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ABSTRACT

Hip dysplasia is a pathological condition of the hip joint characterized by abnormal ac-
etabular geometry, resulting in insufficient femoral head coverage. This inadequate coverage, along with the
relative lateral displacement of the femoral head, reduces the articular contact surface, alters intra-articular
loading, and increases mechanical stress throughout the hip joint. Such stress accelerates cartilage wear, mak-
ing patients more susceptible to early-onset hip osteoarthritis. Muscle forces and joint reaction forces are the
primary mechanical factors in hip joint loading, and these forces are altered in patients with hip dysplasia.
Examining the relationship between muscle activity, gait patterns, and joint contact forces can enhance the
understanding of the pathophysiological mechanisms underlying hip dysplasia and aid in developing more
effective treatment strategies. This study aims to analyze these interactions and identify factors influencing
the improvement of hip joint function in individuals with hip dysplasia. The findings and insights derived from
this research can be applied in clinical settings to aid muscle-strengthening exercises, thereby enhancing re-
habilitation and clinical management of such patients. The primary objective of this study is to investigate
and compare the activity of pelvic girdle muscles in individuals with hip dysplasia and healthy controls using
musculoskeletal modeling.

[VIETELE In this study, 10 healthy individuals (mean age: 23+1.68 years) and 10 patients with left-side hip
dysplasia (mean age: 25+2.54 years) were recruited and voluntarily participated. The study aimed to analyze
and compare the activity of the gluteus medius, gluteus maximus, rectus femoris, and tensor fascia lata (TFL)
muscles in the two groups. The OpenSim software, version 4.4 utilized gait data from healthy and dysplastic
participants to calculate and analyze muscle activity for further investigation.

[EHTE No significant differences were observed in the demographic characteristics of participants between
the healthy and dysplasia groups (P>0.05). However, the significance level of muscle activity in the gluteus
medius, TFL, and rectus femoris muscles was <0.05. The gluteus medius and TFL muscles exhibited signifi-
cantly higher activity in individuals with hip dysplasia compared to the control group. Additionally, the gluteus
maximus muscle activity increased relative to the control group. Conversely, the rectus femoris muscle dem-
onstrated a decrease in activity.

This study demonstrated that individuals with hip dysplasia exhibit elevated muscle activation lev-
els during the gait cycle compared to healthy controls. Furthermore, the GRFs and center of pressure dynam-
ics showed distinct patterns in the dysplasia group. The altered biomechanics of hip dysplasia shorten the
muscle moment arm, necessitating greater muscle forces to achieve the required joint torques. These find-
ings highlight that increased muscle activity in hip dysplasia impairs movement efficiency and elevates intra-
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Introduction

ip dysplasia is a pathological condition

characterized by abnormal acetabular

morphology, resulting in inadequate fem-

oral head coverage. This insufficient cov-

erage, combined with lateral displacement of the femoral

head, reduces articular contact areas, disrupts joint load

distribution, and increases mechanical stresses on the

joint. Such alterations exacerbate cartilage degeneration

and predispose patients to early-onset hip osteoarthritis.

Muscle and joint reaction forces are critical mechanical

determinants of hip joint loading, which are significantly

altered in patients with hip dysplasia. The objective of this

study is to evaluate and compare the activation patterns

of key pelvic girdle muscles, including the gluteus me-

dius, gluteus maximus, rectus femoris, and tensor fascia

lata (TFL), during gait in individuals with hip dysplasia
versus healthy controls.

Furthermore, the study aims to elucidate the relation-
ship between muscle activity and gait biomechanics to
advance the understanding of the pathophysiological
mechanisms underlying hip dysplasia. This investigation
seeks to inform the development of more targeted thera-
peutic and rehabilitation strategies. The findings can be
applied clinically to enhance muscle-strengthening inter-
ventions and optimize the management of patients with
hip dysplasia.

Methods

This study was a comparative, quasi-experimental, and
applied research. The sample size was calculated using
G*Power software, version 3.3.1, considering an alpha
value of 0.05, a power of 0.8, and a medium effect size
of 0.5, resulting in 20 participants. The study included
10 healthy individuals with a mean age of 23+1.68 years
and a mean weight of 70.45+6.93 kg, along with 10 pa-
tients with unilateral left-sided hip dysplasia, with a mean
age of 25+2.54 years and a mean weight of 72.79+6.54
kg. The participants voluntarily participated in the study
to analyze and compare the activity of the gluteus me-
dius, gluteus maximus, rectus femoris, and TFL muscles.
Healthy participants were included if they had no history
of hip disorders or surgeries.

In contrast, patients with hip dysplasia were required to

have a confirmed diagnosis of left-sided dysplasia, clear
clinical symptoms, and moderate disease severity. The
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exclusion criteria for both groups included new joint is-
sues, absence of consent, or unwillingness to continue
participation. All patients were diagnosed by a physician
and radiographic imaging. Gait data were collected using
motion analysis systems for kinematic data and an elec-
tromyography (EMG) device for muscle activity. These
data were processed in OpenSim software to model mus-
culoskeletal dynamics and extract muscle forces. A force
plate was positioned in the center of the motion analysis
camera field, and markers were placed on participants
following the plug-in gait protocol. After calibration and
equipment validation, the environment was prepared for
data collection. Muscle activity was recorded using an
8-channel Megawin EMG system with electrodes placed
according to the SENIAM (surface EMG for non-inva-
sive assessment of muscles) protocol. The sampling fre-
quencies were set at 100 Hz for motion analysis and 1000
Hz for EMG. Gait data from healthy and dysplastic par-
ticipants were recorded and used in OpenSim software,
version 4.4 to calculate muscle activity. The processed
data were then used for musculoskeletal modeling and
analysis.

Results

No statistically significant differences were observed in
the demographic characteristics between the control and
dysplasia groups (P>0.05). Independent t-test revealed
significantly higher activation levels of the gluteus me-
dius and TFLe in the hip dysplasia group compared to
the control group (P<0.05). In the present study, the activ-
ity of the gluteus medius and TFL muscles was analyzed.
The findings align with those of previous studies, indicat-
ing that muscle activity increases due to the shortening
of muscle length, which increases inter-joint forces. This
outcome suggests greater muscle activation. The activ-
ity of the gluteus medius and TFL muscles increases in
individuals with hip dysplasia compared to the control
group, primarily due to the reduced moment arm of these
muscles in dysplastic hips. Additionally, this study exam-
ined the activity of the rectus femoris muscle alongside
other muscles in patients with hip dysplasia and healthy
individuals. Similar to prior research, rectus femoris ac-
tivity decreased, unlike the increased activity observed in
other muscles. The activity of the gluteus maximus mus-
cle in this study also showed an increase compared to the
control group, consistent with the findings of Harris and
colleagues. Hip dysplasia is a structural abnormality that
leads to biomechanical and functional changes in the hip
joint, significantly affecting gait patterns. This study com-
pared the electrical activity of the gluteus medius, gluteus
maximus, TFLe, and rectus femoris muscles between
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patients with hip dysplasia and healthy controls. The re-
sults showed that the gluteus medius, gluteus minimus,
and TFLe muscles exhibited increased activity in patients
with hip dysplasia compared to the control group. This
increased activity was due to the greater effort required by
these muscles to stabilize the pelvis and compensate for
hip joint instability due to the reduced lever arm lengths.
In contrast, the activity of the rectus femoris muscle was
reduced in the dysplastic group, which was associated
with a decreased internal extensor torque at the knee and
limitations in controlling knee flexion. Additionally, the
gluteus maximus muscle demonstrated increased activ-
ity in patients with hip dysplasia to compensate for the
reduced lever arm and joint instability. Reducing the lever
arm length of the abductor and extensor muscles increases
joint reaction forces and stress on the hip joint, which may
lead to pain, fatigue, and joint damage over time. Restora-
tion of the joint’s geometry and reconstruction of the lever
arm through surgical or rehabilitative interventions may
improve muscle function, reduce excess load, and prevent
joint degeneration.

Conclusion

This study observed that hip dysplasia increased the
activity of the surrounding muscles, particularly the ab-
ductors. This heightened muscle activity translates into
greater muscle force, which imposes additional stress on
the joint and other skeletal structures. This excessive load
can reduce movement efficiency and result in cartilage
damage and joint degeneration. The increased muscle
force may also give rise to compensatory movement pat-
terns, which minimize movement efficiency and place
extra strain on other joints, such as the knees and lower
back, thereby increasing the risk of secondary injuries.
To address hip dysplasia, structural correction of the joint
and improving the acetabulum’s position through surgi-
cal procedures such as periacetabular osteotomy or shelf
acetabuloplasty can help alleviate excessive joint stress.
Additionally, rehabilitation and physical therapy pro-
grams are essential to strengthen the muscles and correct
movement techniques. These interventions can promote
better force distribution within the joint, reduce excessive
muscle loading, and prevent secondary injuries.
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6. Independent Samples T-Test
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7. MATLAB

Filtered Signal

Magnitude

Time (milise conds)
RMS Signal

PMS

Time (milise conds)
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