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ABSTRACT
This is a descriptive study that measure the thickness of parietal bone in Thai adult cadavers and
find out its correlation to three-dimensional CT scan. A total of 65 (male 34 and female 31) cadaveric skulls

were used in this study. The calvarial thickness is measured in 9 points on each parietal area of skull by .

Depth micrometer series 128-101 (Mitutoyo Corporation, Kanagawa, Japan). The three-dimensional CT scans
were made on a GE lightspeed VCT 64 scanner (General Electrics Medical System, Milwaukee, Wisconsin).
Mean thickness of all parietal bones was 6.68 + 1.94 mm (0.84-15.59 mm). At point 5, mean thickness
measured by micrometer was 7.13 + 2.28 mm and 7.00 £ 2.22 mm with three-dimensional CT scan, respec-
tively. Mean difference was 0.13 mm that statistically significant (o-vatue < 0.07) but the upper limit of 95%
confidence interval of all difference was only 0.28 mm that not clinically significant. The relationship between
the two measurement modalities could had equation of relationship as micrometer = 0.025 + 1.025 (3D-CT).
The study concluded that agreement between the micrometer and three-dimensional CT measurements was

acceptable.
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Background

The skull is a frequent site of bone graft
hérvest in reconstructive plastic surgery."'? The
superiority of this site over other donor sites has been
documented both clinically and experimentally.'-48-10
It is easily accessed during craniofacial reconstruc-
tion and because of its proximity to the surgical
field, large amounts of bone can be harvested at one
sitting ; also, the donor site is relatively painless.'3
Because of its dense cortical structure, it undergoes

less resorption than other bone graft sites and the

morbidity related to cranial bone graft harvest repor-
ted in the literature is very low.46910.1213 Ajthough
complications are infrequent, these complications can
be significant. Serious neurologic sequelae after skull
bone harvest have been reported.5 1416

Therefore, a detailed knowledge of skull
thickness, its variability from patient to patient and
from location to location and its variation among
various ethnic groups are of import to the operating
surgeon. From this information, it is possible that

bone graft harvest complications might be reduced.
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As early as 1882, Anderson'’ reported on
calvarial bone thickness in 154 Irish cadavers which
was followed by a report by Todd' in 1924 with
an account on 448 adult white males. Thereafter,
Roche' and Adeloye?® studied the regional thic-
kness of the calvaria and the thickness differences
according to age, sex and race using skull roent-
genography. Pensler & McCarthy?' and Sullivan &
Smith?? reported upon an anatomical study of

regional thickness in cadavers but the measurement

‘ points were limited. A recent study of parietal bone

thickness by Koenig et al.?® was performed by CT
scan. However, anatomical reports upon calvarial
bone graft in Asians are very rare.

There are some studies from Japan?* and
Korea®>?” report about calvarial bone thickness
but no studies in Asians that correlated between
direct measurement of calvarial thickness and three-
dimensional CT scan.

The best donor site has been believed to be
2 cm posterior to the coronal suture in the parietal
bone?® and the area lateral to the sagittal sinus,
which is at least 1.5 cm lateral from the sagittal suture
on either side to avoid potential injury to the sagittal
sinus.?®

This is the descriptive study that undertaken
to measure the thickness of parietal bone as a
potential calvarial donor site in Thai adult cadavers
as a guide to harvesting calvarial bone and find out

its correlation to three-dimensional CT scan.

Materials and Methods
Inclusion criteria : Adult cadaveric skulls

(more than 20 years) in.the Department of Anatomy,

Siriraj Hospital.

Exclusion criteria : Adult cadaver who the
cause of death is correlated to head injury or has
skull defect.

Measurement methods : Parietal bone was
chosen as the focus of this study because the pos-
terior part of the parietal bone is the most preferred
cranial bone-graft donor site. A total of 65 (male 34
and female 31) cadaveric skulls were used in this
study.

The calvarial thickness is measured in 9
points on each parietal area of skull (9 points on right
parietal area and 9 points on left parietal area).

9 points on each parietal area are located at the
intersection of the longitudinal and transverse lines
described below (Fig. 1)

e The sagittal suture was outlined as the
midline from which all longitudinal (anteroposterior)
lines were defined.

e Longitudinal lines were outlined parallel
to and at 1.5, 4.5, 7.5 cm intervals from the midline
(L1, L2, L3 at 1.5 cm, L4, L5, L6 at 4.5 cm, L7, L8,
L9 at 7.5 cm on the left side from the midline and
R1, R2, R3 at 1.5 cm, R4, R5, R6 at 4.5 cm, R7, RS,
R9 at 7.5 cm on the right side from the midline).

e Transverse lines were determined using
the coronal sutures as landmarks and 2.0, 6.0,
10.0 cm intervals from the coronal sutures (L1, L4,
L7 at 2.0 cm, L2, L5, L8 at 6.0 cm, L3, L6, L9 at
10.0 cm on the left side and R1, R4, R7 at 2.0 cm,
R2, R5, R8 at 6.0 cm, R3, R6, R9 at 10.0 cm on the
right side).

The thickness was measured and recorded

in the unit of mm by Depth micrometer series 128-
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Fig.1 The points at which cranial thickness was measured were determined in 9 points for each side of the

skulls.

101 (Mitutoyo Corporation, Kanagawa, Japan).

Three-dimensional CT scan : The scans
were made on a GE lightspeed VCT 64 scanner
(General Electrics Medical System, Milwaukee,
Wisconsin). Direct coronal 0.625 mm thick sections
were obtained in all parietal bones with this multislice
detector CT scanner. Slice thickness was deter-
mined as 0.625 mm at 120 kV and 150 mA ; the
field of view was 380 mm. Measurements were done
on the three dimensibnal reconstruction images
on the computer screen by the Volume Viewer Plus
Voxtool 5.8.0 software at L5 and R5 points and
recorded in unit of mm (Fig. 2A-2F).

Statistical methods : In order to see how well
the micrometer and CT measurements agreed,

differences between two methods (Micrometer - CT)

were plotted against the average of the two mea-
surements and 95% confidence interval (Cl) were
calculated. For a method comparison study, mean +
SD was taken as a 95% confidence interval for indiv-
iduals. This range of values was defined as the 95%
confidence interval. The agreement between the
micrometer and CT measurements was assessed
by using the intraclass correlation and Bland &
Altman approach.®® The equation of relationship was
used in regression analysis. The software that used
to calculate in this study was nQuery Advisor (ver-
sion 3.0), SPSS (version 10.0), MedCalc (trial ver-

sion) software.

Results

The demographic data was shown in table 1.
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Fig. 2A-2F : (A) The three dimensional reconstruction image ; (B) The image was cut by using the Volume
Viewer Plus Voxtool 5.8.0 software ; (C) The image after cut the posterior part ; (D) The image
was rotated around transverse Axis ; (E) The image was magnified and ready for measurement ;

(F) The thickness was measured at L5 and R5 points.
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Table 1 The demographic data of the mean age

Age (years)

Sex n (skulls) Mean = SD

Female n=31 67.7+15.7

Male n=34 67.9+14.2
Total n= 65 p-value = 0.96

There were totally 65 skulls in this study
divided as 31 skulls in the female group and 34
skulls in the male group.

The mean age of the female and male group

was 67.7 £ 15.7 and 67.9 + 14.2 years respectively,

that was not statistically significant (p-value = 0.96).

The calvarial thickness measured by micrometer :

The mean thickness of the parietal bone at
L1-9 and R1-9 measured by micrometer were shown
in table 2.

The mean thickness of the parietal bone was
6.68 + 1.94 mm.

The thickness of the parietal bone varied from
0.84 mm to 15.59 mm.

The mean thinnest part of the both parietal
bones was point 1 (mean thickness 5.79 + 1.73 mm).

The mean thickest part of the both parietal
bones was point 2 (mean thickness 7.40 + 2.11 mm).

The difference and correlation of the left side

and the right side were shown in table 3.

Table 2 The calvarial thickness measured by micrometer (the left side, the right side and total)

Left (n = 65) Right (n = 65) Total (n =130)

Mean  SD Min - Max Mean = SD Min - Max Mean % SD Min - Max
1 5.87+1.81 2.60 - 10.40 5.70 £ 1.65 0.84 - 9.65 579+1.73 0.84 -10.40
.2 739+220 | 3.37-13.62 7.41£2.05 3.72-13.25 7.40 +£2.11 3.37-13.25
3 7.51 +1.66 4.01 - 12.64 7.22+1.69 3.86-13.76 7.36 +£1.67 3.86-13.76
4 6.45+1.79 3.21-12.56 6.51+1.70 3.86-10.93 6.48 +1.74 3.21-12.56
5 7.15+£2.41 3.23-13.58 7.04+2.18 3.05-12.92 7.10+2.29 3.05-13.58
6 7.13+£2.38 3.68 - 15.59 6.96+2.13 3.50-1542 7.04+225 3.50-15.59
7 598 +1.59 2.66 - 11.08 6.20+1.59 3.37-10.40 6.09 +1.59 2.66-11.08
8 6.61 £2.35 2.25-13.40 6.45+£2.08 2.89-13.38 6.53+2.21 2.25-13.40
9 6.39 £2.04 2.30-11.97 6.36 +1.75 298 -11.67 6.37+1.90 2.30-11.67
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Table 3 The difference and correlation of calvarial thickness measured by micrometer on the left side and

the right side

Left (n =65) | Right (n=65) Difference (Lt - Rt) Correlation (Lt & Rt)
Mean+SD | Mean+SD Mean 95% CI p-value r p-value
(mm) (mm) Difference of Difference (Pearson
(mm) correlation)

1 5.87+1.81 5.70 + 1.65 0.17 -0.08, 0.42 p=017 0.84 p<0.01
2 7.39 £2.20 7.41 £2.05 -0.02 -0.28, 0.25 p=091 0.87 p<0.01
3 7.51 £ 1.66 7.22+1.69 0.29 0.09, 0.48 p<0.01 0.89 p<001]
4 6.45+£1.79 6.51 +1.70 -0.06 -0.25,0.14 p=057 0.90 p<001
5 7.15+241 7.04+2.18 0.1 -0.15,0.36 p=040 091 p<0.01
6 7.13+£2.38 6.96 +£2.13 0.17 -0.03, 0.37 p=010 0.94 p<001
7 5.98+1.59 6.20£1.59 -0.22 -0.43,-0.02 p<0.01 0.87 p<0.01
8 6.61 £2.35 6.45 +2.08 0.16 -0.10, 0.43 p=022 0.90 p<0.01
9 6.39+2.04 6.36+1.75 0.03 -0.17,0.23 p=076 0.92 p<0.01

The almost difference of the left and right
calvarial thickness was not statistically significant
(p-value > 0.05), except at point 3 and 7 that were
statistically significant (p-value < 0.07) but the upper
limit of 95% confidence interval of all difference was
only 0.48 mm that not clinically significant.

There were correlation between calvarial
thickness of the left side and the right side statis-
tically significant (p-value < 0.01) at all points of L1-9
and R1-9.

The thickness of the parietal bone divided by
gender was shown in table 4.

The mean thickness of the parietal bone was
6.68 £ 1.94 mm.

The thickness of the parietal bone in the

female group varied from 0.84 mm to 15.59 mm.

The mean thinnest part in the female group
was R1 (mean thickness 6.01 £ 1.83 mm).

The mean thickest part in the female group
was L2 (mean thickness 8.40 + 2.20 mm).

The thickness of the parietal bone in the male
group varied from 2.60 mm to 11.05 mm.

The mean thinnest part in the male group was
L7 (mean thickness 5.30 = 1.29 mm).
’ The mean thickest part in the male group was
L3 (mean thickness 7.11 + 1.56 mm).

The thickness of the parietal bone in the both
groups varied from 0.84 mm to 15.59 mm.

The mean thinnest part in the both groups was
R1 (mean thickness 5.70 + 1.65 mm).




anudiuiszrinamumnvesnzTnanasuziialagnse
Y A v v A L | =) an
aunsesiaduiialasmwaeisdvesnsTnandsurauiin

NFMsunmdivn 6-7

0 27 afivii 4 gaan-Fuaan 2551 1178

Table 4 The calvarial thickness measured by micrometer (female, male and total)

Female (n =31) Male (n = 34) Total (n = 65)

Mean + SD Min - Max Mean £ SD Min - Max Mean + SD Min - Max
L1 6.33+£2.06 | 3.04-10.40 545+1.45 | 2.60 - 9.06 | 5.87+1.81 2.60-10.40
L2 840£220 | 5.27-13.62 648177 | 3.37 - 9.82 | 7.39+220 | 3.37-13.62
L3 794+1.67 | 5.55-12.64 711+£1.56 | 4.01-10.05 | 7.51+1.66 | 4.01-12.64
L4 7.19+1.86 | 4.69-12.56 578+1.44 | 321-1033 | 6.45+1.79 | 3.21-12.56
L5 8.30+255 | 5.23-13.58 6.10+1.72 | 3.23-11.41 | 7.15+£241 3.23-13.58
L6 828+255 | 4.74-15.59 6.08+1.64 | 3.68-1093 | 7.13+238 | 3.68-15.59
L7 6.72+1.58 | 4.43-11.08 530+£1.29 | 2.66 - 9.57 | 598+1.59 | 2.66-11.08
L8 7.80+2.40 | 4.39-13.40 553+£1.72 | 2.25-1034 | 6.61+235 | 2.25-13.40
L9 737+2.07 | 426-11.97 549+1.57 | 230-11.05 | 6.39+2.04 | 2.30-11.97
R1 6.01+1.83 | 0.84 - 9.65 542+1.44 | 2.83 - 8.86 | 5.70+1.65 0.84 - 9.65
R2 8.15+2.11 | 4.53-13.25 6.73+£1.76 | 3.72 - 9.83 | 7.41+£2.05 3.72-13.25
R3 773+£193 | 4.42-13.76 6.75+1.29 | 3.86 - 899 | 7.22+1.69 | 3.86-13.76
R4 7.04+£1.71 | 4.27-1093 6.02+1.56 | 3.86-10.08 | 6.51+1.70 | 3.86-10.93
R5 7.88+239 | 4.52-12.92 6.28+1.67 | 3.05 - 9.89 | 7.04+2.18 3.05-12.92
R6 782+244 | 423-1542 6.17+1.43 | 3.50 - 9.94 | 6.96+2.13 3.50-15.42
R7 695+1.51 | 4.82-10.40 5.52+1.35 | 337 -9.66 | 620+1.59 | 3.37-10.40
RS 733£227 | 4.17-13.38 5.65+1.50 | 2.89-10.08 | 6.45+2.08 | 2.89-13.38
R9 7.03+1.87 | 4.20-11.67 5.74+£139 | 298-10.14 | 636175 | 2.98-11.67

The mean thickest part in the both groups
was L3 (mean thickness 7.51 £ 1.66 mm).

The difference between the left and right
calvarial thickness in the female and male groups
was shown in table 5.

The mean difference of the parietal bone
between the female and male groups was statistically
significant at almost points (p-value < 0.05), except at
point 1 that the mean difference was not statistically
significant (p-valve > 0.05).

The correlation between age and calvarial

thickness was shown in table 6.

There was no stétistically correlated between
age and thickness when compared in the female
group nor the male group, even in the both groups
(p-value > 0.05).

The calvarial thickness measured by mic-
rometer and three-dimensional CT scan :

The descriptive statistics for difference in two
methods was shown in table 7.

The mean thickness measured by micrometer

at point 5 (n = 130) was measured as 7.13 + 2.28 mm
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Table 5 The difference of calvarial thickness measured by micrometer in female and male

Mean £ SD (mm) Mean 95% CI
difference of p-value
Female (n =31) Male (n =34) (mm) difference

L1 6.33+2.06 545+ 145 0.87 0.01, 1.75 p=0.06
L2 8.40+2.20 6.48 +1.77 1.92 0.94,2.91 p<0.01
L3 7.94 +1.67 7.11+£1.56 0.83 0.03, 1.63 p=004
L4 7.19+ 1.86 578+ 1.44 141 0.58,2.23 p<0.01
LS 8.30+£2.55 6.10+1.72 220 1.13,3.57 p<00!1
L6 8.28 £2.55 6.08 + 1.64 2.21 1.13,3.26 p<00!
L7 6.72+1.58 5.30+1.29 141 0.70, 2.13 p<001
L8 7.80 £2.40 5.53+1.72 227 1.24,3.29 p<0.01
L 7.37+£2.07 549+ 1.57 1.89 0.98, 2.79 p<0.01
R1 6.01 +1.83 542+ 144 0.59 0.22, 1.40 p=0.15
RrR2 8.15+2.11 6.73+1.76 1.42 0.49, 2.38 ' p<0.01
R3 7.73+1.93 6.75+1.29 0.98 0.18, 1.79 p=0.02
R4 7.04£1.71 6.02 = 1.56 1.02 0.21,1.83 p=0.01
RS 7.88 +£2.39 6.28 = 1.67 1.60 0.56, 2.63 p<0.01
R6 7.82+2.44 6.17+1.43 1.65 0.64, 2.66 p<o0.01
R7 6.95 £ 1.51 5.52+1.35 143 0.72,2.14 p<0.01
R8 7.33+2.27 5.65+1.50 1.68 0.71, 2.65 p<0.01
R9 7.03 +£1.87 5.74 £ 1.39 1.30 0.48,2.11 p<0.01

Table 6 The correlation coeffcient (r) between age and calvarial thickness divided by gender and not divided

by gender
Female (n =31) Male (n = 34) Total (n = 65)
r (age & thickness) | p-value r (age & thickness) p-value r (age & thickness) p-value
L1 -0.04 0.84 -0.21 0.24 -0.10 041
L2 0.11 0.55 -0.01 0.98 0.05 0.69
L3 -0.06 0.73 -0.03 0.88 -0.05 0.71
L4 -0.09 0.64 0.04 0.80 -0.03 0.81
L5 0.02 091 0.06 0.74 0.03 0.82
L6 -0.04 0.84 0.01 0.98 -0.02 0.86
L7 -0.14 0.45 0.23 0.18 0.02 0.86
L8 -0.10 0.58 0.14 0.44 -0.01 0.97
L9 0.07 0.72 0.17 0.35 0.09 0.46
R1 -0.06 0.73 -0.11 0.52 -0.09 0.50
R2 0.11 0.55 0.03 0.85 0.07 0.59
R3 -0.21 0.27 0.04 0.81 -0.10 0.42
R4 -0.01 0.95 0.03 0.89 <0.01 0.98
RS -0.01 0.95 0.06 0.75 0.01 0.92
R6 -0.16 0.38 -0.04 0.81 -0.11 0.39
R7 -0.01 0.94 0.20 0.26 0.07 0.56
RS -0.04 0.84 0.01 0.97 -0.02 0.87
R9 -0.03 0.88 -0.03 0.89 -0.03 0.83
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Table 7 The calvarial thickness measured by micrometer vs 3D-CT at point 5 (L5 & R5)

Mean+SD | Mean+SD Mean 95% CI P-value
micrometer 3D-CT difference | of difference
(mm) (mm) (mm)
LS 722+2.38 7.03+£2.33 0.19 0.10,0.28 <0.01
(n=65) (3.23-13.58) | (2.70 - 13.40)
RS 7.04+2.18 6.97+2.12 0.07 0.01,0.14 0.031
(n=65) (3.05-12.92) | (3.00-12.80)
LS & R5 7.13+2.28 7.00£2.22 0.13 0.08,0.19 <0.01
(n=130) (3.05-13.58) | (2.70 - 13.40)
%1 1cC = 0.99,P < 0.001 o
134 l‘
- . - PY ' [ ]
124 Micrometer = 0.025 + 1.025 (3D-CT) o
11: * "'
0] R2=98.0% oy do
94 v
5 o - &
g 74 A‘
g 1
£ 6
54 o8 ()
41 o*
3: ""
24 ",“
19 S
01"
0 1 2 3 4 5 6 7 8 8 10 1 12 B M

R? = Coefficient of determination, ICC = Intraclass correlation‘ coefficient

Fig. 3 The relationship between micrometer and 3D-CT
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AVERAGE of micrometer and 3D-CT

Fig. 4 The difference between two methods (micrometer - 3D-CT) were plotted against the average of the two

measurements

with the micrometer and as 7.00 £ 2.22 mm with
3D-CT. The mean difference was 0.13 mm that
statistically significant (p-value < 0.07) but the upper
limit of 95% confidence interval of all difference was
only 0.28 mm that not clinically significant.

The relationship between the calvarial thick-
ness that measured by micrometer and threedim-
ensional CT scan was shown in fig. 3.

The intraclass correlation coefficient (ICC)
supported an extremely strong agreement between
the two measurement modalities (ICC = 0.98,
p-value < 0.007).

The relationship between the two measure-
ment modalities could plotted as the graph in fig. 3
and had the equation of relationship as micrometer
= 0.025 + 1.025 (3D-CT), when the coefficient of

determination (R? = 98.0%) indicated an excellent fit.

The difference of the calvarial thickness
between two methods (micrometer - 3D-CT) were
plotted against the average of the two measurements
in the fig. 4.

For measurements at L5 and R5 points, a
95% range of agreement was -0.50 to 0.77 (0.13 £ 2
x 0.64). One hundred and twenty-three of 130
measurements (94.62%) at L5 and R5 (micrometer -
3D-CT) were within the 95% limits of agreement.
In conclusion, the agreement between the micro-
meter and three-dimensional CT measurements was

acceptable.

Discussion

Cranial bone is used in facial aesthetic sur-
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gery. Fortunately, there have not been any intracranial
complications reported during the use of cranial bone
in aesthetic surgery. However, it may lead to severe
intracranial complications, such as dural tears or
epidural hematomas.® These complications may not
be tolerable in aesthetic surgery, for either the pati-
ents or the surgeons. Therefore, aesthetic surgeons
should do their best to minimize the risk of intracranial
complications. There are few surgical anatomical
studies on cranial bone thickness.?"?® The existing
studies report that the posterior parietal area is the
thickest part of the cranium and it has been preferred
as a bone-graft donor site. However, these anatomic
observations can not be interpolated to all patients.
Patients may sometimes have variations in cranial-
bone thickness, such as a thin cranial bone with an
absence of the diplopic space. In these cases, intrac-
ranial complications may be inevitable. Cranial donor
areas have been investigated with magnetic res-
onance imaging during the postoperative period,'?
but preoperative evaluations have generally been
neglected. Hence, the author performed a study to
measure the calvarial thickness at the right and left
parietal areas in Thai adult cadavers and assess its
correlation to three-dimensional CT for the measure-
ment of actual cranial thickness. The study proved
that three-dimensional CT investigation of the cranial
vault can be a useful method and can be carried out

before bone-graft harvesting.
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