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Tip 1 Chiari Malformasyonlu Hastalarda Ameliyat Gereksinimini Artıran Faktörler 
Chiari Hastalarında Morfometrik Analiz

Aim: The causes of the syringomyelia in Chiari are not certainly 
defined. We have done morphometric analyses which can be 
useful to understand natural course and causes which increase 
the surgery requirement of patients. 

Methods: Eighty nine patients (operated) and 41 patients (non-
operated) were included the study. Investigations were done 
as randomized. Accompanying syringomyelia, area of foramen 
magnum, herniated tonsil volume and clivo-dental angle were 
compared between operated and control groups. 

Results: Syringomyelia was seen in 50%. The mean values of 
FMA were 765.2±119.5 mm2. The mean value of critical discourse 
analysis (CDA) was 139.5±10.6°. Mean of the hydrophobicity 
(HTV) were found to be 54.5±24.1 mm3. The mean of age was 
27±11.1, FMA was 876.5±131.9 mm2, CDA was 141.1±10.2°  
and HTV was 57.6±20.7 mm3 in the patients with syringomyelia. 
The mean of age was 33.9±12, FMA was 704.3±99.6 mm2, CDA 
was 137,8±10,8° and HTV was 51,4±26,8 mm3 in the patients 
who had not syringomyelia.

Conclusion: Younger age, larger FMA and CDA increase the HTV 
and the rate of accompanying syringomyelia. As a result, the 
need for surgery increases. We think that it may be beneficial 
to consider these parameters in patients who are evaluated for 
surgery. 

Keywords: Arnold-Chiari malformation type 1, syringomyelia, 
morphometric analysis

Amaç: Hastalığın doğal seyri halen tam anlaşılamamıştır. 
Siringomiyelinin oluşum sebepleri de belirsizliğini kısmen 
korumaktadır. Biz bu çalışmada, hastalığın doğal seyrine, 
operasyon gereksinimine neden olan sebeplere açıklık getirmede 
fayda sağlayacağını düşündüğümüz morfometrik analizler yaptık. 

Yöntemler: Seksen dokuz opere ve 41 opere olmayan incelendi. 
İncelemelerimiz randomize, retrospektif ve radyolojik olarak özel 
formüller vasıtasıyla yapıldı. Opere olanlarla olmayanlar arasında 
siringomyeli eşlik etme oranına, foramen magnum alanı (FMA), 
herniye tonsil hacmi (HTH) ve klivo-dental (KD) açı farklarına 
bakıldı. Siringomyeliye sebep olan parametrelerin oranı ayrı 
ayrı incelendi. HTH hesaplamasında sferoid hacim formülü ile 
hesaplandı. İstatistik analizi için veriler toplandı. Analizler sonrası 
anlamlılık değeri p<0,05 olarak gösterildi.

Bulgular: Siringomyeli eşlik etme oranı %50 idi. FMA ortalaması 
765,2 ± 119,5 mm2, KD açı 139,5±10,6, THH ortalaması 
54,5±24,1 olarak ölçüldü. Siringomiyeli mevcut olan hastalarda 
ortalama yaş 27±11,1 iken FMA ortalaması 876,5 ± 131,9, 
KDA ortalaması 141,1±10,2 ve THH ortalaması 57,6±20,7 
olarak bulunmuştur. Siringomiyeli olmayanlarda ise ortalama 
yaş 33,9±12, FMA 704,3 ± 99,6, KD açı 137,8±10,8, ve THH 
51,4±26,8 olarak bulunmuştur. 

Sonuç: Daha genç yaş, büyük foramen magnum ve klivus-dens 
açısı, tonsil herniasyon hacmi miktarını ve siringomiyeli eşlik 
etme oranını artırmakta ve bunlara sekonder operasyona gidişi 
daha sık hale getirmektedir. Operasyon gereksinimi açısından 
değerlendirilen hastalarda bu parametrelerin de gözönüne 
alınmasının, yararlı olabileceğini düşünmekteyiz.

Anahtar Sözcükler: Arnold-Chiari malformasyonu tip 1, 
siringomiyeli, morfometrik analiz
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Introduction
Chiari malformations (CM) is a group of diseases which 

includes anatomical abnormalities of craniovertebral 
junction, cerebellum and brainstem  (1). The most 
common form of this disease group is Chiari malformation 
type 1 (CM1). It was first described as “migration of 
conic-shaped cerebellar tonsils and caudal portions of 
cerebellum to the spinal canal with medulla oblongata” 
by Hans Chiari. CM1 is one of the most controversial 
issue in neurosurgery practice because of its definition, 
prognosis, treatment indications, selection of surgical 
procedure, accompanying abnormalities and diseases (2). 
Although one of the defined mechanisms is depletion of 
normal sized hindbrain to the inferior because of crowded 
posterior fossa caused by inadequate development of 
posterior cranial fossa which is derived from paraxial 
mesoderm; neutral progression of disease is still unclear. 
Although there are studies investigating the natural course 
of CM-1 which is less common in adults, sufficient data 
could not be obtained (3,4). Although the symptomatic 
patients mostly require surgery, there is no sufficient data 
for asymptomatic CM-1 cases (5,6). The causes of the 
syringomyelia are not certainly defined (7). In this study, 
we have done morphometric analyses which can be useful 
to understand natural course of CM-1 and causes which 
increase the surgery requirement of patients. 

Methods
This retrospective study was carried out with the 

collaboration of Şişli Hamidiye Etfal Training and Research 
Hospital and Haseki Training and Research Hospital’s 
Neurosurgery clinics. 89 patients (operation group) had 
surgery because of CM-1 and 41 patients (control group) 
followed due to the CM-1 malformation between the years 
2001 and 2018 were included the study. Investigations 

were done as randomized and by using special radiological 
formulas. Accompanying syringomyelia, area of foramen 
magnum (FMA), herniated tonsil volume (HTV) and clivo-
dental angle (CDA) were compared between operated 
and control groups. Parameters which cause syringomyelia 
were investigated separately. HTV were calculated with 
4/3×π×(X

/2
×Y

/2
×Z

/2
) spheroidal volume formula by using 

the largest cross-sections in three planes. The longest 
cross sections of herniated tonsils were measured in axial, 
coronal, sagittal planes and noted as X, Y, Z respectively. 
The angle between posterior line of clivus and dens in 
sagittal plane was used to determine CDA (Figure 1, 2). 
Length of the largest anterior-posterior (A-P) and lateral 
sections of foramen magnum were multiplied in axial plane 
to calculate FMA (Figure 1, 3, 4). All data was collected 
for statistical analysis and range, mean and standard 
deviation values were calculated for each measurement 
parameters. Independent sample student’s t test was used 
for normally distributed age, volume and measurements. 
The Spearman correlation test was used to evaluate the 
correlation between two continuous variables. Statistically 
significance value was found as p<0.05 (Figure 1, 5, 6). 

Findings

The mean age of all patients was 30.4±12.0. While the 
mean age of patients who had surgery was 27.7±10.4, 
mean value of the age was found to be 36.3±10.3 in the 
control group. Accompanying syringomyelia was seen in 
50% of all patients, but operated patients had higher 
syringomyelia incidence than control group (60.6% vs. 
28.5%). The mean values of FMA in all, operated and 
control patients were 765.2±119.5 mm2, 838.2 ± 119.8 
mm2 and 721.9±108.2 mm2 respectively. While the mean 
value of CDA was 139.5±10.6° in all patients, the mean 
CDA was 143.4±10.3° in operated group and 131.1±5.2° 
in control group. Mean of the HTVs were found to be 

Graphic1. Age and morphometric values of all patients. Fma: foramen magnum area,  htv: herniated tonsil volume, cda: clivo-dental 
angle
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54.5±24.1 mm3, 66.2±19.9 mm3 and 29.8±8.4 mm3 in 
the all, operated and control groups respectively (Table 1). 
The mean of age was 27±11.1, FMA was 876.5 ± 131.9 
mm2, CDA was 141.1±10.2° and HTV was 57.6±20.7 
mm3 in the patients with syringomyelia. The mean of age 
was 33.9±12, FMA was 704.3 ± 99.6 mm2, CDA was 
137,8±10,8° and HTV was 51,4±26,8 mm3 in the patients 
who had not syringomyelia (Table 2, Graphic 1).

Discussion
When we analyze our results, we found higher 

mean values for FMA (p<0.001), CDA (p<0.001), HTV 
(p<0.001) in the operated group. Increasing of FMA 
causes the facilitation of downward herniation of tonsils. 

The underlying mechanism is that the expansion of the 
foramen magnum facilitates the downward movement 
of the tonsils. Tonsils, which move to inferior, pull the 
anatomic structures they are attached to down. Arachnoid 
bands and adhesions at the level of tonsils may induce this 
process. Another facilitating factor is the effect of CDA. The 
higher CDA facilitates the movement of brainstem to the 
inferior. Additionally to this movement, tonsillar herniation 
together causes the compression around the foramen 
magnum, which is one of the reasons of syringomyelia. 

Although the pathophysiology of the formation of 
syringomyelia has not been fully explained, defects of the 
CSF flow are important (8). Massive syringomyelia had been 

Figure1. Measurements of clivo-dental angle, foramen magnum 
area and herniated tonsil volume at saggital plane

Figure2. Examples of measurements of clivo-dental angle

Figure3. Examples of measurements of foramen magnum area at saggital plane

Figure4. Examples of measurements of foramen magnum area 
at coronal and axial planes

Figure5. Examples of measurements of herniated tonsil volume 
at saggital plane
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reported in acute worsening patients (9). We found the 
incidence of syringomyelia was 50% in all patients which 
is parallel to the literature (8). We also found HTV and 
accompanying syringomyelia were inversely proportional 
with age (p<0.001) and were directly proportional with 
CDA (p<0.001) and FMA (p<0.001). 

Growing anatomical structures which continues in 
younger patients and comes to an end in elder patients, 
may be responsible this negative correlation. One of 
another effect may be the mobility of neural structures 
in young patients. In this study tonsil herniation and 
syringomyelia were found to be more frequently in 
younger patients. Younger patients consist the majority of 
the cases who need surgery (10). Even if the older patients 
diagnosed as CM1, progressive disease and accompanying 
syringomyelia are very rare. 

We found the young patients need surgery than older 
patients because of the tonsil herniation and accompanying 
syringomyelia. Also we found the increasing FMA and 
CDA cause more tonsil herniation and cooccurrence of 
syringomyelia. 

It has been previously reported that the presence of 
syringomyelia is a factor that strengthens the indication 
for operation (7,11). These findings may clarify the natural 
course of the disease and which factors are more frequent 
in operated patients. In addition, further studies are 
needed with more and different demographic people.

Conclusion
Younger age, larger FMA and CDA increase the HTV 

and the rate of accompanying syringomyelia. As a result, 
the need for surgery increases. We think that it may be 
beneficial to consider these parameters in patients who 
are evaluated for surgery. 
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Figure6. Examples of measurements of herniated tonsil volume at coronal and axial planes

Table 2. Age and morphometric values according to syringmyelia presence

  Age (years) FMA (mm2) HTV (mm3) CDA (°)

Patients with syringomyelia 27±11.1 876.5±131.9 57.6±20.7 141.1±10.2 

No syringomyelia 33.9±12 704.3±99.6 51.4±26.8 137.8±10.8

Overall 30.4±12.0 765.2±119.5 54.5±24.1 139.5±10.6

FMA: Foramen magnum area, HTV: Herniated tonsil volume, CDA:  Clivo-dental angle

Table 1. Age and morphometric values of operated and non-operated patients 

  Age (years) FMA (mm2) HTV (mm3) CDA (°) Syringomyelia (%)

Overall 30.4±12.0 765.2±119.5 54.5±24.1 139.5±10.6 50

Operated 27.7±10.4 838.2±119.8 66.2±19.9 143.4±10.3 60.6

Non-operated 36.3±10.3 721.9±108.2 29.8±8.4 131.1±5.2 28.5

FMA: Foramen magnum area, HTV: Herniated tonsil volume, CDA:  Clivo-dental angle
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