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Many areas of medicine are related to the examination of the 
geometric feature of the organ or organism. In these studies, 
it is possible to work with the geometric shapes by taking 
the coordinates of the landmark points as the variables in 
the figure from the measurements taken from the organisms 
(1,12-14,17).

Many different methods based on volume, area and shape 
measurements have been used to measure changes pre- 
and postoperative cranial vault (3,21). With the technological 
advancementin medicine, various methods have been 
developed based on the calculation of the geometric places 
of particular landmarks for the analysis of the shapes of the 
organs. Statistical shape analysis is a modern geometric 
morphometric method that uses the shape of organs or 
organisms as input data.

█    INTRODUCTION

Craniosynostosis is a congenital malformation that 
occurs when there is premature ossification of one or 
more sutures of a newborn’s skull. Craniosynostosis can 

result in abnormal head shape, visual impairment, intracranial 
hypertension and intellectual impairment (11).

The most common single-suture non-syndromic craniosynos-
tosis is scaphocephaly, which is the premature closure of the 
sagittal suture. This occurs in 50%–60% of all cases (18). The 
incidence of scaphocephaly is 1/5000 children with a male 
predominance of 4:1 ratio (18).

Standard procedure for patients with scaphocephaly is 
surgery, which aims to correct the cranial dysmorphia aside 
from its cosmetic benefits. The most common operation 
is barrel-stave osteotomies and cranial remodelling for 
scaphocephaly (9).
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ABSTRACT

AIM: To investigate the differences in the head shapes of scaphocephaly patients during the pre- and postoperative phases.   
MATERIAL and METHODS: Cranium shape data were collected from the two-dimensional digital images. The generalised 
Procrustes analysis was used to obtain mean shapes in the pre- and postoperative phases. The shape deformation of the cranium 
from the pre- to postoperative phases was evaluated using the thin plate spline method.
RESULTS: There was no significant cranial shape difference in the pre and postoperative phases. The high-level deformations 
from the pre- to postoperative phase were seen in thin plate splinegraphs. The highest deformation was observed at the biparietal 
dimension.
CONCLUSION: In this study, we showed that the structural deformation of the cranium was correlated with sagittal craniosynostosis. 
The present study also shows that pre- and postoperative head shapes of patients with scaphocephaly can be compared using 
head shape with the landmark-based geometric morphometric method by taking into consideration the topographic distribution.
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This study aimed to investigate head shape differences of 
scaphocephaly patients in the pre- and postoperative phases.

█    MATERIAL and METHODS
Subjects

This study was conducted using the computed tomography 
(CT) scans of 20 (12 males, eight females) scaphocephaly 
patients aged between 3 and 75 months (median=9.50). The 
CT scans of scaphocephaly patients admitted to the Uludag 
University Faculty of Medicine Department of Neurosurgery, 
between March 2004 and November 2017, were evaluated 
retrospectively. All CT imaging examinations performed on a 
multi-slice CT scanner (SOMATOM Plus 4, Siemens Medical 
Solutions, Forchheim, Germany). All CT scans were obtained 
at the first postoperative day. All operations were performed 

by the same surgeon in the Department of Neurosurgery, 
Faculty of Medicine, at Uludag University (MOT). Informed 
consent was obtained from all participants, and the university 
ethics committee approved this prospective study and the 
study protocol.

Collection of Two-Dimensional Cranial Landmarks

We implemented a statistical shape analysis by using 
homologous anatomic landmarks, which are selected as 
the most relevant. Eight cranial landmarks corresponding 
to the foramen of Monro were selected from the pre- and 
postoperative images (Figure 1). The descriptions of these 
landmarks are given in Table I. The landmarks were chosen 
based on reliability, maximising anatomic coverage and 
cranial morphologic descriptions. Cranial data were collected 
from the two-dimensional digital images. Standard anatomic 
landmarks were selected and were marked on each digital 
image using TPSDIG 2.04 software (15).

Geometric Morphometric Analysis

Statistical Shape Analysis: Statistical shape analysis of 
the pre- and postoperative cranial images of scaphocephaly 
patients was performed. The generalised Procrustes analysis 
was used to obtain the mean cranium shape in the pre- and 
postoperative phases and related tangent coordinates. 
Procrustes analysis is known as the approach that obtains the 
minimum sum of squared differences between the landmarks 
(5). Principal coordinate analysis (PCoA), which is a kind of 
ordination method, also known as metric multidimensional 
scaling was applied to tangent coordinates that were derived 
from the Procrustes analysis. The PCoA routine finds the eigen 
values and eigenvectors of a matrix containing the distances 
or similarities between all landmark points. Euclidean distance 
is used in PCoA. The eigen values, giving a measure of the 
variance accounted for by the corresponding eigenvectors 
(coordinates), were reported. The percentages of variance 
accounted for by these components are also reported. After 
that, classification and changes of scaphocephaly patients 
were examined for pre- and postoperative time points using 
PCoA. The mean of the head shapes obtained by Procrustes 
analysis during the pre- and postoperative periods was 

Figure 1: Landmark markings on the cranium.

Table I: Definitions of Landmarks Used in the Present Study

Landmark 1 Frontmost point of the cranium

Landmark 2 The point at which the line that passes through the midpoint of the segment, which was drawn from 
landmark 1 to landmark 3

Landmark 3 Coronal suture

Landmark 4 Lambdoid suture

Landmark 5 Backmost point of the cranium

Landmark 6 Lambdoid suture

Landmark 7 Coronal suture

Landmark 8 The point at which the line that passes through the midpoint of the segment, which was drawn from 
landmark 1 to landmark 7
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compared using the paired Hotelling T2 test. The shape 
deformation of the cranium from the pre- to postoperative 
phases was evaluated using the thin plate spline (TPS) 
method, which was derived from a mathematical model 
used in computer graphics and applied to morphometrics by 
Bookstein (2). The points exhibiting the greatest enlargements 
or reductions labelled as deformations were established 
through the TPS analysis.

Landmark Reliability: Reliability coefficient (G) for a two-
facet crossed design (‘landmark pairs-by-rater-by-subject’) 
based on the generalisability theory was calculated (6). 
The same researcher marked all the landmarks. To be able 
to compute for G coefficient, the same researcher again 

marked 10 subjects randomly selected from the participants 
2 weeks later. The values of the G coefficient reflected strong 
repeatability (G=0.978).

In this study, R 3.5.1 (20), PAST 3.0 (10) and SPSS (19) 
softwares were used for statistical analysis.

█   RESULTS
Procrustes mean shapes (Figure 2) obtained as a result of 
landmark markings from the pre- and postoperative periods 
of patients with scaphocephaly were compared with paired 
Hotelling T2 test, and no difference in shape was found 
between the pre- and postoperative phases (p=0.658). 
PCoA was applied to the tangent coordinates obtained after 
Procrustes analysis. PCoA of the pre- and postoperative 
phases showed variance explanation rate of 75.88% for the 
first two coordinates considered in scaphocephaly patients 
(Figure 3). The scatter plot graph (Figure 4) obtained from PCoA 
analysis was plotted according to the first two eigen values 
that explained the most variance rate. The 95% confidence 
ellipses and convex hulls on the scatterplot indicate that the 
results did not differ significantly in the pre- and postoperative 
periods, and variability in the pre- and postoperative periods 
was not high. It supports the claim that there is no difference 
between the pre- and postoperative mean patterns obtained 
after the paired Hotelling T2 test.

TPS analysis was also performed using mean shapes obtained 
from the Procrustes analysis. A high level of deformations 
of the cranium from the pre- to postoperative phases was 
observed in the TPS graph (Figure 5). The highest deformation 
was found in the biparietal dimension shown in Figure 5. 
When the mean shapes and the deformation were taken into 

Figure 2: Procrustes mean shapes for the pre- and postoperative 
phases of cranium images of scaphocephaly patients (o: Preop 
and x: Postop).

Figure 3: A screen plot of the percentage variability explained by each principal coordinate.
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used to investigate the effects of diseases and the effects 
of environmental factors on the structure of the organ or 
organism (7).

Sharma et al. mentioned an increase in the mean cephalic 
index (CI) from 0.64 to 0.75, and the mean intracranial 
volume increased from 1481 cm3 preoperatively to 1671 
cm3 postoperatively (16). But these changes were global; 
the authors did not mention the direction of expansion. Our 
results support the Fearson et al.’s results suggesting that the 
CI is not a reliable outcome measure because of the inefficacy 
to realise the amount of correction (8). We analysed the shape 
of the cranium in scaphocephaly patients in the pre- and 
postoperative phases in this study. There was no statistical 
difference between the pre- and postoperative periods in 
terms of the mean head shape.

Although there was no difference between the mean shapes, 
deformation was determined in the preoperative period. 
Deformation is generally in the direction of expansion. However, 

consideration, based on the pre- to postoperative periods, it 
is observed that there is generally an expansion in the shape 
of the head.

█   DISCUSSION
Craniosynostosis was defined by Virchow in 1859 as early the 
closure of the sutures followed by secondary skull deformities 
(4). Scaphocephaly is the most common isolated type of 
synostosis with an incidence of 56%–58 % (4).

We performed a statistical shape analysis to show the 
change in the cranium in the pre- and postoperative periods 
in patients with scaphocephaly. In addition to the general 
changes, the landmark-based shape analysis approach 
showed us the changes on a regional basis. Since statistical 
shape analysis allows the preservation of morphologic, the 
main reasons why statistical shape analysis is widely used in 
medicine are advances in imaging technology, and it is also 

Figure 4: Scatter graphs with 
95% confidence ellipses and 
convex hulls obtained by 
principal coordinate analysis 
results of 20 scaphocephaly 
patients (o: Preop, x: Postop).

Figure 5: A thin plate spline 
demonstrating the average 
cranium shape deformation for 
preoperative phase compared 
with postoperative phase.
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most deformations are observed in the area delimited by 
landmark 3, 4 and landmark 6, 7 at the postoperative period. 
The postoperative images that were used in this study were 
immediate images of the patients that were obtained during 
the early postoperative period. The expansion detected at the 
landmark 3, 4 and landmark 6, 7 showed the expansion of 
the width of the cranium, demonstrating the efficiency of the 
operation.

In this study, we showed that the structural deformation of 
the cranium was correlated with the sagittal craniosynostosis. 
These results are supported by previous morphologic studies 
that also show in some cases. The present study and previous 
literature suggest that additional studies using more control 
groups of sagittal craniosynostosis patients are needed to 
further understand this pathology and design new treatment 
strategies.

The main limitation of this study is the limited patient number. 
A difference at the mean head shape could be determined 
between the pre- and postoperative periods of scaphocephaly 
patients if the number of patients was higher.

█   CONCLUSION
This study showed that shape deformations were observed in 
the cranium in sagittal craniosynostosis patients. To the best 
of our knowledge, this is the first study to show that pre- and 
postoperative head shapes of patients with scaphocephaly 
can be compared using head shape with the landmark-based 
geometric morphometric method by taking into consideration 
the topographic distribution. We hope that the results obtained 
from this study serve as a guide to future clinical studies by 
demonstrating localised variations in the components of 
the scaphocephaly that constitute the overall shape of the 
scaphocephaly in sagittal craniosynostosis patients.
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