Turk Neurosurg 31(4):618-622, 2021

Original Investigation

DOI: 10.5137/1019-5149.JTN.32785-20.3

Received: 16.10.2020
Accepted: 14.12.2020

Published Online: 26.04.2021

Statistical Shape Analyses of the Brainstem in Chiari Patients

Gokhan OCAKOGLU', Mevlut Ozgur TASKAPILIOGLU?, Oguz ALTUNYUVA?, Selcuk YILMAZLAR?

'Uludag University Faculty of Medicine, Department of Biostatistics, Bursa, Turkey
2Uludag University Faculty of Medicine, Department of Neurosurgery, Bursa, Turkey

Corresponding author: Gokhan OCAKOGLU = gocakoglu@gmail.com

ABSTRACT

AIM: To ascertain whether the brain stem’s shape differs in patients with syrinx and without syrinx in cases with Chiari malformation

Type | (CM-1), relative to healthy controls.

MATERIAL and METHODS: Data on marked brainstem regions were obtained from 2D digital image files. Generalized Procrustes
analysis was used to evaluate shape differences among patients with syrinx, patients without syrinx, and healthy controls. Shape
deformations among groups were examined by Thin Plate Spline (TPS) analysis.

RESULTS: According to the brain stem shape, there were differences between patients with syrinx and controls, and between
patients without syrinx and controls. High-level deformations were also observed among the groups.

CONCLUSION: In the present study, the presence of shape deformations in Chiari patients’ brainstem was demonstrated. This is
the first study using a landmark-based geometrical morphometric method to demonstrate the shape difference in Chiari patients’

brainstem.
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B INTRODUCTION

en cerebellar tonsils are placed = 5 mm below the
Wcramen magnum, the situation is referred to as
Chiari malformation Type | (CM-I). The prevalence
of CM-1 has been reported to be 0.6%-1% (1). Due to
obstruction in cerebrospinal fluid circulation (CSF) circulation,
formation of syrinx of the spinal cord can be observed in
these patients. CM-| patients are known to be generally
asymptomatic. Posterior headache and/or neck pain, nausea,
vomiting, vertigo, ataxia, as well as sensory and motor deficits
may be the presented signs and symptoms. Lower cranial
nerve involvement indicates hydrocephalus, brain stem, and
cerebellar compression.

In recent years, the increase in number of studies examining
the effects of a specific disease or environmental factors

in terms of organ’s geometric properties or structure is
remarkable (14,17-19,22). However, there is no study
conducted in literature on the shape of brain stem. Studies in
this area mostly focused on brain stem’s functional properties
(7,9,10).

With advances in imaging technology, modern geometric
morphometric-based methods, such as statistical shape
analysis, can use the organ’s shape as input data (16).
The statistical shape analysis allows the interpretation of
the differences in shape, with comments on the general or
localized possible deformations that occur in the structure or
organ of interest.

This study aimed to evaluate the presence of any difference
in the shape of brainstem in CM-I| patients with syrinx and
without syrinx, relative to healthy controls.
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B MATERIAL and METHODS
Subjects

The cranial sagittal magnetic resonance imaging (MRI) scans
of 10 (5 males, 5 females) patients with syrinx (mean age:
32.80 + 8.42 years, age range: 18-50 years), 15 (2 males, 13
females) patients without syrinx (mean age: 35.73 + 12.05
years, age range: 19-63 years) and 25 (9 males, 16 females)
healthy controls (mean age: 35.60 + 9.85 years, age range:
18-55 years) were included in this study. T2-weighted sagittal
images of CM-I patients and healthy controls admitted
to Uludag University Faculty of Medicine, Department of
Neurosurgery, between July 2013 and November 2017,
acquired from 3 Tesla MRI imaging system (Philips Achieva
3T, Best, Netherlands) using a 32-channel head coil, were
evaluated retrospectively.

The inclusion criteria for this study were as follows: All patients
older than 18 years of age; patients that had been operated on
in our clinic; and patients that had at least 1-year follow-up.
The patients’ cerebellar tonsils had to be displaced 5 mm or
more from the foramen magnum and there was no significant
pathology other than CM-I on their MRI.

Ethics committee approval was obtained for this retrospective
study from the Ethics Committee of the Faculty of Medicine
of Bursa Uludag University. All the patients and the controls
gave their informed consent prior to the commencement of
the study.

Collection of Two-Dimensional Cranial Landmarks

Shape data of the brainstem regions were obtained from 2D
digital images corresponding to midsagittal plane (Figure 1) by
marking ten anatomical landmarks. TPSDIG version 2.04 (20)
software was used to mark selected landmarks on the digital
images. ldentifications of these markings are shown in Table I.

Geometric Morphometric Analysis

Statistical Shape Analysis: Shape difference among patients
with syrinx, without syrinx, and healthy control was examined
by conducting Generalized Procrustes analysis. Homogeneity
of variance-covariance matrices was tested by Box’s M
approach. Hotelling T? test procedure was used to determine
the shape differences (16). To assess the study groups’ overall
shape variability measures, we considered the root mean
square of Kendall’s Riemannian distance. Shape deformations
were evaluated by Thin Plate Spline (TPS) analysis (3).

General Statistical Analysis: Shapiro-Wilk test was used to
examine the suitability of the age data to normal distribution.
One-way analysis of variance test was used to compare age
difference among groups. Gender distribution was compared
between groups using Fisher-Freeman-Halton test. Type |
error rate was set at a = 5% for statistical significance. For
pairwise comparisons, Bonferroni correction was applied and
adjusted statistical significance was set at p < 0.017. SPSS
(21), R 3.5.1 (28), and PAST 3.0 (6) software were used for the
statistical analysis.
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B RESULTS

Age and sex did not differ among the groups (p=0.741 and
p=0.128, respectively). Differences in shape of the brainstem
between groups were analyzed by statistical shape analysis.
Procrustes mean shapes were computed for the groups
(Figure 2). According to the brain stem shape, there was a
difference between patients with syrinx and controls (p=0.002)
and between patients without syrinx and controls (p<0.001).
On the other hand, there was no difference between patients
with a syrinx and without syrinx according to the brain
stem’s shape (p=0.099). According to the shape variation,
the brainstem evaluation showed that the highest variation
occurred in patients with syrinx (0.120), followed by patients
without syrinx (0.104) and healthy controls (0.099).

Table I: Definitions of Landmarks Used in the Present Study

Landmark Number Description

Landmark 1 Mammillary body
Landmark 2 Sulcus pontocruralis
Landmark 3 Anterior line of pons
Landmark 4 Sulcus pontobulbaris
Landmark 5 Anterior mics)ilir;gzgof medulla
Landmark 6 Inferior of medulla oblangata
Landmark 7 Obex

Landmark 8 Floor of fourth ventricle
Landmark 9 Posteromedian line of tectum

Landmark 10 Superior of midbrain

Figure 1: Landmark markings on the brainstem.
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High-level deformations from patients with syrinx to the control
group for brainstem were observed in TPS graph (Figure 3).
The region inferior to the medulla oblongata (landmark 6)
had the highest deformation. In patients with syrinx, it was
observed that there was a localized deformation in the region
inferior to the medulla oblongata of the average brain stem in
the direction of enlargement and elongation, according to the
healthy controls.

Similarly, when Figure 4 was examined, it was observed that
the most severe deformation occurred in the region inferior
to the medulla oblongata in patients without syrinx and there
was a localized deformation in the direction of expansion and
extension.

When analyzing the deformation of the mean brainstem
shape of patients with syrinx, relative to the mean shape of
patients without syrinx, it is observed that there is a narrowing,
especially in the lower part of the tail region and in the region
where the y axis is close to 40 (Figure 5).

B DISCUSSION

CM’s definition was first described as the herniation of the
posterior brain in 1891 (13). Through the definition’s scope,
cerebellum descending through foramen magnum receives
all the attention. Crushing of the brainstem at the level of the
foramen magnum is also present. The gold standard treatment
for CM with or without syringomyelia is decompression of the
posterior fossa. Generally, opening the dura is recommended
for patients with syrinx.
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Figure 2: Procrustes mean shapes for the brainstem images of
patients with syrinx (o), patients without syrinx (Q) and healthy
controls (A).

Figure 3: A thin-plate spline demonstrating the average brainstem
shape deformation for patients with syrinx compared to healthy
controls.
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Figure 4: A thin-plate spline demonstrating the average brainstem
shape deformation for patients without syrinx compared to
healthy controls.
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Figure 5: A thin-plate spline demonstrating the average brainstem
shape deformation for patients with syrinx compared to patients
without syrinx.



We performed a landmark-based shape analysis to evaluate
the shape changes of the brainstem of CM-I patients. Detection
of both regional and global changes was possible with this
approach. In addition, differences in changes between CM-I
patients and healthy controls were evaluated. Advances in
imaging technology and tendency to investigate the effects of
diseases and environmental factors on organs or organisms’
anatomical structure are the underlying reasons for the wide
use of statistical shape analysis in medicine (15).

In amorphometric study by Khalsa et al. six 2D anatomical MRI
measurements and four 3D volumetric measurements of the
posterior fossa were used in the retrospective analysis of 102
CM-I patients. The authors demonstrated that no significant
difference between asymptomatic and symptomatic CM-I
groups were detected in either 2D morphometric or 3D
volumetric measurements (8). Comparison of radiographic
posterior cranial fossa parameters between CM-| patients
and healthy subjects was performed in many morphometric
studies in literature (2,4,5). Although several parameters
were investigated, there is paucity of information regarding
the brainstem morphology of CM-| patients. Comparison of
shape analysis of the brainstems of CM-| patients and healthy
controls brainstems were performed in the present study,
resulting in a significant difference between the CM-I patients
and healthy controls.

In this study, shape variability was higher in patients with
or without syrinx than in healthy controls. A high degree
of brainstem shape deformation was found as a result of
comparison of mean shapes of the patients to that of the
healthy controls. The greatest deformation was detected in
the tail region of the brainstem as enlargement and elongation.
According to the brainstem’s mean shape, when the patients
with syrinx were compared to those without syrinx, a narrowing
was observed in the brainstem tail region.

The diagnosis of CM-I is based on radiological anatomical
finding. Milhorat et al. reported that some patients that pres-
ent symptoms don’t have an apparent anatomical malforma-
tion and that some of these patients’ symptoms were relieved
after sub-occipital decompression (11). The failure of the tra-
ditional anatomical definition suggests the investigation of the
compression of the brain stem of CM-I patients. Krishna et al.
detected a difference in fractional anisotropy in the lower brain
stem of CM-I patients than in the healthy controls. This anisot-
ropy was normalized after decompression (9). Moncho et al.
studied brain stem auditory evoked potentials and somato-
sensory evoked potential (SSEP) alterations in CM-I patients
(12). In a 545-patient series, the authors detected evoked po-
tential alterations regardless of radiological findings, which
was consistent with Krishna et al.’s results (9), thus showing
the importance of brain stem compression at CM-I.

B CONCLUSION

Shape deformations in Chiari patients’ brainstem were
demonstrated in the present study. This is the first study us-
ing a landmark-based geometrical morphometric method and
showing the shape differences in Chiari patients’ brainstems
by considering the topographic distribution.
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