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Abstract

Recent studies have identified the hip joint as a central component of the human kinetic
chain, playing a pivotal role in optimizing force transmission during movement. Enhancing
its functional capacity represents an effective strategy for enhancing overall physical well-
being and preventing injuries. This study investigates the effects of an eight-week hip joint
functional training program on the health-related physical fitness, hip joint function, and
factors associated with injury risk in university students from a track and field elective class.
A total of 56 participants were randomly assigned to an experimental group (n = 28) or a
control group (n = 28). The experimental group incorporated hip joint functional training,
which comprising dynamic stretching and activation exercises, into their standard physical
education (PE) class activities, while the control group continued with the regular physical
education curriculum. Pre-intervention and post-intervention assessments included hip
joint range of motion (ROM), functional movement screening (FMS), a 50 m sprint, standing
long jump, sit-and-reach test, and spinal health evaluations. Results indicated that the
experimental group demonstrated significant improvements in multi-directional hip range
of motion (ROM), with examples including flexion increasing by 10◦ and external rotation
by 9◦. These improvements were accompanied by significant gains in functional movement
screen (FMS) scores, with significant improvements in the Hurdle Step, whose median score
increased to 3.0, Active Straight Leg Raise, and Rotary Stability components (all p < 0.05)
compared to the control group. Furthermore, the training significantly reduced spinal
asymmetry (axial trunk rotation reduced from 3.86◦ to 3.43◦) and enhanced performance in
the 50 m sprint (−0.26 s) and standing long jump (+0.08 m) (all p < 0.05). These objective
improvements in functional movement patterns, postural alignment, and physical perfor-
mance are associated with key biomechanical factors known to influence injury risk, such
as the demonstrated gains in joint mobility and movement efficiency. Therefore, incorporat-
ing hip joint functional training into college physical education programs may effectively
enhance students’ fundamental movement quality, improve joint stability, and promote
postural health, thereby mitigating key biomechanical risk factors. This approach offers a
practical strategy for educators to improve student physical health in general PE settings.

Keywords: hip joint functional training; physical fitness; college students; injury prevention;
physical education
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1. Introduction
The hip joint, as a pivotal ball-and-socket joint, serves as the primary link between the

trunk and lower limbs. Its stability and mobility are governed by a complex interplay of
musculature, including the powerful gluteal group responsible for extension, abduction,
and rotation; the iliopsoas as the primary hip flexor; and the deep rotators and adductor
groups [1]. This intricate muscular synergy is fundamental for maintaining pelvic align-
ment, facilitating force transmission, and ensuring efficient movement patterns throughout
the kinetic chain [2]. As society develops and lifestyles change, college students’ physical
fitness has shown specific weaknesses [3]. Physical fitness test data indicates that stu-
dents perform poorly in areas such as speed and flexibility, which are directly related to
hip joint function, reflecting a weakening of the core functions of the lower limb kinetic
chain [4]. As the key junction connecting the trunk and lower limbs, hip joint strength,
range of motion, and neuromuscular control capabilities directly govern the efficiency of
running and jumping movements and the extent of limb extension [5,6]. Deficiencies in
hip joint function can hinder fundamental movement efficiency and may increase the risk
of movement-related injuries [7,8]. Among the current college student population, such
deficiencies have become a prominent issue hindering improvements in physical health,
making systematic training targeting hip joint function in regular physical education classes
particularly important [9,10].

Therefore, in recent years, functional training approaches targeting the hip joint have
been recognized for their potential to improve movement quality and prevent injuries in
general populations. Hip joint functional training is a systematic training program that
uses specialized movement patterns to enhance hip strength, flexibility, range of motion,
and neuromuscular control [11,12]. Evidence from athletic populations demonstrates the
efficacy of such training. Multiple studies have confirmed that hip-focused interventions
can enhance athletes’ stability, force output, and movement flexibility [13–16]. For instance,
football players undergoing hip strength training showed significant improvements in
range of motion and reduced risk of groin strains [16], while volleyball players benefited
from enhanced balance through improved hip external rotator strength [17]. However,
these studies exhibit considerable variability in training protocols, and their direct applica-
bility to university students, who typically have lower training volumes, different baseline
fitness levels, and distinct injury risk profiles, is limited. In contrast, evidence regarding
hip functional training in general student populations is less extensive. While some studies
in university settings have shown promising results [18,19], a recent research highlighted
the need for more research specifically in physical education contexts [20]. This gap is
particularly relevant given that the movement deficiencies and injury risks in a general
student population differ substantially from those in elite athletes. Mechanistically, hip
functional training can enhance neuromuscular coordination by stretching and strengthen-
ing hip muscle groups, optimizing joint movement patterns, improving force transmission
efficiency, and enhancing speed and flexibility [21,22]. Investigating the impact of such
training on college students’ physical fitness test performance and overall health levels is
an effective approach to addressing the common issue of insufficient hip-related physical
qualities in this population.

The Functional Movement Screen (FMS) provides a crucial link between hip joint
function and overall movement competency. As a composite assessment of fundamental
movement patterns, the FMS directly reflects the integrated capacity of the hip joint in terms
of mobility, stability, and neuromuscular control [23]. Limitations in FMS components such
as the deep squat, hurdle step, and in-line lunge often originate from or are exacerbated
by hip dysfunction [24]. For instance, inadequate hip flexion or extension range of motion
can compromise squat depth, while poor hip rotational control may manifest as instability
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during lunging movements. Therefore, improvements in FMS scores serve as a practical
indicator of enhanced hip function and its translation to better movement quality and a
key consideration for a student population where fundamental movement competence
is a primary goal. Good hip joint function is essential for adequate range of motion and
is a cornerstone of overall body mobility and flexibility [25]. In activities like running,
adequate hip function contributes to lower limb mechanics and efficiency [26]. Additionally,
stable hip joint function maintains trunk and lower limb force line alignment, which is key
to ensuring postural health [27]. Therefore, hip joint functional training has significant
implications for enhancing an individual’s functional movement capacity and overall
physical health. Current research primarily focuses on exploring the role of hip joint
functional training in enhancing athletic performance in competitive sports, facilitating
rehabilitation for injured populations, and preventing sports injuries. However, evidence
regarding the effects of hip joint functional training on healthy college students is limited.
In conventional physical education settings, practical exploration of hip joint functional
training programs and their effects are also notably lacking.

This study aims to evaluate the effectiveness of an 8-week hip joint functional train-
ing program designed for college students in regular physical education classes and to
explore feasible implementation strategies. Specifically, this study will assess the im-
pact of the training program on hip joint functionality (strength, flexibility, and range of
motion), health-related physical fitness outcomes, and postural health, with the aim of
informing effective strategies for physical education that enhance student physical health.
Based on the existing evidence, we hypothesize that the experimental group receiving
hip-focused functional training will demonstrate significantly greater improvements in
multi-directional hip range of motion, Functional Movement Screen scores, athletic perfor-
mance, and measures of postural health compared to a control group following standard
physical education curriculum.

2. Materials and Methods
The participants were recruited from general track and field elective courses. The

curriculum of these courses comprised two main components: foundational physical
conditioning aligned with the Chinese National Student Physical Fitness Standard, and
instruction in fundamental track and field techniques, such as jumping, hurdling. This
population was specifically selected because they represent the typical college student
enrolled in mandatory or elective PE programs and that’s the primary target for the
proposed intervention. Their baseline physical fitness levels and exposure to a foundational,
non-specialized physical education curriculum directly align with the study’s objective of
improving fundamental, health-related physical qualities through hip joint training. All
participants were required to attend three training sessions per week. The experimental
group received hip joint functional training along with self-directed exercises, while the
control group participated in conventional track and field instruction and regular running
training. Pre- and post-test assessments were administered to all participants, and statistical
analyses were conducted on the pre- and post-test data.

2.1. Participants

The study participants were undergraduate students enrolled in physical education
courses at a public university in Shanghai. A total of 56 students, with a mean age of
18.42 ± 0.50 years and all aged 18 or above, were recruited through an open call. The
inclusion criteria were established to: (1) ensure that any changes in hip function and
performance could be attributed to the training intervention rather than recovery from a
recent injury; (2) isolate the effects of training on healthy hip joint structures; and (3) confirm
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that participants had the baseline neuromuscular capacity to safely and effectively perform
the training and testing protocols. These criteria were essential for minimizing confounding
variables and ensuring the internal validity of the study.

After baseline testing, participants were randomly assigned to either an experimental
group (n = 28) or a control group (n = 28) using a computer-generated random number se-
quence. The allocation sequence was concealed from the researchers enrolling participants
until after baseline assessments were completed. All participants voluntarily participated
in the study and provided signed informed consent. This study adhered to the principles
outlined in the Declaration of Helsinki and was approved by the Ethics Review Committee
of Tongji University (approval number: tjdxsr2025062) [28,29].

A priori sample size calculation was performed using G*Power software (Ver-
sion 3.1.9.7). Based on an anticipated large effect size (f = 0.40) for the primary outcome (hip
ROM), an alpha level of 0.05, and a power (1-β) of 0.80 for a repeated-measures ANOVA
between-factor interaction, a total sample size of 52 was required. We recruited 56 partici-
pants to account for potential attrition.The baseline characteristics of all participants are
presented in Table 1.

Table 1. Participant characteristics (n = 56).

Variable
EG (n = 28)

M ± SD
CG (n = 28)

M ± SD
95% Confidence Interval

t-Value p-Value
Lower Bound Upper Bound

Age (years) 18.40 ± 0.50 18.43 ± 0.50 −0.23 0.29 −0.241 0.810
Height (cm) 170.37 ± 6.32 171.20 ± 6.82 −2.57 4.23 −0.516 0.608
Weight (kg) 57.03 ± 9.12 58.37 ± 9.45 −3.46 6.14 −0.576 0.566

Body fat percentage 20.12 ± 3.05 19.35 ± 3.18 −2.38 0.84 0.992 0.325
Sex (M/F) 14/14 15/13

EG, experimental group; CG, control group. Data are presented as mean ± standard deviation (M ± SD).
Independent samples t-tests were used for between-group comparisons at baseline. Height and weight were
measured using a stadiometer (SECA 213) and a digital scale (Tanita BC-545), with participants in light clothing
and without shoes. Body fat percentage was estimated using the same bioelectrical impedance analysis device
(Tanita BC-545), following a 4 h fast and no strenuous exercise prior to measurement. The sex distribution was
balanced between the experimental and control groups (p > 0.05), which supports the comparability of groups in
terms of flexibility and strength-related outcomes.

2.2. Study Design

To evaluate the effects of a hip-focused functional training program on hip function
and health-related physical fitness in college students, a controlled experimental design
was employed. The study lasted 10 weeks, consisting of one week of pre-testing, eight
weeks of training, and one week of post-testing. The experimental procedure is illustrated
in Figure 1. Performance testing was conducted over two days, with a 48 h interval between
sessions. On Day 1, participants completed the 50 m sprint, seated forward bend, and
hip joint range of motion assessments. On Day 2, they performed the standing long jump,
functional movement screening, and posture and spinal health evaluations. A minimum
rest period of 10 min was provided between tests to ensure adequate recovery [30].

All participants underwent training interventions three non-consecutive days per week:
Monday, Wednesday, and Friday. The experimental group performed self-directed extracur-
ricular exercises on Monday and Wednesday, and performed hip joint functional training
during physical education class on Friday. The control group continued with the standard
university track and field curriculum. This consisted of technical instruction and practice
in running, such as sprints and middle-distance, jumping, and throwing events. Their
Monday and Wednesday sessions consisted of 30 min of continuous running at a moderate
intensity of 60–70% of maximum heart rate. This regimen was designed to reflect typical
college PE activity without introducing the specific hip-focused functional exercises of
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the experimental intervention. The training sessions for both groups were supervised by
three researchers including physical education instructors. After eight weeks of training,
post-tests were administered under standardized conditions and in the same sequence as
the pre-tests. The Testing and training process is illustrated in Figure 2.

Figure 1. Research protocol.

 

Figure 2. Testing and training process.

In the field of sports training, numerous studies employ various functional training
and stretching methods to enhance hip joint function, including strength, flexibility, and
mobility [31]. This study developed a hip-focused training program based on existing
literature and interviews with experts in sports science, physical education, and university
health. The intervention period was set to 8 weeks, following the functional training
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effect cycle identified in the pre-experiment and considering the university’s physical
education course schedule. The hip joint functional training plan is presented in Table 2.
The experimental group participated in three 60 min hip joint functional training sessions
per week. The training load followed a progressive overload principle. During the first
4 weeks, the focus was on mastering movement form and building foundational endurance,
with repetitions maintained at the baseline level. From weeks 5 to 8, the training was
progressed by cueing participants to perform the main circuit exercises, such as the Supine
Hip Thrust and Kneeling Side Leg Lift, with increased range of motion and speed. This
progression was designed to optimize neuromuscular efficiency and promote further
adaptation. Each session followed a circuit training format, with a 30 s rest period between
exercise sets and a 3 min rest period after completing one circuit. Adherence to the program
was monitored by the supervising instructors who recorded attendance and ensured
completion of the prescribed exercises and sets for each session. The overall attendance
and compliance rate exceeded 95%.

Table 2. Hip joint functional training protocol. Abbreviations: ‘m’, meters; ‘r’, repetitions.

Hip Joint Functional Training Content

Stage Reps Set

Warm-up 25 min Slow Jogging 800 m/5 min 1
Static Stretching Leg Pressing 30 s 1

Shoulder Pressing 30 s 1
Dynamic Stretching Knee-to-Chest Heel Raise 30 m 1

Side Knee Lift 30 m 1
Walking Single-Leg Romanian

Deadlift (RDL) 30 m 1

Lunge Downward Press 30 m 1
Side Lunge Walk 30 m 1

World’s Greatest Stretch 30 m 1

Hip joint functional training Supine Hip Thrust 15 r 1
Supine Single—Leg Hip Thrust each side 15 r 1

Kneeling Side Leg Lift 15 r 1
Kneeling Leg Bend Forward 15 r 1

Kneeling Leg Bend Backward 15 r 1
Quadruped Hip Extension (Donkey

Kick) 15 r 1

Seated 90–90 Hip Rotation 15 r 1
Kneeling weighted leg extension 15 r 1

Single-leg front bar hurdle drill on spot each side 15 r 1
Single-leg back bar hurdle drill on spot each side 15 r 1

Forward bar hurdle drill 1
Backward bar hurdle drill 1

2.3. Testing Tools and Variables
2.3.1. Research Tools

This study employed the SAB-ROM Joint Range of Motion Assessment System (Beijing
Cyberfit Technology Co., Ltd., Beijing, China). According to the manufacturer’s technical
specifications, the system demonstrates high intra- and inter-rater reliability [32]. To ensure
measurement consistency in our study, all assessors were trained in a standardized testing
protocol prior to data collection, and we maintained consistent participant positioning
and instrument placement across all trials. The Axial Trunk Rotation (ATR) angle, a key
indicator for scoliosis screening, was assessed using the ScoliosisTester ST-101 electronic
device(Shendong Health Consulting (Shanghai), Shanghai, China). This portable incli-



Appl. Sci. 2025, 15, 11037 7 of 19

nometer is designed to quantitatively measure truncal asymmetry in the Adam’s Forward
Bend Test position, a well-established method for evaluating functional postural alignment
scoliometer [33]. The manufacturer’s specifications indicate that the device meets relevant
safety and quality standards (CE and RoHS certifications). To ensure measurement con-
sistency in the present study, all assessors were trained in a standardized protocol, and
consistent participant positioning and instrument placement were maintained across all
trials. The Functional Movement Screen (FMS)(Yichi Sports (Shandong), Zibo, China) kit
was used according to the standard manual [34]. All devices were calibrated according to
manufacturer specifications before testing. The Seiko S056 stopwatch(Seiko Watch Corpo-
ration, Tokyo, Japan) was used to time the 50 m run [35]. A seated forward bend tester was
used to assess participants’ flexibility. Kinnovea(version 0.9.5) software was used for stride
analysis during running [36].

2.3.2. Research Variables

The research variables related to hip joint function included hip joint range of motion
(ROM) and Functional Movement Screen (FMS) scores. Variables related to athletic perfor-
mance included the 50 m sprint, standing long jump, sit-and-reach test, and stride length.
Postural health was assessed using the scoliosis t-value.

2.4. Testing Methods
2.4.1. Hip Joint Range of Motion Test

This study employed the SAB-ROM system to measure hip joint range of motion.
For each movement, participants performed three consecutive trials. A 10 s rest interval,
determined through pilot testing to be optimal for maintaining movement stability, was
implemented between trials within the same movement. No additional rest was provided
between the different movement tests [37]. The highest value from the trials was recorded
as the final score.

2.4.2. Scoliosis Assessment

This study employed the ScoliosisTester ST-101 electronic device to assess the Axial
Trunk Rotation (ATR) angle, a common clinical indicator of spinal asymmetry [38]. It is
important to note that the ATR measures surface topography and is a screening tool for
asymmetries; it does not provide a radiographic diagnosis of structural scoliosis. The
measured changes in ATR should therefore be interpreted as changes in functional posture
and surface rotation rather than alterations in vertebral alignment. Participants followed
the researchers’ instructions to stand with a flexed torso, and the researchers used the
device to conduct the scoliosis assessment.

2.4.3. Functional Movement Screening

FMS assessments were conducted by two researchers who had completed official
FMS Level 1 certification. Prior to data collection, they underwent additional practice
sessions to ensure scoring consistency. All seven movement patterns were performed
and scored strictly according to the standardized FMS protocol [39], with the researchers
positioned to have a clear view of the frontal and sagittal planes. The total possible score
was 21 points, with participants being scored according to their performance and the
established scoring criteria.

2.4.4. Physical Fitness Test

Participants completed the 50 m sprint, standing long jump, and sit-and-reach tests.
The 50 m sprint, standing long jump, and sit-and-reach tests were conducted following
established procedures from the Chinese National Student Physical Fitness Standard [40],
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which have been widely validated for assessing speed, lower limb power, and flexibility
in this population. For the 50 m sprint, researchers positioned high-definition cameras
along the track, with staff at the starting line providing the signal and teachers timing
the finish. Participants sprinted the 50 m to the best of their ability upon hearing the
start command. Each participant completed two trials, with a 10 min interval between
them. The standing long jump was administered with two trials separated by a minimum
30 s rest period. This protocol adheres to the Chinese National Student Physical Health
Standard and is physiologically grounded in the kinetics of the phosphagen (ATP-CP)
system. As the dominant energy pathway for maximal power output lasting a few seconds,
the phosphagen system undergoes rapid recovery within this 30–60 s window, allowing for
near-peak performance on subsequent trials [41]. The best score was recorded as the final
result. Similarly, during the sit-and-reach test, each participant performed two trials, with a
30 s rest between them. The best score was recorded as the final result.

2.4.5. Stride Analysis

Video footage of the 50 m run test was used for stride analysis, with Kinnovea software
employed to perform stride comparison measurements.

2.5. Control Variables

This study targeted university students enrolled in track and field courses. Participants
were selected based on background variables, including age, gender ratio, and Functional
Movement Screen (FMS) data, which demonstrated homogeneity. The control variables
included training conditions, training frequency, training time, and training load. To ensure
consistency, both the control and experimental groups participated in physical education
classes during the same teaching periods, with identical time allocation for instruction and
training, uniform training load in the teaching content, and consistent training locations,
durations, and intensities throughout the week.

2.6. Data Analysis

All statistical analyses were performed using SPSS 27.0 (IBM Corp., Armonk, NY,
USA). The normality of data distribution for all continuous variables was confirmed
using the Shapiro–Wilk test (p > 0.05). The homogeneity of baseline data between the
experimental and control groups for demographic and outcome variables was assessed
using independent samples t-tests (p > 0.05).

To evaluate the intervention effects, a two-way (Group: EG, CG × Time: Pre, Post)
repeated-measures analysis of variance (ANOVA) was conducted for continuous, normally
distributed data (hip ROM, physical performance tests). For the ordinal FMS data, non-
parametric tests were employed. The within-group (pre-post) changes were analyzed
using the Wilcoxon signed-rank test for both the EG and CG separately. Between-group
comparisons of the change in scores (post-test minus pre-test) were analyzed using the
Mann–Whitney U test. Effect sizes for non-parametric tests were calculated as r (r = Z/

√
N),

with values of 0.1, 0.3, and 0.5 representing small, medium, and large effects, respectively.
The significance level was set at p < 0.05. Partial eta-squared (η2) was calculated as the
effect size for ANOVA, with η2 > 0.14 indicating a large effect size [42].

A post hoc power analysis was conducted using the observed effect size for hip flexion
ROM (η2 = 0.847), which confirmed that the achieved statistical power for this outcome
exceeded 0.99.
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3. Results
3.1. Hip Joint Function and Athletic Performance

The results of statistical analysis showed that after 8 weeks of hip joint functional train-
ing intervention, the experimental group (EG) showed statistically significant improvement
in multiple directions of hip joint range of motion (ROM) (including flexion, dorsiflexion,
left and right internal rotation and external rotation) (all directions p < 0.001). In contrast,
the control group (CG) did not show significant changes during the same period. These
improvements were associated with very large effect sizes (η2 = 0.738 to 0.847), indicating
that the training intervention explained the main part of the result variation. There was a
significant interaction effect between the group (EG vs. CG) and the test time which further
confirmed the effectiveness of the intervention effect. Functional training of the hip joint
can effectively improve the multi-directional ROM. The observed improvements in ROM
indicate enhanced flexibility and joint function. The potential physiological adaptations
underlying these changes are discussed in Section 4.1. These results are supported by the
data presented in Figure 3.

Figure 3. Changes in hip joint range of motion (ROM) before and after the intervention in the
experimental (EG) and control (CG) groups.(a) shows the comparison of hip joint forward flexion
angles between the experimental group (EG) and the control group (CG) before and after the inter-
vention, with p < 0.001; (b) shows the comparison of hip joint back extension angles between the
experimental group and the control group before and after the intervention, with p < 0.001; (c) shows
the comparison of hip joint left internal rotation angles between the experimental group and the
control group before and after the intervention, with p < 0.001; (d) shows the comparison of hip
joint left external rotation angles between the experimental group and the control group before and
after the intervention, with p < 0.001; (e) shows the comparison of hip joint right internal rotation
angles between the experimental group and the control group before and after the intervention,
with p < 0.001; (f) shows the comparison of hip joint right external rotation angles between the
experimental group and the control group before and after the intervention, with p < 0.001.

3.2. Functional Movement Screening and Hip Joint Function

Statistical analysis using non-parametric tests (Table 3) revealed that the experimental
group demonstrated significant improvements in multiple FMS components following the
8-week hip joint functional training intervention. Within-group comparisons using the
Wilcoxon signed-rank test showed significant improvements in the Hurdle Step (p < 0.001),
Active Straight Leg Raise (p = 0.021), Push-up (p = 0.013), and Rotary Stability (p = 0.007)
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for the experimental group, while the control group showed no significant changes in any
FMS components.

Table 3. Analysis of FMS.

Parameter Group n Pre-Test
Median (IQR)

Post-Test
Median (IQR)

Within-Group
p-Value

Between-Group
p-Value *

Effect
Size (r)

Deep Squat EG 28 2.0 (2.0–3.0) 2.5 (2.0–3.0) 0.18
0.421 0.11CG 28 2.0 (2.0–3.0) 2.0 (2.0–3.0) 0.705

Hurdle Step EG 28 2.5 (2.0–3.0) 3.0 (3.0–3.0) <0.001 *
0.002 ** 0.41CG 28 2.5 (2.0–3.0) 2.5 (2.0–3.0) 0.248

In-Line Lunge EG 28 3.0 (2.0–3.0) 3.0 (2.0–3.0) 0.705
0.867 0.02CG 28 2.0 (2.0–3.0) 2.0 (2.0–3.0) 0.705

Shoulder
Mobility

EG 28 3.0 (2.0–3.0) 3.0 (3.0–3.0) 0.18
0.157 0.19CG 28 3.0 (2.0–3.0) 3.0 (2.0–3.0) 0.705

Active Straight
Leg Raise

EG 28 2.5 (2.0–3.0) 3.0 (2.0–3.0) 0.021 *
0.045 * 0.27CG 28 2.5 (2.0–3.0) 2.5 (2.0–3.0) 0.334

Trunk Stability
Push-Up

EG 28 2.5 (2.0–3.0) 3.0 (2.0–3.0) 0.013 *
0.089 0.23CG 28 2.0 (2.0–3.0) 2.0 (2.0–3.0) 0.18

Rotary Stability EG 28 2.0 (2.0–3.0) 3.0 (2.0–3.0) 0.007 **
0.018 * 0.32CG 28 2.0 (2.0–3.0) 2.0 (2.0–3.0) 0.334

EG = Experimental Group, CG = Control Group. Data are presented as Median and Interquartile Range (IQR).
Within-group comparisons (pre vs. post) were analyzed using Wilcoxon signed-rank test. * Between-group
comparisons of score changes were analyzed using Mann–Whitney U test. Effect size for non-parametric tests is
reported as r (r = Z/

√
N). Significance levels: * p < 0.05, ** p < 0.01.

Between-group comparisons of change scores using the Mann–Whitney U test con-
firmed that the improvements in the experimental group were significantly greater than
those in the control group for the Hurdle Step (p = 0.002, r = 041), Active Straight Leg Raise
(p = 0.045, r = 0.27), and Rotary Stability (p = 0.018, r = 0.32), representing medium to large
effect sizes.

These improvements in FMS performance are physiologically linked to the enhanced
multi-directional range of motion of the hip joint observed in this study. The significant
improvement in Hurdle Step performance (r = 0.41) suggests that the training enhanced
the hip joint’s ability to transition between eccentric and concentric contractions during
dynamic postural control, thereby reducing energy leakage. The improvement in Active
Straight Leg Raise supports the enhanced extensibility and reduced neural inhibition of the
hip extensor muscle group.

Hip functional training effectively optimized performance in FMS movements involv-
ing hip dynamic stability. These improvements, along with the enhancement of hip joint
multi-directional range of motion, confirm the training’s positive effects on the synergistic
contraction ability of the hip muscle groups, posterior chain flexibility, and neuromuscular
control efficiency. The training also showed benefits for upper body stability components,
suggesting broader neuromuscular adaptations. However, its transfer effects on some
complex multi-joint movement patterns appeared limited, suggesting that future inter-
ventions could incorporate more whole-body kinetic chain training elements. (All of this
information is presented in Table 3).

3.3. Scoliosis Assessment and Athletic Performance

Statistical analysis indicated that, compared to the control group (CG), the experi-
mental group (EG) demonstrated statistically significant improvements in both athletic
performance and scoliosis indicators following an 8-week hip functional training interven-
tion (p < 0.05).
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The hip functional training intervention resulted in significant enhancements in physi-
cal fitness performance and significant improvements in spinal posture, with its mechanism
being linked to the increased hip range of motion (ROM) shown in the results for hip ROM.
Specifically, increased stride length is directly associated with improved hip extension
ROM (male: 2.50 ± 0.76◦, p < 0.01), reflecting the optimization of the hamstring-gluteal
muscle kinetic chain. The improvement in standing long jump supports the enhanced
concentric-eccentric contraction efficiency of the hip flexor-extensor muscle groups. Train-
ing optimizes the strength-flexibility balance and the synergistic contraction capacity of the
hip musculature, thereby enhancing neuromuscular control efficiency across the hip-pelvis-
spine kinetic chain and improving functional performance in complex movement patterns,
such as running and jumping.

The reduction in ATR is a novel finding. While a mean change of 0.43◦ is below the
commonly cited 3–5◦ threshold considered clinically significant for scoliometer screening,
its interpretation differs in our context of functional training for a healthy population.
This reduction likely reflects improved neuromuscular control and muscular symmetry
around the pelvis and hip, leading to a more neutral functional posture during the Adam’s
forward bend test. Research indicates that even small reductions in asymmetrical load-
ing, if sustained, may lower the risk of developing chronic non-structural postural issues
and associated low back pain over time [43]. Therefore, while not a structural ‘correc-
tion’, this change represents a beneficial shift in a modifiable risk factor, which is highly
relevant for a sedentary student population. Future studies should investigate if such
training can yield larger, clinically significant reductions in ATR in individuals with higher
baseline asymmetry.

This intervention, through integrated hip functional training, simultaneously enhances
three dimensions: athletic performance, flexibility, and postural health, demonstrating the
biomechanical effects of multi-system synergistic enhancement. (All of this information is
presented in Table 4).

Table 4. Analysis of Scoliosis Assessment and Athletic Performance.

Parameter Group n Pre (M ± SD, 95%CI) Post (M ± SD, 95%CI) F-Value p-Value η2

50 m (s) EG 28 8.22 ± 0.77 (7.92–8.52) 7.96 ± 0.75 (7.67–8.25)
55.99 <0.001 *** 0.683CG 28 8.38 ± 0.66 (8.15–8.61) 8.34 ± 0.67 (8.10–8.58)

Standing Long
Jump (m)

EG 28 1.92 ± 0.24 (1.82–2.02) 2.00 ± 0.22 (1.91–2.09)
42.08 <0.001 *** 0.618CG 28 1.98 ± 0.24 (1.88–2.08) 1.99 ± 0.24 (1.89–2.09)

Sit-and-Reach
(cm)

EG 28 18.66 ± 4.60
(16.87–20.45)

21.31 ± 4.71
(19.41–23.21) 66.99 <0.001 *** 0.72

CG 28 15.87 ± 4.60
(14.08–17.66)

16.35 ± 4.65
(14.54–18.16)

Step Length
(m)

EG 28 1.13 ± 0.16 (1.06–1.20) 1.20 ± 0.16 (1.13–1.27)
55.57 <0.001 *** 0.681CG 28 1.14 ± 0.16 (1.07–1.21) 1.14 ± 0.16 (1.07–1.21)

Maximum
Spinal ATR

EG 28 3.86 ± 1.79 (3.13–4.59) 3.43 ± 0.73 (3.15–3.71)
8.58 0.007 ** 0.248CG 28 3.85 ± 1.73 (3.14–4.56) 4.03 ± 2.96 (2.88–5.18)

EG denotes the experimental group, while CG denotes the control group. The data are presented as the
mean ± standard deviation (M ± SD), with 95% confidence intervals (95% CI) in parentheses. All data were
analyzed using two-way repeated-measures ANOVA. The assumptions of normality (assessed using Shapiro–Wilk
test) and sphericity (assessed using Mauchly’s test) were verified prior to the analysis. The F-value and p-value in
the table correspond to the interaction effect (Time × Group). The effect size is reported as partial eta-squared
(η2). The significance level was set at ** p < 0.01, and *** p < 0.001.

4. Discussion
This study assessed the impact of hip function on fundamental movement compe-

tencies, as well as the role of hip functional training in promoting postural health among
college students. The intervention led to significant improvements in hip function, move-
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ment efficiency, and postural alignment, providing empirical support for integrating such
exercises into university physical education to enhance student health.

4.1. The Application of Hip-Focused Exercises in Improving Functional Health

The primary finding of this study is that an 8-week hip-focused functional training
program significantly improved multi-directional hip ROM in a sample of generally healthy
college students. This aligns with research conducted in similar sedentary or general
populations. For instance, one study on sedentary adults and another on university
students also reported comparable improvements in hip mobility following structured
exercise programs [18,44]. While studies on athletes often report larger effect sizes [45],
our results demonstrate that meaningful improvements are achievable in a non-athletic
population through integrated PE curricula. This enhancement in ROM is particularly
relevant for counteracting the negative effects of prolonged sitting, a common behavior
among college students that leads to hip stiffness and compromised movement quality.

The underlying mechanisms for these improvements are multifaceted and interact
synergistically across different physiological levels. While the present study did not directly
measure these parameters, the observed enhancements in ROM and FMS performance can
be plausibly explained by established physiological principles supported by prior research.
The combination of static and dynamic stretching likely improved the compliance and
viscoelastic properties of the connective tissues surrounding the hip joint, as demonstrated
in studies on stretching interventions [46,47]. Concurrently, the functional movement pat-
terns, such as hurdle steps and hip rotations, are posited to have enhanced neuromuscular
coordination and proprioceptive control. Research suggests that such training can optimize
muscle spindle sensitivity and motor unit recruitment, which may account for the more
efficient and stable movement patterns observed in the FMS results [48]. Therefore, the
synergistic adaptation of both the passive and active subsystems likely contributed to
the overall improvement in hip joint function and movement quality observed in this
student population.

4.2. Hip Functional Training in Enhancing Functional Fitness, Postural Health, and
Pedagogical Application

The hip functional training program implemented in this study was designed not only
as a physical intervention but as a pedagogical tool to improve fundamental movement
patterns and support postural alignment through a series of targeted, functional movements.
Its paramount benefits for the college student population lie in this holistic approach to
strengthening the core and lower body, which is essential for counteracting the detrimental
effects of sedentary lifestyles, improving performance in daily activities, and promoting
long-term musculoskeletal health [49].

The training targeted key functional domains. Hip extension exercises are fundamental
for daily activities like rising from a seat and for athletic performance, potentially reducing
strain on the lower back. From a pedagogical perspective, teaching efficient posterior chain
activation is a core principle in physical education [34]. Furthermore, rotational control
exercises and dynamic stretching are posited to enhance postural stability and muscular
balance around the pelvis.

Hip extension training, represented by supine hip extension and knee-supported
backward push exercises, significantly enhances the contraction force and contraction rate
of the hip extensor muscle group by repeatedly reinforcing the synergistic contraction
pattern of the gluteus maximus and hamstring muscles. This foundational strength is
critical for students, as powerful hip extension is the engine behind everything from rising
from a chair and climbing stairs to executing proper lifting techniques, thereby potentially
reducing strain on the lower back. From a neuromuscular physiological mechanism per-
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spective, this training increases the intensity of motor cortex projections to the hip muscle
groups, enhances the synchronized discharge of α motor neuron pools, and improves
the spatiotemporal coordination of motor unit recruitment, enabling efficient energy con-
version during muscle contraction [50]. During the push-off phase, this neuromuscular
adaptation causes the peak of ground reaction force to occur in biomechanical coupling
with the movement phase, providing a powerful propulsive torque for the body’s forward
linear displacement. From a pedagogical standpoint, teaching students to activate their
posterior chain efficiently is a fundamental movement principle that enhances performance
in a wide array of physical activities taught in PE curricula, from running to jumping [51].
Closed-chain training such as single-leg hurdle jumps can optimize the alternating acti-
vation sequence of flexor muscles during the gait cycle through repeated modulation of
proprioceptive input signals,—extensor muscles during the gait cycle, reducing energy
expenditure by optimizing antagonist muscle activation. This simultaneously enhances
acceleration capacity and improves movement economy in sprinting, aligning with the
physiological principles of energy efficiency in muscle work. For the college student, im-
proved movement economy translates to the ability to engage in physical activities with
less fatigue and greater enjoyment, which is a key factor in promoting adherence to a
physically active lifestyle which is a core goal of university physical education.

At the postural control level, the rotational control training designed in the program,
such as seated 90◦ hip rotation and kneeling bar-held leg lifts, utilizes continuous proprio-
ceptive input to dynamically regulate the tension-length relationship of the hip internal
rotator muscle group. From a biomechanical modeling perspective, this regulation balances
the moment arm forces on both sides of the hip in the coronal plane, effectively inhibiting
compensatory pelvic tilt. The mechanism involves the reorganization of the spinal cord-
level postural reflex loop. This subconsciously improved postural control is invaluable
for students who spend long hours studying at desks, as it helps maintain a healthier
spinal posture without conscious effort, mitigating the risk of developing chronic postural
pain [52]. Dynamic stretching and posterior chain stretching exercises can increase the
viscoelastic reserve of the hamstring muscles through adaptations in soft tissue properties
and neuromuscular function [53]. From a tissue mechanical properties perspective, this
significantly improves their passive stretching capacity. The two work together through
the vector superposition effect of forces to reduce the torsional load on the spine, aligning
with the load-sharing principle of spinal biomechanics. This reduction in spinal load is a
direct biomechanical benefit that contributes to the prevention of low back pain, a common
complaint among students, and enhances their comfort and tolerance for both prolonged
sitting and physical exertion [54].

A deeper analysis reveals that the functional coupling design of the training content,
especially multi-plane composite movements such as walking before and after hurdling,
can simultaneously activate hip joint flexion, abduction, and rotation functions. From a
neurokinetic perspective, this three-dimensional movement pattern enhances the neural
drive efficiency of the corticospinal tract to lateral explosive force-related muscle groups,
manifested as a reduction in motor unit activation thresholds and an increase in firing
frequency; simultaneously, by increasing the stiffness of the core-pelvic region (primar-
ily through enhanced co-activation of the transverse abdominis and multifidus muscles),
from the perspective of optimizing force transmission pathways, it reduces force scat-
tering and attenuation during transmission, significantly improving the biomechanical
integrity of force transmission pathways, enabling force transmission between the trunk
and limbs to align with optimal mechanical pathway principles. Teaching students to
generate and transfer force efficiently through movements like these is a primary objective
of functional physical education. It empowers them to move confidently and safely in un-
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predictable environments, which is the ultimate expression of functional fitness transferable
to daily life [55].

Ultimately, this approach achieves synergistic benefits in enhancing athletic perfor-
mance and promoting postural health through three mechanisms: neuromuscular control
restructuring (by improving muscle group spatio-temporal coordination), soft tissue me-
chanical property regulation (by enhancing the viscoelasticity and stiffness matching of
materials), and power chain energy transmission optimization (by reducing energy dis-
sipation during force transmission). This fully highlights the core biomechanical value
of the hip joint as a power hub in the integration of the human musculoskeletal system
and postural control system. Therefore, hip-focused training should not be viewed merely
as a performance-enhancing modality but as an essential component of a comprehensive
university physical education program aimed at fostering resilient, healthy, and physically
literate graduates.

Beyond statistical significance, it is crucial to consider the practical relevance of the
observed improvements. While established minimal clinically important difference (MCID)
values for sprint, jump, or FMS in this specific population are lacking, several indicators
suggest our findings are meaningful. The effect sizes (η2) for key outcomes like ROM
and physical performance were very large (η2 > 0.60), far exceeding the threshold for a
substantial effect. For instance, the reduction in 50 m sprint time (0.26 s) and the increase
in standing long jump distance (0.08 m) represent practically relevant enhancements for
fundamental movement skills in a general student population. Similarly, the improvement
in FMS scores, particularly in movements like the hurdle step, active straight leg raise, and
rotary stability, reflects improved movement efficiency and reduced compensatory patterns,
which are foundational for injury-resilient physical activity [45]. The medium to large effect
sizes (r = 0.27–0.41) for these FMS components further support the practical significance of
these improvements. Therefore, the changes observed are unlikely to be merely statistical
artifacts but are indicative of tangible functional benefits.

4.3. Implications for Health-Oriented Teaching: Integrating Hip-Functional Training into Physical
Education to Enhance Student Well-Being

This study proposes a paradigm shift in physical education pedagogy, moving from a
purely skill-based teaching approach to a “concept-movement integrated” method that ex-
plicitly links functional hip exercises to health education and lifelong well-being. Through a
stepwise training task design, the foundational layer employs static and dynamic stretching
to activate hip joint proprioceptors, establishing neural representations of joint spatial posi-
tion in the motor cortex, thereby laying the perceptual foundation for complex movement
control. This enhanced proprioceptive awareness is a critical health outcome, as it enables
students to maintain better postural control during prolonged sitting in lectures and during
daily activities, directly addressing the postural deficits common in sedentary student
populations. The reinforcement layer incorporates verbal cues such as “hip-dominant force
generation” during single-leg deadlifts to reconfigure neural activation patterns, correct
“knee compensation” errors in movement programs, and establish a force generation se-
quence of “gluteal muscle priority contraction—proximal femur control—core synergistic
stability”. This corrective approach is fundamental to injury prevention, teaching students
movement patterns that protect their joints during both sports and activities of daily living.
The transfer layer employs multi-plane tasks such as hurdle walking, utilizing dynamic
environmental constraints (hurdle height, rotational angle) to reinforce multi-plane hip
joint coordination control, achieving bidirectional reinforcement of neural adaptation and
movement patterns, aligning with the “decomposition-integration” progression of skill
learning. This final stage ensures that the improvements in hip function are not isolated but
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are seamlessly integrated into complex, whole-body movements, thereby enhancing overall
movement competency and safety—the cornerstone of an active, injury-free lifestyle [56].

The “Dual-track behavioral consolidation mechanism” is particularly suited for the
university setting: it leverages an “autonomous training check-in system” to establish a
cognitive-behavioral synergy pathway. From the perspective of behavioral shaping theory,
this closed-loop system activates the dopamine reward circuit through “goal setting—
execution feedback—habit reinforcement”, transforming training behavior from external
requirements into internal motivation, ultimately forming the lifelong ability of “motion
perception—error identification—autonomous correction”. This fosters self-efficacy and
intrinsic motivation for physical activity, which are key psychological determinants for
maintaining exercise habits long after graduation, thus achieving the ultimate goal of
lifelong health [57].

Based on practical experience, the following application solutions are proposed:

(1) Scenario-adapted training methods: Track and field events employ a combination of
“dynamic and static stretching + hip functional training” to enhance the rapid contrac-
tion of hip extensor muscle groups and three-joint coordination efficiency, expanding
ROM while maintaining the elastic stiffness of the ligament-tendon complex. Training
methods must be scenario-adjusted based on the differentiated functional requirements
of the hip joint for specific sports. This principle of specificity ensures that the health
benefits of training are directly transferable to the physical activities that students are
engaged in, increasing the perceived relevance and value of the PE curriculum.

(2) Individualized implementation of training methods: For individuals with limited hip
joint mobility, progressive stretching training is used to first improve iliopsoas muscle
adhesions and then enhance muscle strength; for those with integrated movement pat-
terns, “single-leg balance walking” is employed to strengthen unilateral strength and
bilateral coordination. Training strictly follows the “progressive loading-functional
priority” principle to establish neuromuscular control. This individualized and pro-
gressive approach is essential in an educational context with diverse student abilities,
as it ensures inclusivity, minimizes the risk of exercise-related injuries, and allows all
students to experience success and build confidence in their physical capabilities.

(3) Key Health Benefits and Application Efficacy: Incorporating these exercises into
physical education classes can strengthen the core and pelvic region, improving
overall movement efficiency. Specifically, it helps prevent injuries, improve hip
rotation control, and reduce the risk of anterior cruciate ligament injuries in the knee
joint. For the large population of students with sedentary lifestyles, these exercises are
not merely beneficial but essential [citation would strengthen this claim]. They can
effectively alleviate and prevent lower back pain by correcting muscle imbalances and
optimizing the alignment of the lumbar spine and pelvis, thereby directly combating
a primary musculoskeletal complaint in this population and promoting long-term
postural health.

This integrated model successfully achieves the fundamental objectives of health-
oriented physical education: “injury prevention—health maintenance—lifelong habit for-
mation”. By translating empirical findings into an actionable pedagogical framework, this
study underscores the profound practical value of prioritizing hip-centric functional train-
ing as a core component of a modern, health-focused college physical education curriculum.

4.4. Limitations

This study has several limitations that should be considered when interpreting the
results. First, the relatively small and homogeneous sample of students from a single
university track and field class limits the statistical power and generalizability of our
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findings to the wider college student population, including those less active or from
different cultural backgrounds. Future research should recruit larger, more diverse cohorts
from general PE classes. Second, while randomization was performed, the absence of
allocation concealment details and blinding of participants and assessors may introduce
potential for bias. Third, the FMS testing was conducted after a standardized 5 min warm-
up typical in the PE class, which deviates from the standard FMS protocol that requires no
warm-up to assess baseline functional mobility. This may have inflated the FMS scores and
affected the validity of the results. Fourth, the reliance on the ATR for postural assessment,
as noted in the methods, captures functional asymmetry but not structural change. It is
important to emphasize that ATR is a screening tool and does not provide a diagnosis
of structural scoliosis; the observed changes should be interpreted as improvements in
functional posture rather than structural corrections. The inclusion of more comprehensive
health-related fitness measures, such as muscular endurance and cardiorespiratory fitness,
would have provided a broader perspective on the intervention’s impact. Finally, the
8-week duration precludes any conclusions regarding the long-term persistence of the
observed benefits or their efficacy in preventing injuries over time.

5. Conclusions
This study demonstrated that an 8-week hip-focused functional training program

integrated into standard physical education significantly improved hip joint range of mo-
tion, functional movement quality, and physical performance in college students, while
also reducing measures of spinal asymmetry. These findings indicate that hip joint mo-
bility is a key component of functional fitness, with enhancements in multi-directional
ROM contributing to more efficient and stable movement patterns. The exercise program
effectively improved factors biomechanically associated with injury risk. For practical
implementation, we recommend dedicating approximately 15–20 min, twice per week,
within a standard 90 min PE class to this training protocol. The exercises can be adapted for
various sports disciplines by emphasizing the most relevant hip movements. In summary,
these findings provide preliminary evidence supporting the feasibility of incorporating
hip-functional exercises into undergraduate physical education to enhance fundamental
movement competencies. However, the long-term efficacy and broader applicability of this
approach warrant further validation through larger-scale and longitudinal studies.
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