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Introduction

A chronic subdural hematoma (CSDH) is a slowly grow-
ing encapsulated collection of blood and its breakdown 
products between the dura mater and the arachnoid.12) CSDH 
is a condition mostly present in older people. Men are more 
commonly affected than women. One rationale for male 
dominance could be that men generally have a greater expo-
sure to injuries.10,17) Although men sustain nearly two to three 
times as many brain injuries as women,6) it could not enough 
to explain the reason for male predominance on CSDH. 

It is well documented that mean brain size (weight or vol-
ume) is 9-12% larger in men than in women.16) There is ev-

idence that some brain regions show age-associated volume 
decline and that men undergo more accelerated cerebral ag-
ing than women.8) The purpose of this study is to find out 
whether there were any differences in the anatomy of cra-
nium, which may contribute the pathogenesis or risk fac-
tors of CSDH. 

Materials and Methods

We treated 56 patients with CSDH by burr-hole drainage 
from 2011 to 2013. There were 47 males and 9 females (sex 
ratio 5.2:1). The mean age was 70 years old (range 43 to 86 
years). The number of female patients was few to compare 
the anatomical difference according to the gender. We in-
cluded consecutive 31 female patients with CSDH from 2006 
to 2009. We also included consecutive 100 patients with 
transient ischemic attack (TIA) to compare the morphology 
and size of the cranium. These patients had been managed 
conservatively in this hospital between 2006 and 2013. The 
study population was consisted of 87 patients with CSDH 
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and 100 patients with TIA. In all cases, the diagnosis was 
made by the cranial computed tomography (CT) scan. We 
excluded patient with conservatively treated CSDH, since 
differentiation of subdural hygroma from CSDH is often 
impossible by CT alone. We also excluded patients with TIA 
who had a history of surgical or medical treatment for brain 
disease. 

We classified into four groups; group A (CSDH male 47), 
group B (CSDH female 40), group C (TIA male 50), and 
group D (TIA female 50). We measured the size of the cra-
nium in the CT scans, retrospectively. Demographic charac-
teristics of these groups were presented in Table 1. There 
were no statistically significant differences.

First, we selected a CT axial image where the third ven-
tricle was best visualized. Second, we drew a midline from 
the glabella to the inion. Finally, we measured the length of 
cranium from the glabella to the inion (Lap), the width of 
cranium (Wc), and the maximal radius from midline to the 
right (Rr) and left (Rl) ends (Figure 1). We obtained the ratio 
of cranium (Rc), dividing the width by the length (Wc/Lap) 
and difference of cranium (Dc), difference between the right 

and left radiuses. Although measurement of the exact cra-
nial asymmetry requires reconstruction 3D program, gross 
asymmetry could be assured on the conventional CT axial 
image. Statistical analysis was performed with ANOVA and 
t-test. All p value less than 0.05 were considered statistical-
ly significant.

Results

The average length and width of male cranium were larg-
er than those of female cranium (Table 2). The radius of the 
left side was slightly larger than that of the right side in all 
groups except group A (CSDH male). Although the length 
and width of the male groups were larger than those of the 
female groups, the Rc was quite similar in all groups. How-
ever, the Dc was significantly higher in patients with CSDH 
(group A and B)(p=0.03). 

We also compared with gender (A+C vs. B+D) and dis-
ease (A+B vs. C+D) groups. The mean Dc was 3.02 mm in 
male group (group A and C) and 2.52 mm in female group 
(group B and D). Although the mean Dc of male group was 

TABLE 1. Demographic characteristics in groups A, B, C, and D 

A B C D p-value
Mean age 69.29 (10.40) 66.62 (18.97) 64.00 (9.26) 65.18 (13.98) 0.245*
AA 03 04 02 03 0.716†

APD 03 04 05 04 0.909†

HT 16 14 15 15 0.932†

DM 07 08 06 07 0.687†

*by t-test, †by ANOVA test. AA: alcohol abuse, APD: antiplatelet drug, HT: hypertension, DM: diabetes mellitus

TABLE 2. The average value of cranial measurement in groups 
A, B, C, and D 

Groups Lap Wc Rr Rl Rc Dc n
A 154.60 112.91 68.17 67.60 0.73 3.65 47
B 149.15 108.43 66.02 66.09 0.73 3.31 40
C 153.97 111.29 68.13 69.13 0.72 2.23 50
D 149.00 106.55 64.69 65.49 0.72 2.13 50

Group A: male chronic subdural hematoma, Group B: fe-
male chronic subdural hematoma, Group C: male transient 
ischemic attack, Group D: female transient ischemic attack. 
Lap: length of cranium (from glabella to inion), Wc: width of 
cranium, Rr: radius of the right side, Rl: radius of the left side, 
Rc: ratio of cranium (Wc/Lap), Dc: difference of cranium

TABLE 3. The average difference of cranium in male (group A 
and C), and female (group B and D) 

Groups n Average (mm) SD
Male (group A and C) 97 3.02 0.20
Female (group B and D) 90 2.52 0.21
p=0.24 on t-test. Group A: male chronic subdural hematoma, 
Group B: female chronic subdural hematoma, Group C: male 
transient ischemic attack, Group D: female transient ischemic 
attack. SD: standard deviation

FIGURE 1. On the best image of well-visualized of the 3rd ventri-
cle of axial computed tomography images of all patients, the mid-
line was set from anterior falx and post falx and we measure the 
maximal radius on each side. Lap: length of cranium (from glabel-
la to inion), Wc: width of cranium, Rr: radius of the right side, Rl: ra-
dius of the left side.
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larger than that of female group, this difference was not sta-
tistically significant (by t-test, p=0.24)(Table 3). The mean 
Dc was 3.49 mm in CSDH group (group A and B) and 2.14 
mm in TIA group (group C and D). The mean Dc of CSDH 
group was significantly larger than that of TIA group (by 
t-test, p＜0.05)(Table 4).

 

Discussion

The average size of male cranium was larger than that 
of female cranium. The radius of the left side was usually 
larger than that of the right side due to cerebral dominance. 
Although the Rc was quite similar in all groups, the Dc was 
significantly higher in patients with CSDH either male or fe-
male. 

CSDH occur in the dural border cell (DBC) layer, located 
between the dura mater and the arachnoid and the dissection 
of these layer creates a subdural cavity.9) Patients with ex-
tensive brain atrophy (elderly and alcoholics) or conditions 
resulting in intracranial hypotension (ventriculoperitoneal 
shunt) are vulnerable to developing CSDH.1) Traversing veins 
are being stretched by the shrinking brain until only a minor 
additional force is sufficient to cause the rupture of the bridg-
ing veins and create the hematoma.1) This is followed by fi-
brin deposition, organization, enzymatic fibrinolysis, and 
liquefaction of the clot. An inflammatory reaction occurs, 
and neomembranes (inner or visceral and outer or parietal 
membranes) are formatted with the growth of neocapillar-
ies and enzymatic hyperfibrinolysis.15) CSDH tend to grad-
ually enlarge because repeated micro-hemorrhage may lead 
to clinical signs and symptoms of increased intracranial pres-
sure or compression brain structures.12) 

The pathogenesis of CSDHs remains complex and hypo-
thetical.14) Risk factors are not well understood yet, espe-
cially in elderly patients.2,3) Kim et al.11) assumed that medi-
cal history did not significantly influence the recurrence 
rate. They correlated to progressive brain atrophy with en-
largement of the subdural space. In addition, the dural blood 
vessel increases the fragility, and the hemostasis inside the 

hematoma is not sufficient, because of the simultaneous ac-
tivation of coagulation and fibrinolytic cascade, with an in-
creased expression of tissue-type plasminogen activator.14) 
In general, advancing age has been associated with de-
creased brain tissue and increased cerebrospinal fluid (CSF). 
The major predisposing factor is that generalized cerebral 
atrophy and the venous fragility increase. Some reported 
that in patients over 50 years of age, the mass of the brain is 
reduced by approximately 200 g, which results in an in-
creased extracerebral volume of up to 11%.13) So we want to 
validate a theory that the morphologic difference between 
CSDH and normal group is the aggravating factor of devel-
opment of CSDH. If it became an authenticated case, it is 
helpful to study the pathogenesis of CSDH. 

In the present study, we found a statistically significant dif-
ference in the maximal radius between CSDH female and 
TIA female group. It means that the asymmetry of women’s 
cranium with CSDH is significantly higher than with TIA. 
We also found a statistically significant difference in the 
maximal radius between all patients with CSDH and all 
patients with TIA, regardless of the sex difference. It implies 
that the asymmetrical cranium may be a significant risk 
factor of CSDH. We could assume that the bulging-headed 
person is prone to develop a CSDH under trauma. We select-
ed patients with TIA as a control group, since their age-dis-
tribution was similar. 

Atrophy of the brain is an aging process. Although the 
brain atrophy is progressive, the cranium is constant. So the 
newly developed dead space after brain atrophy is gradual-
ly filled with CSF or others, according to Monro-Kelly’s 
doctrine. The negative pressure from brain atrophy is con-
stant on each side of the cranium, according to Boyle’s law 
which the pressure of gas tried to hold at a constant tempera-
ture change by inverse with the volume of the gas.

PV=k; Where P is the pressure of gas, V is the volume of 
the gas, and k is a constant.

Since diffuse brain atrophy decreases the left and right 
hemispheres in the same ratio, the negative pressure of the 
both hemispheres is the same. As the degree of atrophy is 
constant, the decreased length of brain diameter on the large 
hemisphere is longer than on the small hemisphere. So, the 
distance from the skull to the cerebral cortex in the shrunk-
en hemisphere is longer on the side of large hemisphere. 
The bridging vein is more stretched on the large hemisphere, 
so it may be tore by a trivial injury. If the distance exceeds 
the length of the arachnoid trabeculae, separation of the 
DBC layer will occur at the large hemisphere, which will 
create so-called the subdural space. This anatomical asym-
metry of the cranium influences the left prevalence of 

TABLE 4. The average difference of cranium in chronic subdu-
ral hematoma (group A and B), and transient ischemic attack 
(group C and D) 

Groups n Average (mm) SD
CSDH (group A and B) 087 3.49 0.20
TIA (group C and D) 100 2.14 0.19
Group A: male chronic subdural hematoma, Group B: female 
chronic subdural hematoma, Group C: male transient isch-
emic attack, Group D: female transient ischemic attack. SD: 
standard deviation, CSDH: chronic subdural hematoma, TIA: 
transient ischemic attack
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CSDH. Separation of the DBC layer is easy in a large crani-
um with severe atrophy, which could explain the male prev-
alence. Anatomically, female is hard to develop CSDH un-
less the cranial asymmetry is great. 

The gender differences in normal brain structure and 
function have been carried out.12) Male brain is larger than 
female brains in all locations, especially most prominent in 
frontal and occipital lobe, bilaterally.10) And the anterior re-
gions of corpus callosum decrease in width at earlier age 
in men than women.8,10) Age-specific changes in brain size 
were significantly greater in men than women.5,7) With in-
creasing the brain atrophy, the CSF in subdural space in-
crease, so it is result in CSDH. Age-specific changes in brain 
size were significantly greater in men than women for CSF 
volume, the sylvian fissure CSF volume, and the parietooc-
cipital region area.4) This can be another reason for the high 
prevalence of CSDH in males. The male prevalence is relat-
ed to the cranial size and asymmetry along with great ex-
posure of males to injury, estrogen effect on the capillaries, 
or fewer medical visit of females.10)

 

Conclusion

Size and asymmetry of the cranium may be a risk factor of 
CSDH. Gender differences in the anatomy of cranium may 
contribute pathogenesis of CSDH. Identification of this re-
lationship may be useful to elucidate the origin and patho-
genesis of CSDH. 
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