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Abstract
The anterior pelvic plane (APP) defined by both anterior superior iliac spines (ASIS)
and the pubic symphysis (PS), is used as reference for cup orientation during total hip
arthroplasty (THA). However, acquiring the PS and the contralateral ASIS during the
intervention with the patient in lateral decubitus position, can be challenging due to the
medical devices and the patient abdominal apron. The goal of this study is to find more
easily accessible anatomical landmarks, useful for the APP acquisition. Thus we propose
to study the variability of the pelvis anatomy in order to identify which landmarks vary
with the APP. We built a statistical shape model (SSM) of the pelvis and studied the
variability of APP orientation when deforming the SSM along its variation modes. We
computed the APP inclination for each deformation and modeled linear relations between
the APP inclination and the deformation along the variation modes. We found that the
variability in APP inclination is mainly due to 3 variation modes that deform the iliac
crest (IC), the posterior superior and anterior inferior iliac spines (PSIS, AIIS). Acquiring
those three anatomical landmarks (IC, PSIS and AIIS) with the ipsilateral ASIS, could be
a solution to determine more easily the APP for THA in lateral decubitus.

1

Introduction

Cup orientation is a critical stage in total hip arthroplasty (THA) because of post-operative
risks of impingement and dislocation [1]. The commonly accepted safe-zone of Lewinnek [2]
recommends to orientate the cup in respect to the anterior pelvic plane (APP), defined by
both anterior superior iliac spines (ASIS) and the pubic symphysis (PS). While this safe-zone
is nowadays being questioned [3], the APP is still used as reference plane during the surgery.
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Navigation solutions exist to help surgeons in identifying the APP. However, for THA in
lateral decubitus, the identification of APP landmarks can be very challenging due to the patient
abdominal apron covering the PS and the medical devices blocking access to the contralateral
ASIS. The goal of this study is to find new anatomical landmarks, more easily accessible than
the PS and the contralateral ASIS, to use for APP computation.
To identify such landmarks, we propose to use a statistical shape model (SSM) to analyze
the pelvis anatomy variability and to identify which anatomical landmarks vary with the APP
inclination. We will first detail the construction of our SSM, then evaluate its quality, and
finally study the variability of the APP inclination when the SSM is being deformed along its
variation modes.

2
2.1

Materials and Methods
Dataset

We used 40 male CTscans obtained from anonymized datasets available online [4, 5]. Mean
age was 54.2 ± 19.5 years old and mean BMI was 25.4 ± 4.3kg/m2 . Once segmented, the pelvis
models were remeshed to 24.000 vertices, to standardize the dataset.

2.2

Model Construction

To build the SSM, we generated an unbiased reference mesh with a variant of the IMCP-GMP
algorithm [6]. This unbiased reference was then warped to each pelvis in the dataset with the
CPD algorithm [7], to establish dense correspondence between meshes. We finally applied a
principal component analysis on the dataset in correspondence using Scalismo [8], and obtained
a mean mesh and variation modes.

2.3

Model Evaluation

CPD fitting quality. The correspondences quality has been assessed computing the mean
point-to-mesh distance between the original pelvis meshes and their CPD fits.
Model metrics. As described by Davies et al. in [9], we used the three following metrics to
evaluate our model: compactness, generality and specificity.
Compactness illustrates how well the model can describe the dataset shape variability with
the fewest variation modes. It corresponds to the percentage of the dataset shape variability
represented by the model using N variation modes.
Generality describes how well the model can fit new shapes using N variation modes. We
evaluated it through a leave-one-out evaluation and computed the mean error between the fitted
model and the targeted mesh.
Specificity describes how well the model can generate new shapes of the same type of the
original dataset, using N variation modes. We evaluated it generating randomly 100 meshes
from the model and computing the mean point-to-mesh distance between the generated mesh
and its closest mesh in the dataset.

2.4

APP variability when deforming the SSM

Each mode of variation Mi is characterized by its mean µi and its standard deviation σi .
Deformations of the mean shape are generally considered realistic when the variation along the
mode Mi is in the range of µi ± 3σi .
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For each variation mode Mi , we deformed the model along Mi between −3σi and +3σi by
steps of 0.1σi and computed the APP inclination at every deformation step (angle between the
APP and the vertical in the sagittal plane). We then modeled the APP inclination as a linear
function of the deformation along the variation mode Mi .

3

Results

3.1

Model Evaluation

CPD fitting quality. The average CPD fitting error was 1.34 ± 0.11mm.
Model metrics. The obtained values for compactness, generality and specificity are detailed
in Table 1.
Metric
\
N
Compactness
Generality (mm)
Specificity (mm)

1
43 %
3.63
2.46

6
80 %
2.67
3.14

11
90 %
2.32
3.22

16
95 %
2.16
3.22

19
97 %
1.94
3.34

26
99 %
1.72
3.40

40
100 %
1.56
3.34

Table 1: Model metrics using the first N variation modes

3.2

APP variability when deforming the SSM

The first 5 variation modes represented respectively 43%, 16%, 8%, 7% and 4% of the datasest
variability. Deformations of the SSM along those 5 modes are illustrated in Figure 1.
Variation

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

µ + 3σ

µ − 3σ
Figure 1: Deformations of the SSM along the first 5 modes of variation; Blue shape is the mean
shape (µ); White shape is the deformed shape between −3 and +3 standard deviation (σ)
All models of the APP inclination as linear function of the deformation along the variation
modes were statistically significant (p-value<0.01), except for the 40th variation mode.
Only five variation modes, the 3rd , 4th , 5th , 12th and the 14th , had strong impact on the
APP inclination, making it vary by more than 6◦ (8◦ , 9◦ , 9◦ , 6◦ and 8◦ for each variation mode
respectively). Those modes represented respectively 8%, 7%, 4%, 1% and 1% of the dataset
variability and deformed the pelvis SSM at the ASIS, the ischial tuberosities, the iliac crest
(IC), the posterior superior iliac spine (PSIS) and the anterior inferior iliac spines (AIIS).
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Four variation modes had medium impact on the APP inclination, making it vary by 4◦
approximately. Each of those variation modes represented less than 2% of the dataset variability.
The remaining variation modes had low impact on the APP variation, making it vary by
less than 3◦ .

4

Discussion

We built a SSM of the male pelvis, that has realistic mean shape and deformations, with metrics
similar to what can be found in the literature [10, 11].
The SSM first two variation modes represented the highest percentage of the dataset variability (43% and 16%) but had a low impact on the APP inclination (less than 3◦ ) as they
deformed the pelvis shape in size and in width. The 3rd , 4th and 5th variation modes represented lower percentages of the dataset variability but had the highest impact on the APP
(more than 8◦ ), deforming the pelvis SSM at the ASIS, the ischial tuberosities, the IC, the PSIS
and the AIIS. Those last 3 landmarks seem interesting for APP determination as they can be
acquired by ultrasound (US) imaging.
Some authors already used the IC and PSIS as landmarks for the APP determination [12, 13],
acquiring them using US imaging and tracked pointers. However they did not consider the nonaccessibility of the contralateral landmarks due to the patient position on the operative table.
In the future, we will work on acquiring the ASIS, PSIS, AIIS and IC from the operated
side of the pelvis, using a tracked US probe [14, 15], to easily determine the APP inclination
for THA in lateral decubitus position.
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