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Frequency, shape, and estimated volume
of intracranial physiologic calcification in
different age groups investigated by
brain computed tomography scan:
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Abstract: Intracranial calcification is referred to calcification of parenchyma and vascular structures in brain which can
be physiologic or pathologic. This study was conducted with the purpose of investigating the frequency, location, pattern,
dimensions and estimated volume of intracranial physiologic calcification (IPC) by computer tomography in different age
groups. In this cross-sectional retrospective study, brain computed tomography scans of 216 patients were analyzed in 9
age groups each containing 24 patients from 2 to 89 years old. Data were analyzed by SPSS software using one way analysis
of variance (ANOVA, post hoc Tukey), chi square, and linear regression tests (P<0.05 was considered significant). Rate of
calcification in different areas were as follows: pineal gland (75.0%), habenula (36.4%), pineohabenula (15.0%), right lateral
ventricle choroid plexus (RCP) (67.7%), left lateral ventricle choroid plexus (LCP) (62.7%), falx cerebri (26.8%), petroclinoid
ligament (13.2%), tentorium cerebelli (6.8%), third ventricle choroid plexus (0.9%), fourth ventricle choroid plexus (2.7%),
basal ganglia (0.9%). A significant correlation exists between the presence of calcification in pineal, habenula, RCP, and LCP
(P<0.001). Nodular shape of calcification was dominant (47.9%). Estimated volume of pineal calcification showed increased
levels in group 8 (70-79 years old) compared to group 2 (10-19 years old) (P<0.05). Since the accurate description of radiologic
appearance of IPCs (location, shape, and size) accompanied with age and clinical manifestation is of great importance
in diagnosis and distinguishing from pathologic calcification—for example in patients with melatonin dysregulation or

schizophrenic patients—this study was required.
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Intracranial calcification is referred to calcification of
manifested as a physiologic or pathologic process. Intracra-

brain computed tomography [2] scans as this means of medi-
cal imaging can detect calcification relatively easily.
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Most frequent areas of brain prone to IPC are: pineal
gland (pyramid-shaped gland located at the back of brain
stem just above the superior colliculi) [3], habenula (an epi-
thalamic structure functioning as an important connecting
area) [4], choroid plexuses (vascular plexuses covered by
cuboidal epithelial cells located in ventricles) [2], dura mater
extensions (falx cerebri, tentorium cerebelli (TC), petrocli-
noid ligament [PCL] and etc.) [5], basal ganglia (BG) (located
deep to neocortex involved in motor functions) [6].

Although pathologic calcification is rare, they can be
interpreted as manifestations of certain diseases. These
are: hereditary/developmental diseases (Sturge-Weber syn-
drome, cocaine syndrome, and etc.) [1, 7], maternal/acquired
diseases (cytomegalovirus, neonatal herpes, and etc.) [1, 8],
vascular (atherosclerosis) [1, 9], neoplastic (astrocytoma, me-
dulloblastoma, and etc.) [1, 10], metabolic/endocrine (hypo-/
hyper parathyroid, hypothyroid disorder, and etc.) [1, 8],
inflammatory (lupus erythematous, sarcoidosis, and etc.) [1],
toxic (lead and carbon monoxide toxicity) [1, 11].

Various studies have reported the frequency and location
of IPC [12-16]. In this study we analyzed IPC in different
age groups of normal patients, and reported the frequency,
age and sex dependency, pattern and shape, dimensions and
estimated volume of IPC mainly in four common areas (pi-
neal, habenula, and choroid plexuses of right and left lateral
ventricles) prone to IPC. Since knowing the exact location,
pattern and approximate volume of these calcifications is of
importance to distinguish between physiologic and patho-
logic calcifications, this study was conducted.

Materials and Methods

Patients and computed tomography

This cross-sectional retrospective study was conduct-
ed after institutional review board approval (IR.IUMS.
REC.1399.1288). Brain computed tomography (CT) scans of
216 patients were analyzed retrospectively for one year (2018
to 2019) in medical imaging center of Dr. Shariati Hospital,
Mahdasht, Alborz, Iran. The patients were divided into 9
groups each containing 24 patients: group 1 (1-9 years old),
group 2 (10-19 years old), group 3 (20-29 years old), group 4
(30-39 years old), group 5 (40-49 years old), group 6 (50-59
years old), group 7 (60-69 years old), group 8 (70-79 years
old), group 9 (80-89 years old).

Computer tomography imaging device was Hitachi-Su-
pria 16/32 (Hitachi Medical Systems Europe [Holding] AG,
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Zug, Switzerland) with 51 kW power, 75-cm gantry bore,
180-cm scan range, 5 mega hit unit (MHU) X-ray tube, and
0.675-mm minimum slice thickness.

Before entering the study, medical history of patients were
reviewed and patients with diabetes, previous stroke, and
renal failure were excluded from the study. While acquiring
the CT scans, patients had to stay still in order to avoid mo-
tion artifacts. CT scans from the foramen magnum to vertex
with 5-mm thickness and 5-mm interval were acquired, then
the images were reconstructed with thickness and interval
of 1.25-mm in order to analyze the calcification more accu-
rately.

Areas and patterns of calcification

Common areas investigated for IPC were pineal gland,
habenula, choroid plexuses of lateral ventricles, third and
fourth ventricles, BG, falx cerebri, TC, and PCL. Besides
frequency distribution of calcification in different age
groups, pattern and shape of calcifications were investigated
including nodular (calcifications like nodules with well-
defined margins), punctate (round and small calcifications
with dimensions less than 1 mm), diffuse punctate (multiple
punctate calcifications), coarse conglomerated (calcifications
with ill-defined margins), linear (elongated calcification),
curvilinear (elongated curved calcifications), compound
(calcifications which have different shapes at different sec-
tions), and circular peripheral (circular calcification around
the periphery).

Estimating volume of calcification

AxBxC

Estimated volume = >

Estimated volume of calcification can be measured by this
formula (Fig. 1) [17-19]:

A: maximum anteroposterior length (APL) (mm) of calci-
fication.

B: maximum mediolateral length (MLL) (mm) of calcifi-
cation 90° to A at the same slice.

C: maximum height of the calcification measured by the
number of slices with visible calcification multiplied
by the thickness (1.25 mm) of the CT-scan or a coronal
plane was used.

Note that in order to measure the estimated volume of

calcification, the slice with the biggest cross section is consid-
ered as the reference slice, then other slices are compared to
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the reference slice. Therefore, if one slice contains more than
75% of the calcification of the reference slice, it is considered
1 slice, if it contains 25% to 75% of the calcification of the
reference slice, it is considered 0.5 slice, and if it contains less
than 25% of the reference slice, it is considered 0 slice (Fig. 1).

Statistical analysis
Normal distribution of data was analyzed by Kol-
mogorov-Smirnov test. Normally distributed data of calci-

A
=

B Section 4 and 5 Section 2,3 and 6
(standard sections) (>75% area of standard
sections=1 section)

A Section8
Section 7
Section 6
Section 5
Section 4
Section 3
Section 2
Section 1

Section 7
(25%-75% area of
standard sections=0.5)
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fication dimensions and estimated volume were analyzed
by analysis of variance (ANOVA) and post-hoc Tukey test.
In order to investigate the correlation between two nominal
qualitative variables (e.g., sex and presence of calcification),
chi-squared test was performed, and for analyzing correla-
tion between quantitative variables (e.g. estimated volume
of calcification), linear regression was performed. Analyses
were carried out by SPSS software, version 16 (SPSS Inc.,
Chicago, IL, USA). Data were presented as mean+standard

Fig. 1. (A) A sample of how to calculate

the estimated volume of calcification. A
Section 1 and 8
(<25% area of standard
sections=0 section)

given calcification which can be detected
in 8 slices in a computed tomography
scan. (B) How to calculate the number
of slices of calcification. (C) How
to calculate estimated calcification

2 3

Ca (maximum anteromedial diameter): 5 mm
B (maximum mediolateral diameter): 6 mm
C (maximum height: number of slicesxthickness of
each section): 5.5x1.25=6.87 mm

Number of sectionsl

Table 1. Demographic and calcification rate data

0.5 0

. 3
Estimated volume = % = &26'87 =103.05 mm

volume according to AxBxC/2 for-
mula (for example A=5 mm, B=6 mm,
C [thickness=1.25 mm, number of
slices=5.5] 1.25x5.5=6.87 mm esti-
mated volume: 103.05 mm’).

Sex Calcification
Group (age, yr) Mean age (yr) Yes No
Male Female Male Female Male Female
1(1-9) 6.20+2.87 12 (50.0) 12 (50.0) 6 (25.0) 18 (75.0)
3 3 9 9
2 (10-19) 15.54+2.97 19 (79.2) 5(20.8) 21 (87.5) 3(12.5)
17 4 2 1
3(20-29) 24.54+3.02 15 (62.5) 9(37.5) 23(95.8) 1(4.2)
15 8 0 1
4(30-39) 35.16+3.10 14 (58.3) 10 (41.7) 24 (100) 0
14 10 0 0
5 (40-49) 44.25+3.30 15 (62.5) 9(37.5) 24 (100) 0
15 9 0 0
6 (50-59) 55.25+2.67 16 (66.7) 8(33.3) 24 (100) 0
16 8 0 0
7 (60-69) 64.12+2.80 10 (41.7) 14 (58.3) 24 (100) 0
14 10 0 0
8 (70-79) 73.45+2.73 10 (41.7) 14 (58.3) 24 (100) 0
14 10 0 0
9 (80-89) 83.62+3.03 10 (41.7) 14 (58.3) 24 (100) 0
14 10 0 0
Total = 121 (56.0) 95 (44.0) 194 (89.8) 22(10.2)
110 84 11 11
216 216

Values are presented as mean+SD or number (%). —, not available.

https://doi.org/10.5115/acb.21.137



66  Anat Cell Biol 2022;55:63-71 Mehrdad Ghorbanlou, et al

A BEEPEEHCOPH X RCP [ LCP [ FC Il PCL Il TC Il 3rd V I 4th V Il BG
607
&
S 50~
o
S}
S 40
<
)
£ 30
©
<
[0}
< 201
3]
©
)
£ 10 A
()
o

0-

Total location of calcification (%) ©J

P H PH RCP LCP FC PCL TC 3rdV 4thV  BG

@

Fig. 2. (A) Percent of IPC in each area in each group. (B) Total location of IPC (percent). (C) Corresponding brain computed tomography
images of various IPC patterns (A: nodular [dimensions 21 mm]; B: punctate [dimensions <1 mm]; C: diffuse punctate [multiple punctate
calcifications]; D: linear; E: coarse conglomerated; F: curvilinear; G: circular peripheral; H: compound [pineohabenular calcification]). Arrow
shows the calcification. (D) Percent of patterns of calcification in four common IPC areas. (E) Total pattern of calcification. IPC, intracranial
physiologic calcification; P, pineal; H, habenula; PH, pineohabenula; RCP, right choroid plexus; LCP, left choroid plexus; FC, falx cerebri; PCL,
petroclinoid ligament; TC, tentorium cerebelli; V, ventricle; BG, basal ganglia.
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Fig. 2. Continued.

error of mean (SEM), and P<0.05 was considered statistically
significant.

Results

Demographic data

Among 216 patients entered the study, 56% (n=126)
was male and 44% (n=95) was female. Distribution of age
(mean+SEM) and sex in groups were as follows: group 1
(6.20+2.87; 50.0% male [M], 50.0% female [F]), group 2
(15.54+2.97; 79.2% M, 20.8% F), group 3 (24.54+3.02; 62.5%
M, 37.5% F), group 4 (35.16%3.10; 58.3% M, 41.7% F), group 5
(44.25%3.30; 62.5% M, 37.5% F), group 6 (55.25+2.67; 66.7%
M, 33.3% F), group 7 (64.12+2.80; 41.7% M, 58.3% F), group
8 (73.45+2.73; 41.7% M, 58.3% F), group 9 (83.62+3.03, 41.7%
M, 58.3% F) (Table 1).

Location and pattern of calcification

Generally, IPC was detected, in at least one area, in 89.8%
(n=194) of the population leaving only 10.2% (n=22) non-
calcified. Detailed rate of calcification in each area in each
group is indicated in Fig. 2A. Location of IPC was as follows:
pineal (75.0%), habenula (36.4%), pineohabenula (15.0%),
right lateral ventricle choroid plexus (RCP) (67.7%), left later-
al ventricle choroid plexus (LCP) (62.7%), falx cerebri (26.8%),
PCL (13.2%), TC (6.8%), 3rd ventricle choroid plexus (0.9%),
4th ventricle choroid plexus (2.7%), and BG (0.9%) (Fig. 2B).

Patterns of calcification were defined in four common
IPC areas including pineal, habenula, RCP, and LCP in de-
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Total pattern of calcification (%)
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‘ 47.9 [ Compound
1.5 [ Circular peripheral
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tail (Fig. 2D). In general, pattern of calcifications were 47.9%
nodular, 19.3% coarse conglomerated, 11.5% diffuse punc-
tate, 10.6% punctate, 5.9% compound, 1.8% circular periph-
eral, 1.6% linear, and 1.3% curvilinear (Fig. 2C, E).

Dimensions and estimated volume of intracranial
physiologic calcification

Pineal gland

APL, MLL, approximate height (AH) (mean [mm]+SEM),
and estimated volume (EV) (mean [mm’]+SEM) of pineal
calcification in groups were measured and no significant dif-
ference was detected between groups in APL; MLL in group
8 (4.56+0.42) was significantly higher than MLL in group 2
(2.78%0.25) (P<0.05); differences between groups in AH were
not significant; and EV in group 8 (35.86+1.83) was signifi-
cantly higher than EV in group 2 (7.43+1.1) (P<0.05) (Table 2,
Fig. 3A).

Habenula

Significant increase in APL was detected in group 2
(3.5£0.66) and 6 (3.16+0.22) compared to group 9 (2.01+0.24)
(P<0.05); MLL in group 8 (4.22+0.6) and 5 (3.97+0.37)
was significantly higher than MLL in group 9 (2.05+0.14)
(P<0.05); AH showed no significant difference between
groups; and no significant difference was detected between
groups in EV, as well (Table 2, Fig. 3B).
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5.46+0.51
4.49+0.49

4.53+0.36
3.44+0.28

7.32£0.97
6.06+0.73

5.52+0.69
5.44+0.65
4.99+0.82

4.94+0.44
3.68+0.33
3.63+0.2

6.36+0.64
6.13+0.63

2.06+0.22
2.43+0.21
1.64+0.2

2.85+0.35 3.16+0.22 3.56+0.35
2.72+0.21

2.81+0.28

3.85+0.25
3.88+0.4
4.56+0.42

4.32+0.41
4.41+0.32
4.25+0.36

6 (50-59)

3.13+£0.29
4.22+0.6

7 (60-69)

5+0.86
5.46+0.53

4.6+0.59

3.57+0.32

5.47+0.87
6.06+0.67

4.6+0.52
5.43+0.36

3.07+0.26
2.01+0.24

3.31+0.31
2.67+0.12

8 (70-79)

5.31+0.55

3.55+0.28

2.7+0.59

2.05+0.14

3.29+0.21 3.18+0.24

9 (80-89)
Values are presented as mean+SEM. RCP, right choroid plexus; LCP, left choroid plexus; APL, anteroposterior length; MLL, mediolateral length; H, height; -, not available.
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Right lateral ventricle choroid plexus

APL in groups 3 (5.94+0.55), 4 (5.5£0.48), 5 (4.9£0.31),
6 (6.36£0.64), 7 (6.13£0.63), 9 (5.43+0.36) was signifi-
cantly higher than group 2 (1.42+0.1). MLL in groups 4
(4.29+0.44) and 6 (4.94+0.44) was higher than group 2
(1.6£0.3) (P<0.05). AH was significantly higher in group 6
(5.5240.69), and group 7 (5.44+0.65) compared to group 2
(1.56+0.31) (P<0.05). EV was significantly higher in group
6 (84.88+10.87) compared to group 2 (1.82+0.45) (P<0.05)
(Table 2, Fig. 3C).

Left lateral ventricle choroid plexus

No significant difference was detected between groups for
APL. MLL was significantly higher in group 6 (4.53£0.36),
and 8 (4.6+0.59) compared to group 2 (1.5+0.25). AH was
not significantly different between groups. EV in group
6 (90.85+12.93) was significantly higher than group 2
(5.02+2.2) (Table 2, Fig. 3C).

Correlation studies

There is no correlation between pineal, habenula, falx
cerebri, PCL, and TC calcification and sex, but RCP and LCP
calcification is correlated to sex and their incidence is much
higher in male than female (P<0.05). Chi square test showed
a significant correlation between the presence of calcification
in pineal gland, habenula, RCP and LCP (P<0.001).

Although in general, the incidence of calcification is in-
creased by age, the presence and estimated volume of calcifi-
cation were not significantly correlated with age.

There were no significant correlation between the esti-
mated volume of calcification of pineal gland, habenula, RCP
and LCP. Although the estimated volume of calcification in
RCP and LCP were significantly correlated (P<0.001).

Discussion

This study showed that IPC occurred in 89.8% of patients
and only 10.2% of patients did not have ICP - all the patients
in groups 4-9 had at least one area of ICP, but there were
some patients without calcification in groups 1-3. Although
it is probably an age-related process [1], ICP presence did not
show a significant difference in patients higher than 19 years
old.

Pineal calcification mechanism is not clearly understood,
but some hypotheses have been provided. One of them is
the age-related calcification within the connective tissue of
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Fig. 3. (A) Estimated volume of pineal gland calcification. (B) Estimated volume of habenula calcification. (C) Estimated volume of RCP (blue
boxes) and LCP calcification (black boxes). *P<0.05 vs. group 2; “P<0.05 vs. group 2. Data are reported as boxes with error bars indicating

mean+SEM, and various circles in each column indicate individual data points. RCP, right choroid plexus; LCP, left choroid plexus.

the gland [20]. The other is that the high vascular supply to
pineal gland makes it a vulnerable organ for calcification
because of chronic vascular inflammation which causes the
mesenchymal stem cells (MSCs) migration or proliferation
due to increased levels of cytokines and the interaction be-
tween MSCs and inflammatory mediators activates them for
osteogenic differentiation [21, 22]. Pineal calcification had
been the focus of several studies [13, 23], since melatonin as
the most important substance secreted by pineal gland can
be affected by the process of calcification. Pineal gland calci-
fication and decreased levels of melatonin can be considered
as stroke risk factors [23] and is associated with schizophren-
ic patients [24]. In this study, pineal calcification rate was
75% and it had a nodular shape in 63% of cases. Other stud-
ies showed similar frequency of pineal calcification which
were as follows: 71% [12], 71.6% [16], 67% [13], 67.7% [25].
Dimension and estimated volume of pineal gland calcifica-
tion showed an age-related relationship which were highest

in group 8.

Habenula, RCP and LCP calcification frequency in this
study were 36.4%, 67.7%, and 62.7%, respectively. Nodular
shape of calcification was the most prominent pattern of cal-
cification in these areas. Frequency of habenula calcification
was reported in other studies as 20.1% [12] and 19.2% [16]. As
habenula is closely related to limbic system, its calcification
had shown higher levels in schizophrenic patients [24]. Cho-
roid plexuses because of their vascular structure are prone to
calcification, as well. Their calcification was also reported as
66.2% [12] and 70.2% [16]. Dimensions and estimated volume
of habenula did not show an age-related pattern since it was
the highest in groups 2 and 3, although the differences were
not significant among groups. RCP and LCP calcification
dimensions and estimated volume showed an age-related
pattern and was significantly increased in group 6 compared
to group 2.

Correlation studies in our investigation showed no signif-
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icant correlation between sex and pineal, habenula, falx cere-
bri, PCL and TC calcification. Although calcification of RCP
and LCP showed significant male dominance. Other studies
have reported a male dominance of IPCs [12, 14, 16]. There is
a significant correlation between the presence of pineal calci-
fication and habenula, RCP and LCP calcification (P<0.001)
but there were no significant correlation between the size of
pineal calcification and habenula, RCP and LCP calcifica-
tion. Although it is reported that physiologic calcification is
increased with age [12, 15], there was no significant correla-
tion between age and presence and volume of calcification.

Presence of pineal and habenula calcification in children
under 10 years old was previously reported [26], in our study
calcification of pineal, RCP and LCP and falx cerebri in
children under 10 was reported as 16.66%, 8.33%, and 4.16%
respectively. Patients more than 80 years old did not show
higher physiologic calcifications [15, 25], in our study no in-
creased calcification was evident in this age group, as well.

This study investigated the IPC in different age groups.
Since the accurate description of radiologic appearance of
IPCs (location, shape, and size) accompanied with age and
clinical manifestation is of great importance in diagnosis
and distinguishing from pathologic calcification, this study
was required. In addition calcification of pineal as the secre-
tor of melatonin, and habenula as an important connection
in limbic system are of essential importance, thus current
study provides major data on the frequency, location, shape,
dimensions, and estimated volume of calcification in these
region in normal patients.
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