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A B S T R A C T 

Introduction: The pelvis and acetabulum are critical anatomical structures that support body weight and 
protect vital organs. This study aims to gather data on various anatomical parameters of the pelvis, such as the 
Acetabular Index, Wiberg's Center-Edge Angle (CEA), Femoral Neck Angle, Hip Joint Space, Skinner’s Line, 
and Teardrop Distance, to better diagnose orthopaedic conditions. 

Methods: This descriptive study analyzed data on patients who underwent AP pelvic radiography at Dr. Saiful 

Anwar General Hospital in Malang between January 2021 and December 2023. The data was collected through 
the Radiology Information System (RIS). The study included patients aged 18-40 with adequate AP pelvic 
radiographs and no history of congenital abnormalities, fractures, ligament injuries, or surgeries. The data was 
analyzed using SPSS 25 to find each parameter's mean and standard deviation. 

Results: The study examined the acetabulum's radiological parameters in 200 subjects. Results showed an 
Acetabular Index greater than 33°, indicating a risk of hip dysplasia. The central edge angle was within the 
normal range, the Femoral Neck Angle was below normal, indicating a tendency toward coxa vara; the Hip 
Joint Space was normal, the Teardrop Distance was within the normal range, and the Tönnis Angle was within 
the normal range. 

Conclusions: The study found that the mean Acetabular Index was slightly above the normal range, followed 
by the average Tönnis Angle, which was 5.10°. This indicates a tendency toward inclination, potentially leading 
to hip dysplasia, and other measurements are normal. 
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INTRODUCTION 

The pelvis and acetabulum are essential parts of the human skeletal system, playing a vital role in supporting 
body weight, enabling movement of the lower limbs, and protecting vital organs such as the bladder, 
reproductive organs, and the terminal part of the digestive tract. As the biomechanical fulcrum, the complex 
structure of the pelvis, particularly the acetabulum, is crucial in forming the ball-and-socket joint with the 
femoral head. This joint allows extensive movement while maintaining stability during physical activities.[1] 

The acetabulum consists of three bone components: the ilium, ischium, and pubis, which merge to form the 
cavity where the femoral head articulates. Acetabular development begins early in fetal life and continues 
through adulthood. Initially, the acetabulum forms as a flexible cartilaginous structure, but over time, the 
ossification process transforms it into solid bone, providing better stability for the hip joint.[2] Genetic factors, 
physical activity, mechanical load, and trauma to the pelvic region influence variations in acetabular 
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morphology development. These morphological changes can lead to clinical conditions such as hip dysplasia 
and femoroacetabular impingement. In addition to developmental variations, other factors like trauma or direct 
injury to the pelvis can also affect the acetabular structure.[3,4] 

Various imaging techniques are used to assess the morphology of the acetabulum and the hip joint. 
Anteroposterior (AP) pelvic radiography is the standard method for evaluating several key anatomical 
parameters, such as the Acetabular Index, Wiberg’s Center-Edge Angle (CEA), and the Femoral Neck Angle. 
These parameters provide information about the angle and depth of the acetabulum and the alignment of the 
femoral head within the acetabulum. For example, the Acetabular Index is used to assess the inclination angle 
of the acetabulum. In contrast, the CEA of Wiberg is used to determine the lateral coverage of the femoral head 
by the acetabular roof. Abnormalities in these parameters can indicate hip dysplasia, subluxation, or an increased 
risk of joint degeneration.[5] 

In addition to radiography, three-dimensional imaging techniques such as CT scans and MRIs provide more 
detailed images of bone morphology and the surrounding soft tissues in the hip joint. CT scans are particularly 
useful for assessing complex deformities of the acetabulum, while MRIs are more beneficial for evaluating soft 
tissue conditions, such as labral tears or cartilage damage.[5,6] 

Understanding the anatomy and morphological variations of the acetabulum, as well as the appropriate use of  
imaging techniques, is crucial in managing various orthopaedic conditions, including hip dysplasia, pelvic 
fractures, and femoroacetabular impingement. Accurate evaluation not only aids in diagnosis but also helps in 
planning optimal surgical interventions or rehabilitation therapies for patients. Therefore, this study aims to gain 
various anatomical parameters of the pelvis data, such as the Acetabular Index, Wiberg's Center-Edge Angle 
(CEA), Femoral Neck Angle, Hip Joint Space, Skinner’s Line, and Teardrop Distance for better diagnosing the 
orthopaedic condition. 

 

METHODS 

Study Design 

This research is a descriptive study. Data was collected on patients who underwent AP pelvic radiography at 
Dr. Saiful Anwar General Hospital in Malang between January 2021 and December 2023. The research data 
was collected through the Radiology Information System (RIS) between July and September 2024. Pelvic and 
acetabular anatomical parameters were measured using RIS features. This study received ethical approval from 
the General Hospital Saiful Anwar Ethics Committee with the number (400/293/K.3/102.7/2024). 

Participants 

The population in this study consisted of patients treated at Dr. Saiful Anwar General Hospital, Malang, aged 
18-40 years, who underwent AP pelvic radiographs from 2021-2023. The inclusion criteria included patients 
who had adequate AP pelvic radiographs at Dr. Saiful Anwar General Hospital with no history of congenital 
abnormalities, fractures, ligament injuries, or surgeries in the pelvic and acetabular regions. Exclusion criteria 
included incomplete patient data, such as missing name, age, gender, and patients whose radiological results 
had technical issues that could not be further analyzed. 

Data Collection 

Data was collected by accessing patient's electronic medical records through the hospital's RIS system. After 
obtaining permission for data access, the radiology team analyzed the AP pelvic radiographs. Acetabular 
morphology parameters were measured digitally using measurement software within the RIS. The collected 
data was then exported into a format suitable for statistical analysis. The variables analyzed in this study 
included various anatomical parameters of the pelvis, such as the Acetabular Index, Wiberg's Center-Edge 
Angle (CEA), Femoral Neck Angle, Hip Joint Space, Skinner’s Line, and Teardrop Distance. 
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Data Processing 

Data recording was done digitally and compiled using Microsoft Excel. The range of values for the Acetabular 
Index, Wiberg's Center-Edge Angle (CEA), Femoral Neck Angle, Hip Joint Space, Skinner’s Line (Femoral 
Angle), Teardrop Distance, and Tönnis Angle were presented as descriptive data, showing mean values and 
standard deviations after statistical analysis using Statistical Product and Service Solutions (SPSS) 25th. 

 

RESULTS 

This study was conducted on 200 subjects at Dr. Saiful Anwar General Hospital, Malang, to measure the 
radiological parameters of the hip joint, including the Acetabular Index, Central Edge Angle (CEA) of Wiberg, 
Femoral Neck Angle (FNA), Hip Joint Space, Teardrop Distance, and Tönnis Angle. Figure 1 showed that the 
mean Acetabular Index was 35.33°, slightly above the normal range (30°-33°), indicating a tendency toward 
acetabular inclination, potentially leading to hip dysplasia. All subjects had an Acetabular Index above 33°. 
Meanwhile, the average Central Edge Angle (CEA) of Wiberg was 32.11°, within the normal range (20°-40°), 
demonstrating adequate acetabular coverage of the femoral head, suggesting that most subjects had sufficient 
protection against hip dislocation, as seen in Figure 2. 

Figure 1. Acetabular Index Measurement Result 

 

Figure 2. CEA Measurement Result 

The mean Femoral Neck Angle (FNA) was 122.63°, slightly below the normal value (125°-135°), indicating a 
tendency towards coxa vara in some subjects, which could affect load distribution in the hip joint. Figure 3 
shows that all subjects had FNA values below 125°. Hip Joint Space measurements showed that the average 
superior space was 4.61 mm (Figure 4), medial 5.17 mm (Figure 5), and axial 8.91 mm (Figure 6), reflecting 
relatively preserved joint cartilage. The normal hip joint space does not exceed 6 mm superiorly, 7 mm axially, 
or 13 mm medially. 
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Figure 3. Femoral Neck Angle Measurement Result 

Figure 4. Superior Hip Joint Space Measurement Result 

 

Figure 5. Medial Hip Joint Space Measurement Result 
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Figure 6. Axial Hip Joint Space Measurement Result 

The average Teardrop Distance of 6.86 mm was within the normal range, with 105 subjects falling within the 
normal range of 6-11 mm, indicating that most subjects did not exhibit significant joint space narrowing, as 
seen in Figure 7. Finally, Figure 8 shows the mean Tönnis Angle was 5.10°, also within normal limits (0°-10°), 
indicating that the acetabular tilt in most subjects was normal. However, 100 subjects were closer to the lower 
end of the range (5°-10°), suggesting an increased risk of hip dysplasia. 

Figure 7. Teardrop Distance Measurement Result 

 

Figure 8. Tonnis Angle Measurement Result 
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DISCUSSION 

This study evaluated radiological parameters in 200 subjects, focusing on the Acetabular Index, Central Edge 
Angle (CEA) of Wiberg, Femoral Neck Angle, Hip Joint Space, Teardrop Distance, and Tönnis Angle. These 
results are crucial for assessing potential structural and biomechanical abnormalities of the hip joint, which can 
lead to various pathologies such as hip dysplasia, Femoroacetabular Impingement (FAI), or osteoarthritis. 

The mean Acetabular Index of 35.33° was slightly above the normal range (30°-33°). According to Schwabe et 
al. (2019), an Acetabular Index above normal may indicate an increased risk of hip dysplasia, especially in 
young, active individuals.[7] A high Acetabular Index indicates that acetabular coverage of the femoral head is 
suboptimal, increasing the likelihood of subluxation or dislocation. This aligns with the findings of this study, 
which showed an increased tendency toward dysplasia in individuals with higher-than-normal Acetabular Index, 
potentially leading to early osteoarthritis if left untreated.[8] 

The mean Central Edge Angle (CEA) was 32.11°, within the normal range (20°-40°). A normal CEA indicates 
sufficient acetabular of the femoral head, which is essential for preventing dysplasia. However, a CEA 
approaching 40° can indicate a risk of FAI, a condition where excessive acetabular causes increased friction 
between the femoral head and acetabulum, potentially damaging cartilage.[9] In this study, most subjects had a 
normal CEA, indicating good hip joint stability. 

The average Femoral Neck Angle of 122.63° indicates a tendency toward coxa vara, where the femoral neck 
angle is lower than normal (125°-135°). Coxa vara can cause uneven load distribution on the hip joint, increasing 
the risk of fractures and other biomechanical issues.[10] This reduction in Femoral Neck Angle increases 
pressure on the hip joint, which can accelerate joint degeneration or cause gait disturbances over time. Although 
the difference is slightly below normal, individuals with a lower femoral neck angle require special attention to 
prevent biomechanical complications.[11] 

Hip Joint Space was measured in three parameters: superior (4.61 mm), medial (5.17 mm), and axial (8.91 mm), 
indicating that most subjects still had healthy joint cartilage. Healthy joint cartilage is characterized by a 
sufficiently wide joint space, suggesting no significant cartilage degradation. The normal hip joint space does 
not exceed 6 mm superiorly, 7 mm axially, or 13 mm medially.[12] The maintained Hip Joint Space suggests 
that the subjects in this study did not show early signs of osteoarthritis, although individuals with slightly 
narrowed joint spaces may require further monitoring. 

The average Teardrop Distance of 6.86 mm was also within the normal range (6-11mm). Teardrop Distance is 
a crucial indicator of potential joint space narrowing or hip dysplasia.13 With an average value, this result 
suggests that most subjects in this study had healthy joint structures and no significant narrowing, which is often 
associated with joint degeneration. 

The average Tönnis Angle of 5.10° was within the normal range (0°-10°). This angle measures the inclination 
of the acetabular roof and is an essential indicator of hip dysplasia.14 A Tönnis Angle greater than 10° indicates 
a higher risk of hip dysplasia, which can lead to joint instability and potential femoral head subluxation.[15] 
However, with a mean value of 5.10°, most subjects in this study had normal acetabular inclination and a low 
risk of dysplasia. 

This study's findings indicate that most subjects had normal hip anatomy. However, some indicators warrant 
further attention, such as the slightly elevated Acetabular Index and the lower-than-normal Femoral Neck Angle. 
These findings are consistent with previous studies showing that an increased Acetabular Index can increase the 
risk of dysplasia. At the same time, a lower Femoral Neck Angle indicates coxa vara, which can lead to long- 
term biomechanical issues. Subjects with measurements approaching abnormal limits require monitoring to 
prevent further complications, such as osteoarthritis or hip joint instability. 
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CONCLUSION 

Based on the data from the charts, this study concluded that all 200 subjects exhibited an Acetabular Index 
above 33°, indicating a consistent risk of hip dysplasia. Most subjects (125) had a Central Edge Angle (CEA) 
between 30°-40°, demonstrating good acetabular coverage. However, all subjects had a Femoral Neck Angle 
(FNA) below 125°, indicating a tendency toward coxa vara, which may increase the risk of biomechanical 
issues. Regarding the Hip Joint Space, all subjects had a superior space within the normal range of 3-6 mm, and 
most had medial and axial joint spaces that suggested healthy cartilage. The Teardrop Distance was average in 
105 subjects (6-11 mm), indicating no significant joint space narrowing. Lastly, the Tönnis Angle was within 
normal limits for all subjects, with values between 5°-10° in half of the cases, indicating a low risk of severe 
hip abnormalities. The findings highlight potential biomechanical risks, particularly related to dysplasia and 
coxa vara, requiring careful monitoring in affected individuals. 
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