directional changes, which involve
11000 to 12000 steps per day as recommended by National high eccentric posterior thigh muscles loading [16-18]. Key
Institutes of Health (2020) [6-8]. Road running is the most factors in posterior thigh muscles injuries include muscle
popular due to its accessibility and safety, while trail running strength, the posterior thigh muscles-to-quadriceps (H/Q)
is growing rapidly thanks to the significant motivation of ratio, previous injury history, and particularly posterior thigh
emotional well-being and closeness to nature [9-11]. muscles flexibility [19, 20].

Running, however, is a high-risk activity for musculo- Furthermore, some studies show that flexibility can re-
skeletal injuries due to repetitive mechanical loading and duce posterior thigh muscles injuries during running activi-
training errors. The most common injuries include patello- ties. Additionally, a review by Afonso et al. (2021) [21] states
femoral pain, iliotibial band syndrome, shin splints, plantar that posterior thigh muscles flexibility is still not a significant
fasciitis, posterior thigh muscles strains, and Achilles tendi- risk factor for injury. However, biomechanical studies show
nopathy. Posterior thigh muscles injuries are not most preva- that muscles with poorer flexibility have lower force absorp-
lent injury. However, this type of injury received significant tion capacity, thereby increasing the incidence of injury, es-
attention, accounting for 5 to 15 percent of long-distance pecially during stretching.
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Research comparing posterior thigh muscles flexibility 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 influence posterior thigh muscles
strain differently. This makes it a relevant area for further in-
vestigation [22-24].

Analysing posterior thigh muscles flexibility in trail and
road runners is essential for guiding physiotherapists in de-
veloping targeted injury prevention and rehabilitation strat-
egies. The findings 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].

The aim of the study was to identify and analyse the differ-
ences in posterior thigh muscles flexibility profiles between
trail and road runners. The hypothesis of this study is that
different running surfaces, namely road surfaces and cross-
country terrain, may result in differences in mechanical load
and in the regulation of the musculoskeletal and neuromus-
cular systems. However, there is no significant difference in
the elasticity (flexibility) 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 classified as a high-impact aerobic exercise that en-
gages large muscle groups to enhance cardiovascular fitness.
Bearbero reported that endurance and strength training im-
prove running economy, VO, max, and gait efficiency [29,
30]. Furthermore, research by Singh in 2022 found that out-
door running is more effective than treadmill running for
improving fitness and muscle mass [31].

The flat 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.
This activity emphasises the body’s adaptation to uneven and
unstable routes and surfaces with elevation differences, ob-
stacles, and challenges [34]

Similar to road running, trail running also offers signifi-
cant health benefits. 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 scientific
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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 affecting mood.
Due to its uneven terrain and inclines, trail running increas-
es metabolic energy expenditure or energy use compared to
regular running on flat surfaces or using a treadmill, making
it an excellent programme for individuals pursuing an ideal
body weight [35-38].

The terrain in trail running consists of irregular surfaces
like rocks, soil, and roots, which demand greater balance
and dynamic stability. This results in shorter, more variable
strides and longer ground contact time for stabilisation. The
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 different surface characteris-
tics, which result in different demands and physical exertion.
Therefore, it is crucial for the body to adapt to running on
these surfaces (Table 1).

3. Methodology

3.1. Study design

This study used a cross-sectional approach to analyse
posterior thigh muscles flexibility differences 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. This
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/1/2023.

3.2. Subjects

This study included 78 runners who underwent posterior
thigh muscles flexibility assessments. The sample size was de-
termined using G*Power for an independent-samples ¢-test,
with a significance level of 0.05, power of 80 %, and an ex-
pected effect size of 0.5, yielding 78 participants were selected
using purposive sampling in accordance with predefined 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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Table 1

Biomechanical load of trail and road running [38]

Tab6bnumna 1

BuomexaHnyeckas Harpyska npu 6ere 1o nepece4eHHoit MeCTHOCTH 11 mocce [38]

Variable Road Running

Trail Running

Stride

Long and consistent strides due to flat surfaces

Short and quick strides, characterised by increased cadence
and adjustments to varying terrain conditions

Contact Time .
more efficient

Generally shorter due to flat terrain, making running

Tends to be longer as runners are more cautious when
stepping and landing

Impact Forces
complex surfaces

Relatively high due to faster speeds and more

Relatively low due to slower speeds and more careful landing
techniques

Joint Movements .
variation

Stable and predictable movements with minimal

More dominant characteristics include knee flexion and ankle
dorsiflexion to adapt to the terrain

R ing E ..
unning teonomy and minimal obstacles

More effective and efficient due to consistent paths

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. This increases the adaptive load and demands on
neuromuscular performance

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

The primary outcome was posterior thigh muscles flex-
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 flexibility.
Key exposure variables included previous injury history and
weekly running distance over the past 3-6 months, assessed
through self-reported questionnaires and fitness tracker data.
To reduce bias, researchers used random sampling, validated
instruments, and standardised measurement procedures.

3.4. Procedure for measuring posterior thigh muscles
flexibility 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

The research team can ensure that the inclinometer is cal-
ibrated and the instrument is at 0 degrees when positioned
on the tibia or femur.
¢. Movement manoeuvre

1. The assessor passively lifts one leg (right or left) while
ensuring knee extension and mobility occur at the hip
joint.

2. The assessor ensures the contralateral limb remains
straight to prevent lifting or compensation, which can
be manually held in place with a belt or by another
assessor.
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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. The 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
flexibility 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 flexibility 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 ¢-test with a two-tailed
significance level of p < 0.05, while the Mann-Whitney
U test was applied when normality assumptions were not
met. In addition to p-values, effect sizes were calculated us-
ing Cohen’s d to determine the magnitude of differences
between groups, with values interpreted as small (= 0.2),
moderate (= 0.5), or large (= 0.8). Negligible effect sizes in-
dicate limited practical or clinical differences despite statisti-
cal findings. Demographic characteristics, including runner
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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 identified. 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, five participants were
excluded due to incomplete data, yielding a final sample of 78
runners included in the analysis.

Descriptiveanalysis showed the meanage was27.67 + 4.76
for road runners and 23.36 + 4.72 for trail runners (range:
18-34 years). Mean right posterior thigh muscles flexibility
was 95.89 + 14.04 in road runners and 92.69 + 13.66 in trail

Assessed for gllighility by October 1st, 2023 (n=177)

. .

Excluded (n=54)

< 18 or >35 years (n=68)
* |njury last 6 months (n=12)
* Refusetoparticipate (n=14)

Included (n=83)

(n=83)

Included in the study and according to study criteria

e  Average running activity 32,19 km weekly
Age between 18-35
*  Runspecifically on concrete and hill (trail) track

Data entry is incomplete or answers
are not compatible (n=5)

Analysed (n=78)

Follow-up (n=78)

Fig. 1. Flow Chart Diagram for Research Sampling
Puc. 1. Bnok-cxema BbIGOPKM nccnegoBaHus
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Table 2
Descriptive Characteristics of Trail and Road Runners
Tabnuma 2

OmnucarenbHbIe XapaKTEPUCTNKN GCFYHOB mo nepece'lem{oﬁ MECTHOCTHU 1 IIOCCE

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

Variable
N | % | Mean+SD | Min |Max|Sig*| N | % | Mean*SD |Min | Max | Sig*
Demographics
Age 39 |100 |27.67 £4.76 |18 |34 39 100 |2336+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 (°) 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 (°) 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
Tliotibial 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. ** The 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 significance value p > 0,05; NA =
Not Available (data not provided)

ITpumevanue: * IIpoBepka OHOPOZHOCTI MEXAY rpymiaMu A u B. ** TpaBma mpousolia 6ojee 1ecTy MecsIleB Ha3all 11 B HAacTOsIIee BpeMs
OTCYTCTBYeT.

Mean + SD = Cpennee * cTaHAapTHOe OTKIOHeHMe; Min / MaX = MMHMManbHOE ¥ MAaKCUMMalbHOE 3HAYeHMs; Sig¥ = cTaTMCTUYecKas
3HAYMMOCTD IIpM p > 0.05; NA = HeT JaHHBIX (JaHHbIE He IIOTyYeHbI)

Table 3
Comparison of Posterior thigh muscles Flexibility Between Trail and Road Runners
Tab6bnuma 3

CpaBHeH1e I'IGKOCTY MBI 3a/{Heli IPYNIbI 6eipa y 6eIyHOB 110 IepeceYeHHOI MeCTHOCTH I IO LIocce

Variable
Right Posterior thigh muscles Flexibility

Road Runners (n = 39) Effect Size (Cohen’s d)
95.89 + 14.04 0.310 0.230
93.97 £14.33 0.920 0.008

Trail Runners (n = 39) p-value
92.69 + 13.66

93.85 + 14.35

Left Posterior thigh muscles Flexibility

runners. Left posterior thigh muscles flexibility 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 significant differences in posterior
thigh muscles flexibility between trail and road runners for
either side (right: p = 0.310; left: p = 0.920). The mean right
and left posterior thigh muscles flexibility 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 ¢-test
was used for the right side (normal distribution), and the
Mann-Whitney test for the left (non-normal distribution).
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Effect sizes (Cohen’s d = 0.230 and 0.008) suggest negligible
differences 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
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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.

The 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 influences, and
injury risk; however, biomechanical analyses reveal distinct
differences. Trail runners experience greater eccentric con-
traction loads, particularly when navigating downbhill 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 flexibility, the re-
petitive and rhythmic nature of road running may lead
to muscle stiffness 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. The ability to absorb impact, especially
on the knee joints on these surfaces, can increase posterior
thigh muscles stiffness 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. This variation results in a compa-
rable risk of repetitive microtrauma and reduced posterior
thigh muscles flexibility over time, similar to that observed in
hard-surface runners. These biomechanical differences un-
derscore the importance of incorporating flexibility 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 often 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
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landing may cause cumulative overload, potentially resulting
in chronic posterior thigh muscles injuries.

Factors determining posterior thigh muscles flexibil-
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 flexibility issues.
Additionally, running form also affects 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 efliciency. 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 flexibility. Dynamic stretching is rec-
ommended before running activities as it enhances posterior
thigh muscles efficiency [51-53].

The study revealed a negative correlation between low
posterior thigh muscles flexibility and peak strain during
running, indicating that reduced flexibility leads to increased
muscle strain and a higher risk of injury. Conversely, good
flexibility 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 significant dif-
ferences in static balance outcomes (BESS), VO, 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 offers a stable, rhythmic activity that
effectively 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].

The running surface influences how runners adjust their
stride to maintain balance, with leg muscle stiffness varying
depending on surface type. On hard surfaces like asphalt or
concrete, leg stiffness tends to decrease, while on elastic sur-
faces such as grass or soil, stiffness increases. Both low and
high levels of limb stiftness pose risks of injury to bones, liga-
ments, and muscles, including the posterior thigh muscles.
Low stiffness can impair elastic movement control, reduc-
ing the muscles’ and tendons’ ability to absorb and regulate
forces efficiently. Conversely, high stiffness often correlates
with reduced muscle flexibility, which hinders movement
efficiency 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 stiftness 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 stiffness 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 flexion 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 intensifies during
downbhill or trail running, increasing workload and inflam-
mation risk. This demands more negative work from the hip
and knee. As downbhill gradients grow, ankle force declines,
shifting greater load to the knee. Trail runners should focus
on knee flexion 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 significantly
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 flexibility is not the
sole factor contributing to posterior thigh muscles injuries.
Studies have shown that while flexibility 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
significant 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 effective 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 differ-
ent biomechanical challenges. For runners who are used
to hard surfaces (asphalt or concrete), physiotherapy can
optimise running biomechanics analysis to identify inef-
ficient 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. This is an effort in the preventive
programme for runners.

Preventive programmes serve not only to reduce injury
risk but also to improve running performance. These pro-
grammes should be structured according to specific goals
and focus on three essential components: strength, agility,
and flexibility, all of which influence the risk of posterior
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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 deficits, 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 flexibility [67]. Thus,
physiotherapy interventions should focus on individual risk
profiles and prevention rather than symptoms and post-in-
jury therapy.

The clinical practice implications for trail runners in-
clude training strategies that enhance physical capacity, par-
ticularly proprioception, balance, core strength, and efficient
running form adapted to trail environments. These strategies
are especially relevant for preventive programs to reduce the
risk of posterior thigh muscles and other running-related
injuries. In physiotherapy, the findings support the develop-
ment of intervention and rehabilitation programs during the
sport-specific, 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].

This study has several limitations. The 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.
These variables may influence posterior thigh muscles flex-
ibility both directly and indirectly. Although flexibility is im-
portant, it is only one component in a complex system related
to injury risk. Focusing solely on flexibility, without consid-
ering elements such as muscle strength and neuromuscular
coordination, is unlikely to significantly reduce posterior
thigh muscles injury incidence. This study considers data on
differences in exercise intensity or the type of shoes worn by
respondents. The 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

This study found that the type of running surface did not
demonstrate a measurable effect on posterior thigh muscle
flexibility in the study population. The findings of this study
underscore the importance of implementing targeted train-
ing programs aimed at both preventing injury and strength-
ening the posterior thigh muscles.
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