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Abstract

Amag:. Bu calismada, Chiari Malformasyonu Tip-I
hastalar1 ve kontrol grubuna ait Manyetik Rezonans (MR)
gorintilerinde fossa cranii posterior (FCP) ve cranium’ a
ait morfometrik Sl¢imler yapilarak olusan motfolojik
degisiklikleri degerlendirmek amaclandu.

Gereg ve Yontem: Calismamuz retrospektif nitelikte olup
calismaya 21 ve 47 yas araliginda 32 kisilik kontrol grubu
(16 kadin, 16 erkek) ve 12 kisilik CMI’ It hasta grubu (6
erkek, 6 kadin) dahil edildi. CMI’ It hasta ve kontrol
grubuna ait T2 agitlikli MR gorintiileri tizerinde Slgiimler
yapild1.

Bulgular: Maksimum cranial uzunluk, maksimum cranial
yitkseklik, foramen magnum sagittal capi, basis cranii
uzunlugu, supraocciput uzunlugu, clivus uzunlugu, fossa
cranii posteriot” un 6n-arka capi, occipital cord uzunlugu,
cerebellum  yiiksekligi, herniasyon miktarr CMI” I
hastalarda strastyla 164.13£10.67mm, 134.60 £10.71 mm,
36.8945.28 mm, 108.5£7.9 mm, 38.5+3.7 mm, 36.7+7.1
mm, 84.91£8.8 mm, 79.7+11.5 mm, 53.3+4.2 mm, 7.8+4.9
mm olarak 6l¢ildi.

Sonug: Sagliklt bireylere ait degerlerle karsilastirildiginda,
CMTI’lt hastalarda foramen magnum 6n-arka c¢apinda ve
tonsiller herniasyonda artig; clivus uzunlugu, occipital cord
uzunlugu ve supraocciput uzunlugunda azalma oldugu
gorildi. CMIht hastalara ait FCP  morfometrisinin
bilinmesinin hastalarin takibine ve cerrahisine katkt
saglayacagl distnildd.

Key words:. Fossa cranii postetior, tonsiller herniasyon,
Chiari malformasyonu

Oz

Purpose: The aim of this study is to evaluate the
morphological changes in Magnetic Resonance Images
(MRI) of Chiari Malformation Type-1 (CMI) patients by
petforming morphometric measurements of fossa cranii
posterior (FCP) and cranium.

Materials and Methods: Our study is retrospective and
included a control group of 32 (16 females, 16 males) and
12 patients (6 males, 6 females) with CMI between the ages
of 21 and 47 years. Measurements were made on T2-
weighted cranial MR images of the patient with CMI and
the control group.

Results: Maximum cranial length, maximum cranial
height, sagittal diameter of foramen magnum, cranium
base length, supraocciput, clivus length, anteriot-posterior
diameter of fossa cranii posterior, occipital cord length,
cerebellum height, amount of herniation in CMI were
found 164.13£10.67mm, 134.60£10.71mm,
36.891+5.28mm, 108.5+7.9mm, 38.5+3.7 mm,
36.7£7.1mm, 84.9£8.8mm, 79.7+11.5mm, 53.314.2mm,
7.8£4.9mm respectively.

Conclusion: In our study, the measurements of the CMI
and the control group were compared and a decrease in
the length of the supraocciput, the length of the clivus and
the length of the occipital cord has been found and an
increase in the length of the cranial base and the sagittal
diameter of the foramen magnum has been found in CMI
patients. As a result of the data obtained in our study, FCP
morphometry of patients with CMI can contribute to
patient follow-up and surgery.

Anahtar kelimeler: Fossa cranii posterior, tonsillary
herniation, Chiari malformation
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INTRODUCTION

The fossa cranii posterior (FCP) is the largest of the
three cranial fossa and lodges the cerebellum, pons
and medulla oblongatal. Many developmental
disorders, including Chiari Malformations, affect the
diameters and volume of the FCP?*5. Chiari
Malformations describes an increased degree of
herniation of the structures of the hindbrain from the
foramen magnumS. Moreover, Chiari Malformation
Type-1 is defined as a herniation of the cerebellar
tonsil(s) into the spinal canal > 3—5 mm beyond the
basion-opisthion line (McRae’s line)7*. Although the
etiology of CMI is not fully known, it is thought to
be multifactorial!®!!. Furthermore, spinal and head
base abnormalities of bone structure such as
scoliosis, kyphosis, canal enlargement,
atlantoaxial assimilation, C1 incomplet ossification,
Klippel-Feil Syndrome are often seen in patients with
CMI and structural brain abnormalities are not
observed in patients with CMI7121314, Syringomyelia
is frequently found in patients with CMI.

cervical

Moreover, MRI is the best imaging method for
diagnosing CMI* Clinical signs and symptoms in
patients with CMI are related to structures that are
suppressed and develop loss of function with caudal
displacement of the cerebellar tonsils through the
foramen magnum. According to Milhorat et al, they
were classified these clinical manifestations in five
main groups: Suboccipital headache, ocular disorders,
neurological disorders, clinical manifestations related
to the brainsytem-cerebellum-lower cranial nerves
and spinal cord disorders. The most common
symptom is headache that spreads especially to the
occipital and upper cervical region and is triggered or
exacerbated by the valsalva maneuver®. Furthermore,
in symptomatic CMI cases, each patient is treated
according to the current neurological findings and the
presence of additional pathologies. Surgical methods
such as craniovertebral junction decompression,
duroplasty, ventriculoperitoneal shunt can be used
for treatment!>16.

The aim of the present study was to evaluate the
morphological changes in FCP using MR images of
CMI  patients by performing morphometric
measurements of FCP and cranium.

MATERIALS AND METHODS

Study group

The study was performed on cranial MRI in the
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Radiology Department of Adana Medline Hospital.
Patients (12 patients) with tonsillar herniation greater
than 3 mm between the ages of 21-47 years between
January 2020 and April 2021, were included in the
group with CML

Cranial MR images of 32 individuals (16 male, 16
famale) aged 21-47 years who did not undergo
intracranial surgery, who did not have any disease
affecting the bones, and who did not have a history
of skull fracture or intracranial tumor mass were
randomly selected in the control group. This
retrospective study is approved by the Cukurova
University Faculty of Medicine Non-Interventional
Clinical Research Ethics Committee (Date:
10.09.2021, Decision No: 41; Number of Meetings:
114). The measurements were made by an expert
radiologist.

MR Protocol

Brain MRI protocol including sagittal T2-weighted
spin echo (TR:3600, TE: 87 ms; slice thickness 5 mm;
gap 1.5 mm) was used. The measurements were
performed from digital MR images using caliper
function with x2 magnification.

Demonstration

Figure 1.
measurements petformed on the midsagittal line
on T2-weighted Cranial MRI.

L1: Maximum cranial length, L.2: Maximum cranial height, L4:
Cranium base length, L8: Occipital cord length.

of morphometric

Morphometric measurement parameters

Using the midsagittal T2-weighted spin echo image,
the following parameters of posterior cranial fossa
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dimensions were evaluated 46751719 (Figure 1, Figure

2).

Maximum cranial length (L1): The distance
between the glabella and the opisthocranion.

2. Demonstration

Figure
measurements petformed on the midsagittal line
on T2-weighted Cranial MRI

L3: Sagittal diameter of Foramen magnum, L5: Supraocciput
length, L6: Clivus length, L7: FCP anteroposterior length,
CH: Cerebellum Height, TH: Tonsiller Herniation

of morphometric

Maximum cranial height (L2): The distance
between the basion and the vertex

Foramen magnum sagittal diameter (L3): The
distance between the basion and the opisthion

Cranium base length (L4): The distance between
the nasion and the basion.

Supraocciput length (I.5): The distance between
the opisthion and the protuberentia occipitalis
interna

Clivus length (I.6): The distance between the
basion and the dorsum sellae top edge

FCP anteroposterior length (L7): The distance
between the dorsum sellae and the protuberentia
occipitalis interna

Occipital cord length (L8): The distance between
the opisthion and the lambda

Cerebellar height (CH): The distance between
the lowest and highest points of the cerebellum.
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Tonsillar herniation (TH): The distance between
McRae line and the lowest point of tonsilla
cerebelli.

Statistical analysis

Statistical Package for the Social Sciences (SPSS 21.0)
was used to analyze the measurement results. The
independent sample t-test was used to compate the
measurement parameters L1, L2, .4, L5, L6, L7, L8,
CH and The Mann-Whitney U test was used to
compare the .3 and TH parameters. The mean *
standard deviation and P values of the measurements
were recorded. The statistical significance level was
accepted as 0.05 for all tests.

RESULTS

In our study, the average age of patients with CMI
was found to be 30.6, and the average age of
individuals in the control group was found to be 36.4.

In the morphometric measurements, mean foramen
magnum sagittal diameter (CMI: 36.8915.28 mm,
control: 32.41+3.61 mm) and cranium base length
(CMI: 108.5£7.9 mm, control: 99.8£6.6 mm) were
found to be statistically significantly higher in CMI
group, than the measurements of the control group

(Table 1).

However, maximum  cranial length (CMI:
164.13£10.67mm, control:  180.19%£8.51 mm),
supraocciput length (CMI: 38.5+£3.7 mm, control:
50.5£3.9 mm), clivus length (CMI: 36.7+7.1 mm,
control): 44.1%3.7 mm) and occipital cord length
(CMI: 79.7£11.5 mm, control: 94.9£5.7 mm) were
found to be statistically significantly lower in patients
with CMI than in the control group (Table 1).

There were no statistically significant difference
between the patients with CMI and the control group
in terms of maximum cranial height (CMI: 134.60
+10.71 mm, control: 139.75+5.09 mm), anterior-
posterior diameter of fossa cranii posterior (CMI:
84.918.8 mm, control: 83.9£4.7 mm) and cerebellum
height (CMI: 53.3% 4.2 mm, control: 55.4%4.2 mm)
(Tablel). The mean tonsillar herniation was 7.8£4.9
mm in the group with CMI and 0.3%1.8 mm in the
control group (Table 1). Morphometric measurement
results of FCP and cranium in T2-weighted MR
images of patients with Chiari Type-1 malformation
and control group are shown in the tablel.
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Table 1. Comparison of the mean morphometric measurements of the MR images of the Patient and Control

Groups
CMI (n:12) Control (n:32)
Morphometric measurements (mm) (meanzsd) (meanztsd) P-valne
Maximum cranial length 164.1£10.7 180.2£8.5 <0.001*
Maximum cranial height 134.6 £10.7 139.8+5.1 0.134
Foramen magnum sagittal diameter 36.9£5.3 32.4%3.6 0.008*
Cranium base length 108.5£7.9 99.846.6 0.001*
Supraocciput length 38.5+3.7 50.5+3.9 <0.001*
Clivus length 36.7£7.1 44.143.7 0.004*
FCP anteroposterior length 84.9£8.8 83.914.7 0.725
Occipital cord length 79.7£11.5 94.945.7 0.001*
Cerebellar height 53.314.2 55.414.2 0.154
Tonsiller herniation 7.814.9 0.3£1.8 <0.001*

CMI: Chiari Malformation Type-1, FCP:Fossa cranii posterior SD:Standart deviation, (*) Statistically significant

DISCUSSION

There are many studies supporting that insufficient
development of the patraxial mesoderm is responsible
for the pathogenesis of CMI™*!7. Inadequate
development of the paraxial mesoderm causes
hypoplasia of the occipital bone and small FCP18,
Thus, an abnormality in any of the bone structures
that make up the FCP can cause widening of the FM
diameter>1920,  Therefore, Chiari Malformations
describe an increased degree of herniation of the
hindbrain structures from the foramen magnum. In
this investigation, FM anteroposterior diameter was
found to be higher in the group with CMI (36.9+5.3
mm) than in the control group (32.4%£3.6 mm).
Similarly, some researchers also found the foramen
magnum AP diameter to be statistically significantly
higher in the CMI group than in the control
group'®26,  However, Sckula et al. (CMI:
43.55£55.9mm, control: 42.524+5.9mm), Noudel et
al. (CMI: 37.1 mm, control: 35.4mm) and Urbizu et
al. (CMI: 43.5mm, control: 42.5 mm) did not find a
statistically ~ significant difference between the
measurements of the CMI and control group”-214

In a prospective study conducted by Milhorat and
colleagues, the mean supraocciput length was
measured as 37.7£5.9 mm in the group with CMI and
41.8£52mm in the control group that found
statistically ~ significant’. On the other hand,
Nishikawa et al. did not estimate a statistically
significant difference between the group with CMI
and the control group in terms of supraocciput length
in Japanese people!’. Additionally, this value was
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measured as 34.29 mm in CMI patients and 40.18
mm in the control group in Koreans but the
difference was also not found statistically different??.
Conversely, in our morphometric study this value
was found to be lower in the group with CMI
(38.5+£3.7 mm) than in the control group (50.5%£3.9
mm). We think that these diversities may be due to
age, race and individual differences.

Moreover, it was concluded that clivus length was the
most important variable of PCF measurements in
radiologically distinguishing between CMI and
control groups?. Data supporting this result were
obtained from our study and from many studies
conducted in different populations>+67%19, In our
study, the clivus length was found to be lower in the
group with CMI (36.7£7.1 mm) compared to the
control group (44.1+3.7 mm).

Mikulis et al separated the patients according to age
groups and they found that there was a decrease in
tonsillar herniation in the advanced age group?. In
our study, the amount of TH was found to be 7.81+4.9
mm in patients with CMI. Since our patient group
was small in number, the correlation between age and
TH could not be examined by grouping according to

age.

The cerebellar hemisphere height was found to be
statistically significantly higher in both Tastemur et
al.% (CMI: 59.13 mm, Control: 53.32 mm) and Hwang
et al.??2 (CMI: 61.51 mm Control: 53.89 mm) CMI
groups. However, in our investigation, there is no
statistically significant difference was found between
the CMI (53.3%4.2 mm) and the control group
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(55.4£4.2 mm) in terms of cerebellar hemisphere
height. Additionally, in this paper, maximum cranial
length in patients with CMI (164.1£10.7 mm )
compared to the control group (180.2£8.5 mm) was
statistically lower in the group CMIL In our study,
unlike the study conducted by Tastemur and his
colleagues the length of the basis cranii was found to
be statistically significantly longer in the group with
CMI (108.5%7.9 mm) than in the control group
(99.8+6.6 mm)S.

There are many studies showing that insufficient
development of the paraxial mesoderm is responsible
for the pathogenesis of CMI, and in these studies, the
occipital bone was found to be hypoplasic and the
clivus shorter than normal”%1712, The results of our
study support this hypothesis for the pathogenesis of
the CMI. The limitation of our study is that we have
a small number of cases due to the fact that CMI is a
rare malformation.

In our study, when the measurement values of the
CMI and control groups were compared, a decrease
in supraocciput length, clivus length and occipital
cord length, an increase in the length of the basis
cranii, and diameter of the foramen magnum were
observed in the CMI group. In conclusion, we think
that this study on FCP morphometry of patients with
CMI will contribute to the follow-up and surgery of
patients.

Yazar Katkilari: Calisma konsepti/Tasarimi: DV, MO; Veri toplama:
MO, DV; Veri analizi ve yorumlama: DV, MO; Yaz taslagi: DV, MO;
Tgerigin elestirel incelenmesi: DV, MO; Son onay ve sorumluluk: DV,
MO; Teknik ve malzeme destegi: DV, MO; Siipervizyon: DV, MO; Fon
saglama (mevcut ise): yok.

Etik Onay: Bu calisma igin Cukurova Universitesi Tip Fakiiltesi
Girisimsel Olmayan Klinik Arastirmalar Etik Kurulundan 10.09.2021
tarih ve 114/41 sayili karari ile etik onay alinmugtir.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catigmasi1: Yazarlar ¢ikar catismast beyan etmemislerdir.
Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.
Author Contributions: Concept/Design : DV, MO; Data acquisition:
MO, DV; Data analysis and interpretation: DV, MO; Drafting
manuscript: DV, MO; Critical revision of manuscript: DV, MO; Final
approval and accountability: DV, MO; Technical or material support:
DV, MO; Supervision: DV, MO; Securing funding (if available): n/a.
Ethical Approval: Ethical approval was obtained for this study from
the Ethics Committee of Non-Interventional Clinical Trials of the
Faculty of Medicine of Cukurova University with the decision dated
10.09.2021 and numbered 114/41.

Peer-review: Externally peer-reviewed.

Conflict of Interest: Authors declared no conflict of interest.
Financial Disclosure: Authors declared no financial support

REFERENCES

1. Moore KL, Dalley AF. Moore Clinically Oriented
Anatomy, 4th ed., Baltimore, Lippincott Williams &
Wilkins, 1999.

1071

10.

11.

12.

13.

14.

Morphometry in Chiari malformation type 1

Dagtekin A, Avci E, Kara E, Uzmansel D, Dagtekin
O, Koseoglu A et al. Posterior cranial fossa
morphometry in symptomatic adult Chiari I
malformation patients: comparative clinical and
anatomical ~ study. Clin  Neurol Neurosurg.
2011;113:399-403.

Furtado SV, Reddy K, Hegde AS. Posterior fossa
morphometry in symptomatic pediatric and adult
Chiari I malformation. | Clin Neurosci. 2009;16:1449-
54.

Urbizu A, Poca MA, Vidal X, Rovira A, Sahuquillo J,
Macaya A. MRI-based morphometric analysis of
posterior cranial fossa in the diagnosis of chiari
malformation type I. ] Neuroimaging. 2014;24:250-6.
Stovner L], Bergan U, Nilsen G, Sjaastad O. Posterior
cranial fossa dimensions in the Chiari I malformation:
relation to pathogenesis and clinical presentation.
Neuroradiology. 1993;35:113-8.

Tastemur Y, Sabanciogullar1 V, Salk 1, Sénmez M,
Cimen M. The relationship of the postetior cranial
fossa, the cerebrum, and cerebellum morphometry
with tonsiller herniation. Iran J Radiol. 2017;14:1.
Sekula RF Jr, Jannetta PJ, Casey KF, Marchan EM,
Sekula LK, McCrady CS. Dimensions of the posterior
fossa in patients symptomatic for Chiari 1
malformation but without cerebellar tonsillar descent.
Cerebrospinal Fluid Res. 2005;2:11.

Meadows ], Kraut M, Guarnieri M, Haroun RI,
Carson BS. Asymptomatic Chiari Type 1
malformations identified on magnetic resonance
imaging. | Neurosurg. 2000;92:920-6.

Milhorat TH, Chou MW, Trinidad EM, Kula RW,
Mandell M, Wolpert C, Speer MC. Chiari I
malformation redefined: clinical and radiographic
findings for 364 symptomatic patients. Neurosurgery.
1999;44:1005-17.

Urbizu A, Toma C, Poca MA, Sahuquillo J, Cuenca-
Leén E, Cormand B, Macaya A. Chiari malformation
type I: a case-control association study of 58
developmental genes. PLoS One. 2013;8:¢57241.
Shoja MM, Johal J, Oakes W], Tubbs RS. Embryology
and pathophysiology of the Chiari I and II
malformations: A comprehensive review. Clin Anat.
2018;31:202-15.

Oakes W], Tubbs RS. Chiari malformations. In:
Youmans Neurological Surgery. 5th Ed. (Ed HR
Winn): 3347-61. Philadelphia, Saunders, 2004.
Milhorat TH, Bolognese PA, Nishikawa M,
McDonnell NB, Francomano CA. Syndrome of
occipitoatlantoaxial hypermobility, cranial settling,
and chiari malformation type I in patients with
hereditary disorders of connective tissue. ] Neurosurg
Spine. 2007;7:601-9.

Schady W, Metcalfe RA, Butler P. The incidence of
craniocervical bony anomalies in the adult Chiari
malformation. ] Neurol Sci. 1987;82:193-203.

James HE, Brant A. Treatment of the Chiari
malformation with bone decompression without



Vurallt and Oksiizler

16.

17.

18.

19.

20.

durotomy in children and young adults. Childs Nerv
Syst. 2002;18:202-6.

Di Lorenzo N, Cacciola F. Adult syringomielia.
Classification,  pathogenesis  and  therapeutic
approaches. | Neurosurg Sci. 2005;49:65-72.
Nishikawa M, Sakamoto H, Hakuba A, Nakanishi N,
Inoue Y. Pathogenesis of Chiari malformation: a
morphometric study of the posterior cranial fossa. |
Neurosurg. 1997;86:40-7.

Marin-Padilla M, Mrin-Padilla TM. Morphogenesis of
expetimentally induced Arnold-Chiari malformation.
J Neurol Sci. 1981;50:29-55.

Aydin S, Hanimoglu H, Tanriverdi T, Yentur E,
Kaynar MY. Chiari type I malformations in adults: a
morphometric analysis of the posterior cranial fossa.
Surg Neurol. 2005;64:237-41.

Tubbs RS, Iskandar BJ, Bartolucci AA, Oakes WJ. A
critical analysis of the Chiari 1.5 malformation. |
Neurosurg. 2004;101:179-83.

1072

21.

22.

23.

24.

Cukurova Medical Journal

Noudel R, Jovenin N, Eap C, Scherpereel B, Pierot L,
Rousseaux P. Incidence of basioccipital hypoplasia in
Chiari  malformation  type I:  comparative
morphometric study of the posterior cranial fossa.
Clinical article. ] Neurosurg. 2009;111:1046-52.
Hwang HS, Moon ]G, Kim CH, Oh SM, Song JH,
Jeong JH. The comparative morphometric study of
the posterior cranial fossa : what is effective
approaches to the treatment of Chiati malformation
type 1. ] Korean Neurosurg Soc. 2013;54:405-10.
Vega A, Quintana F, Berciano J. Basichondrocranium
anomalies in adult Chiari type I malformation: a
morphometric study. ] Neurol Sci. 1990;99:137-45.
Mikulis DJ, Diaz O, Egglin TK, Sanchez R. Vatiance
of the position of the cerebellar tonsils with age:
preliminary report. Radiology. 1992;183:725-8.



