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ABSTRACT

Aim: Defining and treating adult and adolescent acetabular dysplasia before arthrosis develops is one of the basic principles of hip-
preserving surgery. During the evaluation of cases with asymptomatic or mild symptoms, the severity of the acetabular covering
deficiency directs the treatment. We attempted to find answers to two questions with our study: 1) Are the values revealed by the
described measurement technique sufficient to detect acetabular dysplasia? 2) Do the criteria calculated by the current technique
correlate with the well-known radiological criteria for acetabular dysplasia?

Material and Method: Eighteen hips of patients who had undergone periacetabular osteotomy evaluated by computed tomography
(CT) between June 2009 and February 2019 were included in the study (Group 1, dysplasia group). Eighteen patients of similar
age and sex, who had tomography examination from the pelvic region, except for orthopedic reasons, were identified between the
same dates (Group 2, control group). In the tomography examinations of the patients, the entrance area of the acetabulum was
determined using the multiplanar reformation (MPR) technique. Acetabulum volume and femoral head volume was calculated
according to the spheric cup measurement method. Acetabular index (AI), extrusion index (EI), Sharp angle (SA), lateral center
edge angle (LCEA), and anterior center edge angle (ACEA) values were calculated from direct radiography and CT of the patients.

Results: In the comparative analysis between the groups, a significant difference was observed in terms of acetabular volume,

VBADSI, Al EI, LCEA, SA, and ACEA values (p<0.05).

Conclusion: Acetabular volume measured using the spheric cup method and the VBADSI proved to be criteria that could
contribute to the diagnosis of acetabular dysplasia. It would be appropriate to measure the described method with a larger series

to reveal values peculiar to specific communities.
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INTRODUCTION

Developmental dysplasia of hip (DDH) is an important
musculoskeletal disease that can cause sequelae in
adolescent and adult patient groups, despite developing
early diagnosis methods and treatment strategies.
Although the treatment can be completed mostly
into adulthood with recognition in infancy and early
childhood, there are still cases diagnosed in adolescence
and adulthood due to borderline acetabular dysplasia.
Left untreated, symptomatic acetabular dysplasia in adults
and adolescents may result in subluxation, dislocation, or
osteoarthritis modification (1-4).

Diagnoses in adult and adolescent acetabular dysplasia
can often be made through direct radiography. Several
radiological criteria have been determined for this
diagnosis.
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For radiological evaluation of the severity of acetabular
dysplasia, anteroposterior (AP) pelvic radiography and false
profile radiographs are often sufficient (5, 6). Evaluation
with direct graphs can be conducted by investigating four
different characteristics: acetabular depth, acetabular
coating, femoral head sphericity and joint compliance
(7). Several criteria have been defined especially for the
evaluation of adolescent-adult acetabular dysplasia. Criteria
associated with acetabular coverage include lateral center
edge angle (LCEA) (8), extrusion index (EI) (9), acetabular
index (AI) (10), sharp angle (SA) (11), and Lequesnes
anterior center edge angle (ACEA) (5).

All of these well-known criteria are measured according
to two dimensions. The range of values specified in
demographic studies related to existing criteria vary.
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Another crucial issue in demographic studies is the different
incidental dysplasia rates in different populations (12-16).

In particular, an intermediate value range has been defined
for LCEA value. Cases with LCEA values in the 18-24
range are defined as “borderline dysplasia” and require
additional investigation to direct their treatment (17-19).

CT can also be used to evaluate acetabular dysplasia
to detect accompanying pathologies and to reveal the
treatment plan. The evaluation performed using CT is very
valuable, especially in patients who are planning pelvic
osteotomy (20-23). Additionally, evaluations by modeling
with three dimensional (3D) reformatting is also possible,
and it has become widespread in recent years.

3D evaluation of acetabular dysplasia enables a more
qualified and less error-prone examination compared
to two-dimensional (2D) evaluation (23, 24). The lack
of standardized technique during the evaluation and the
need for additional software limit the contribution of 3D-
CT images (25-27).

Since this advanced CT technique tends to cause high
radiation exposure, it is recommended to be used only
in patients who need further examination. If there is no
clinical requirement, especially in young patients, the
use of CT technique is not appropriate. Therefore, CT
should not be a first-generation diagnostic method in
the evaluation of acetabular dysplasia, and in the case of
clinical need, the examination decision should be made
through a proper cost benefit analysis (28-30). Magnetic
resonance imaging (MRI) should be seen as an alternative
in evaluating acetabular morphology, especially in the
pre-adolescent pediatric patient group (31).

Since the disorder in DDH is in the entire joint, evaluation
based solely on examination of acetabular depth can be
seen as incomplete and two-dimensional. The effect of
a small femoral head in a shallow acetabulum cannot
be expected to be the same as the biomechanical
effect of an advanced femoral head secondary to
DDH. Biomechanical instability created by a shallow
acetabulum will lead to an excessive shear force on the
chondral surfaces. It may not be an appropriate approach
to consider that only the shallowness and vertical
position of the acetabular counter surface are effective
in this shear force. Of course, there are some criteria
that focus on the relationship between the acetabulum
and the femoral head. These are EI, LCEA, and ACEA.
Although the angular assessment and extrusion rate are
calculated in these techniques, which accept the center of
the femoral head, the assessment is two-dimensional and
is performed without a sense of depth.

Therefore, the ratio of the volume of the femoral head
to the volume of the acetabulum as well as the ratio of
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acetabular coverage may be valuable. Although the
covering of the femoral head changes dynamically with
femoral head movement, their volume ratio to each other
remains constant at all times.

For this purpose, 3D images obtained by using additional
software are transferred to personal computers, and spatial
investigations can be performed in 3D models (32). These
methods, which are difficult to perform continuously
in daily practice, have handicaps, such as the need for
additional software, its time-consuming nature, and the
inability to perform them in standard picture archiving
and communication system (PACS) visualization systems.

We aim to evaluate the volumetric areas of the acetabulum
and femur through calculations using a CT-based study
performed with the MPR technique, which does not
require additional software and which can be integrated
with many PACS systems. The current study seeks to
investigate two questions:

1. Are the values revealed by the described measurement
technique sufficient to detect acetabular dysplasia?

2. Do the criteria calculated by the current technique
correlate with the well-known radiological criteria for
acetabular dysplasia?

Our hypothesis is stated as follows:

Assessment of acetabular volume calculated by spheric
cup method and volume-based acetabular dysplasia
severity index contributes to determine severity of
acetabular dysplasia.

MATERIAL AND METHOD

Patients were evaluated retrospectively after receiving
approval was obtained from Tokat Gaziosmanpasa
University Clinical Researchs Ethics Committee (Date:
01.10.2020, Decision No: 20-KAEK-242). The study
was conducted in accordance with the principles of
the declaration of Helsinki. Among the patients who
underwent periacetabular osteotomy between June 2009
and February 2019, 18 patients who were evaluated with a
preoperative CT scan were identified (Group 1, dysplasia
group). Eighteen patients of similar age and sex, who had
tomography examination from the pelvic region, except
for orthopedic reasons, were identified between the same
dates (Group 2, control group).

Inclusion criteria included the following:

1. Having a periacetabular osteotomy operation with the
diagnosis of acetabular dysplasia and having a pelvic
CT performed before the surgery

2. Triradiate cartilage being closed

3. Having had a pelvic CT for reasons other than
musculoskeletal complaints
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Exclusion criteria were as follows:
1. Systemic inflammatory disease
2. Previous acetabulum, proximal femur fracture history

3. Having a hip surgery other than periacetabular
osteotomy

4. CT slice thickness>2 mm

Patient Population

Two working groups were formed. Group 1 (dysplasia
group) was evaluated and included 18 hips of 14 patients.
The patients in this group consisted of patients who were
treated with periacetabular osteotomy for acetabular
dysplasia and were evaluated preoperatively by CT. The
mean age at the time of examination of Group 1 was 20.0
(14-39), and the M/F ratio was 1/17. Relevant data from
Group 2 (the control group) was obtained by scanning
CT examinations performed in our center between
June 2009 and February 2019 due to reasons other than
musculoskeletal system complaints. Eighteen hips of 18
patients were included in the study. Patients of similar
age group and gender were selected. The mean age at the
time of examination of Group 2 was 19.94 (13-38), and
the M/F ratio was 1/18.

The ages, gender, and parties of the patients during the
CT examination were recorded.

Acetabular volume, acetabular surface area, femoral head
volume, and femoral head surface area were measured
during the patients’ CT examinations.

Radiological Technique

Acetabular-Femoral Volume Measurement technique:
The PACS program was used for all measurements
(Sectra Workstation IDS7, Version 21.2.11.6289, ©2019
Sectra AB).

Steps to measure acetabular volume:
1. MPR technique was performed by finding the section
containing the fossa acetabulum through the pelvic
CT sections containing the acetabulum (Figure 1a).

2. The reformatted section line (orange line) was created
in the axial plane in contact with the acetabular rim
anterior and posterior (Figure 1b).

3. Then, the section plan was rotated so that it passed
through the superior and inferior border of the
acetabulum in the coronal plane section (Figure 1c).

4. The measurement was made in the foreground and
background in accordance with the cross-section
line in the axial plane (green line, A), and this
measurement was confirmed by the measurement in
the posteroinferior and anterosuperior area, which
was made such that it passed through the center
of a circle that touched each area of the area where
the three components of the acetabulum were seen

in the sagittal plane (Figure 1d). The radius of the
hemispheric vessel bottom circle was calculated by
taking half of the measured distance. (a) It was also
recorded by measuring the distance between the
deepest point of the acetabulum and the first line
drawn in the axial section (Figure 1d).

5. The acetabulum volume was calculated with the

spheric cup volume calculation method (34) using the
h and a variables (Figure 1e).

1
Acetabular volume (VA)= s wh(3a® +h*)

Figure 1. Calculation of acetabular volume using the multi-planar
reformatting technique using the spheric cup method

Steps to measure femoral head volume:

1. First, the section where the femoral head appeared as
spherical in axial sections was selected. Then, section
lines were placed in the center of the femoral head
section (Figure 2a).

2. The reformatted section line (orange line) was
positioned in the middle of the femoral neck in the
coronal sections. The other reformatted section line
(yellow line) was positioned in the center of the
femoral head. It should be noted that sections passed
through the center of the spherical head drawn in
each plane (axial, coronal, and sagittal) at this stage
(Figure 2b).

3. When the appropriate cross-sectional area was
reached, the radius (r) was calculated by drawing a
circle (green circle) per femur to make calculations
in the femoral coronal sections. Then, a line was
drawn in such a way that the areas where the femoral
head sphericity ended were combined medially and
laterally, and the exact center of this line length was
determined. Half of this line was calculated (red
line) and this value was recorded as. The femoral
head was extended (blue line) to the point where

360



Eren MB. A novel measurement method for acetabular dysplasia

J Health Sci Med 2021; 4(3): 358-365

the perpendicular drawn from the middle of the line
defining the sphericity boundary in the medial and
lateral direction intersected the circle. This was the
height (h) of the imaginary spheric cup outside the
femoral head (Figure 2c).

4. The volume of the imaginary femoral sphere (taffy
pink colored) was calculated using the r value. The
spheric cup volume of the area outside the femoral
head joint face (bitter lime neon green colored
area) was then calculated. The volume value was
determined by subtracting the spheric cup volume
from the volume of the femoral head sphere (34)
(Figure 2d).

Femoral head volume (VFH): G nr3) — (éﬂh(3a2 +h%) )

Figure 2. Calculation of the femoral head volume with the spheric
cup method using the multi-planar reformatting technique

A new index was defined by comparing the values found
to determine the severity of acetabular dysplasia.

Volume-based acetabular dysplasia severity index

VBADSI= Femoral head volume (Vgy)
Acetabular volume (V4)

Other radiological

assessment:

The examined radiographic parameters were the AI (10),
EI (9), SA (11), Wibergs lateral center edge angle (LCEA)
(8), and Lequesne’s ACEA (5) (Figure 3).

In Group 1, radiological evaluation was performed with
AP pelvis graphy-false profile graph. Patients in Group
2 did not have false profile graphs because the reason
for application was not associated musculoskeletal
complaints. For this reason, the false profile graph was
obtained by processing the 3D reformats of the CT
examinations.
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Figure 3. Radiological measurements of the hip joint. a) Acetabular
index b) Extrusion Index(EI) measurement= X: Horizontal length of
the femoral head not covered by acetabulum,W: diameter of femoral
head, EI=(X/W)x100. ¢) Sharp angle d) Wiberg’s Lateral Center Edge
Angle(LCEA) e) Lequesne Anterior Center Edge Angle(ACEA) in
“false profile” view

In order to obtain a false profile image with 3D
reconstruction, the pelvis bone was reconstructed in
3D. First, looking from the top (Figure 4a), a circle that
would be the central lumbar vertebra corpus was drawn,
and the degree of rotation was determined angularly.
With reference to the posterior spinous process, 25° of
rotation was achieved as in positioning to the false profile
(Figure 4b). The false profile graph was taken to the
shooting position by rotating the pelvis in rotation in the
vertical direction in the AP plan (Figure 4c). Then, it was
processed again on the computer to create an X-ray image
(Figure 4d). Angle measurement was performed from the
obtained false profile graph. A ready-made PACS program
was used for all measurements (Sectra Workstation IDS7,
Version 21.2.11.6289, © 2019 Sectra AB). All volumetric
measurements and radiographic parameters were assessed
and computerized by one observer (MBE).

During the examination, differences between the
groups in terms of age, gender, side, acetabular volume,
femoral head volume, VBADSI, Al EI, SA, LCEA, and
ACEA were tested. In addition, the correlation between
acetabular volume, femoral head volume, VBADSI, and
other well-known radiological criteria were evaluated.

Statistical Analysis

Descriptive analyses were made to provide information
regarding the general characteristics of the study groups.
The data of continuous variables were expressed as
meanztstandard deviation. Data for categorical variables
were expressed as n(%). Normality assumption was
analyzed using the Shapiro-Wilk test. While comparing
the means of quantitative variables between groups, the
test of significance of the difference between two averages
was used. Pearson correlation coefficient was used for
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the relationship between quantitative variables. p<0.05
was considered as statistically significant. Ready-made
statistics software was used for calculations (SPSS 22.0
Chicago, IL, USA).

Figure 4. Obtaining a false profile image with 3D reconstruction:
a) looking from the top, a circle that would be the central lumbar
vertebra corpus was drawn, and the degree of rotation was
determined angularly, b) with reference to the posterior spinous
process, 25° of rotation was achieved as in positioning to the
false profile, c) false profile position has been set, d) software
reconstruction has realized to create an X-ray image

RESULTS

A significant difference was observed between the
groups in terms of acetabular volume, VBADSI, Al EI,
LCEA, SA, and ACEA values (p<0.05) (Table 1) (Figure
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Figure 5. Box plot showing the distribution of acetabular volume,
femoral head volume and VBADSI

I:Acetabular volume; %Femoral head volume; *: VBADSI

With the variables whose measurement technique is
defined in the article; In evaluation for the correlation
between well-known acetabular surface coverage markers
such as Al EI, LCEA Sharp Angle, and ACEA:

A correlation was observed between acetabular volume
and AI and EI values (Table 2).

Table 2. Correlation between variables

5).

Table 1. Distribution of variables between groups

Group 1 Group 2
(Dysplastic) (Non-dysplastic) P

Avg.+SD Avg.+SD
Age year 20+6.77 19.94+6.51 0.980
Acetabular 13453 4443490.36  17415.2245704.56 0,017
f g{ﬁg{:ln};ﬁff 36339.67+12108.21 34646.28+7697.65  0.620
VBADSI 2.83+1.11 2.14+0.66 0.030*
AI° 34.62+4.52 18.34+4.37 <0.001*
EI (%) 37.27+6.87 14.46+3.8 <0.001*
LCEA® 13.2346.31 32.62+7.05 <0.001*
Sharp angle® 51.66+4.1 41.52+2.84 <0.001*
ACEA 18.13+4.95 30.2145.67 <0.001*
*Statistically significant (p<0.05)

Al Bl LCEA SParP 4cpa
angle

Acetabular r -0.459 -0.336 0.275 -0.125 0.270
volume p 0.005* 0.045* 0.105 0.468 0.112
Femoral head T -0.083 -0.047 0.100 -0.028 -0.068
volume p 0.630 0.785 0562 0.871  0.694

0.263 0.214  -0.157 0.063  -0.233
VBADSI

0.121 0.209 0360 0.713  0.172
*Statistically significant (p<0.05)
“r value” represents the strength of the relationship. Positive values are associated
with direct proportions, negative values are associated with inverse proportions.

DISCUSSION

This study focuses on investigating the effectiveness of
evaluating the severity of acetabular dysplasia with a
newly developed measurement technique. Our study
revealed that acetabular volume and VBADSI may be
indicators of acetabular dysplasia severity.

The main result of our study was the significant difference
in acetabular volume and VBADSI between age and
side randomization groups. This result suggests that
acetabular volume and VBADSI measured by the current
technique were valuable criteria that could be used in
defining severity of acetabular dysplasia.

Most of the studies evaluating acetabular dysplasia
with CT were performed using the 3D reconstruction
technique (23,27,33-36). Among these studies, those
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performed with the 3D reconstruction technique
generally compared direct radiographs and MPR
angle measurements. Chadayammur et al. (37) in
their prospective study compared the LCEA angle
they obtained in CT coronal reformates with the
measurements made on standard AP radiographs. In
their studies, in which sub-evaluations were performed
according to the diagnoses of the patients, they revealed
significant differences in the measurements made with
CT and direct radiographies, especially in the CAM-
type femoroacetabular impingement patient group
accompanied by acetabular dysplasia. This leads us to
believe that one dimensional radiological evaluation of
the acetabulum that demonstrate significant anatomical
differences secondary to dysplasia may be insufficient.
In our study, the difference in acetabular volume and
VBADSI values obtained as a result of the 3D evaluation
performed by measuring the acetabulum and femoral
head volume in the dysplastic patient group suggested
that these criteria could be used in dysplasia complicated
with femoroacetabular impingement.

Mimura et al. (26) in studies evaluating the incidence of
acetabular dysplasia in a Japanese population performed
acetabular dysplasia assessment in the axial, coronal,
and sagittal planes using the MPR method. When all
three plans were evaluated together, they found that the
prevalence of acetabular dysplasia was at least twice as
high as compared to evaluation alone. In our study, the
spheric cup method, which we implemented by taking
into account both 3 dimensions with MPR, enabled us to
evaluate the acetabulum as a dome section. We believe
that we have conducted the evaluation of acetabular
dysplasia in three dimensions with our study, which we
modeled by evaluating the base of a spheric cup in three
planes.

In another study in which acetabular dysplasia was
evaluated in 3D, Ito et al. (32) examined dysplasia in five
different groups according to the direction of the lack
of covering. Whereas there was no significant difference
between the clinical scores between the groups, they
revealed that there was a correlation between clinical
scores and the amount of coverage. Although the
clinical scores of the patients were not evaluated in our
study, comparison between the groups has showed the
significant difference in acetabular volume and VBADSI.

In our study, unlike the current literature, volumetric
evaluation was made with the MPR technique. Of course,
the morphology of a dysplastic acetabulum will not be in
the form of a spheric cup in relation to the differences in
the areas where the coverage is reduced.

We believe that our measurement technique was a more
approximate estimation method. However, considering
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that our volume calculation, which we obtained with a
more practical method, was easy to apply and did not
require additional software, it may be viewed as more
advantageous in terms of clinical applications.

Furthermore, the results of present the study also
demonstrated that acetabular volume value was
correlated with Al and El values. This leads us believe that
they can be used in diagnosis as well as the well-known
acetabular dysplasia criteria. It may be appropriate to
use these criteria, especially for remodelization follow-
up after diagnosis and surgery.

Our study results revealed that the acetabular volume
assessment performed with the spheric cup method
and the assessment of the VBADSI, in accordance
with our hypothesis, contribute to proper diagnosis.
The purpose of defining the method described is not
to create an alternative to more precise measurement
methods but to provide an approach that can be used
in daily practice without additional software. With the
methods described, a global assessment of dysplasia
severity and a practical volume measurement proposal
has been presented. The direction and regional analysis
of dysplasia has recently gained importance in the
evaluation of acetabular dysplasia. It is clear that 3D
reconstruction will offer a more spatial evaluation
opportunity to evaluate the disparities between anterior,
lateral, and posterior coverage, and it will be more useful
in such analyses.

The main limitations of our study include the small
sample size and the measurement of acetabulum-
femoral head volume with an approximate method.
Similarly, when we consider that the volume of the
femoral head is measured with the same method, we
believe that this neglected volumetric difference is not
clinically significant, especially in terms of the acetabular
dysplasia severity volume index. Considering that CT
indication is used for acetabular osteotomy planning
in acetabular dysplasia, we observed that the number
of patients with symptomatic acetabular dysplasia CT
was limited. The possible reason for this is that we want
to protect our patients in the reproductive age and
adolescent age group from radiation exposure. For this
newly defined measurement technique, we believe that
these limitations did not affect the results of the study
directly.

Although conventional 2D techniques are often sufficient
to diagnose acetabular dysplasia, acetabulum volume-
surface measurements can provide valuable information,
especially in patients with borderline dysplasia. With the
spheric cup method, acetabular volume, and VBADSI
can be viewed as a safe and valuable alternative dysplasia
scale.
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CONCLUSION

The findings of our study suggest that the VBADSI and
acetabular volume that we measured with the spheric
cup method could be valuable in evaluating the severity
of acetabular dysplasia. Since the current method can be
performed practically without the need for additional
software and hardware other than the standard PACS
systems, it appears easier to perform compared to similar
volumetric analysis. It is clear that studies that evaluate
the reliability and validity of the described technique in
different populations and which compare them with 3D
modeling and volume calculating methods will be needed.
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