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Abstract:In anthropological studies, craniometry is an important means of obtaining human skull
dimensional information and other characteristics. Recent technological advances have resulted in
computed tomography (CT) and three-dimensional (3D) reconstruction technologies that offer great
advantages to craniometry specialists by facilitating both the collection of repeated measurements
and analysis of inner structures without destroying specimens. However, the influence of 3D
reconstruction precision based on dry skull measurements is unclear. Mimics, one of several
commonly used 3D reconstruction software packages, provides users with the choice to select
from four quality settings during the 3D model reconstruction process: low, medium, high, and
optimal quality. Ultimately, lower quality corresponds with a smaller file size and faster modeling
computing speed. In this study, four models were generated from a single skull using each of the
four quality settings. Measurements were made of the parietal sagittal chord, cranial horizontal
circumference, cranial surface area, cranial capacity, mastoid cell system surface area, and mastoid
cell system volume of 43 reconstructed Yunnan modern human cranial specimens modeled using
Mimics based on various quality settings. According to matrix simplification rules of Mimics 3D
reconstruction, unsimplified optimal quality models were chosen as the standard for paired t-tests
or non-parametric tests followed by calculation of the proportion of measurement difference
(expressed as a percentage). The results indicated that the high-quality modeling group, including
sagittal chord of parietal bone and mastoid cell system surface area measurements, exhibited no
difference in optimal quality. Conversely, measurement data of the other six typical characteristics
used to generate simplified quality models significantly differed from optimal quality model data.
Notably, measurement differences between simplified and optimal quality models of sagittal chord,
cranial horizontal circumference, surface area of cranium, and cranial capacity were below 3%,
while absolute values of measurement differences between low and optimal quality measurements
of mastoid cell system surface area and volume exceeded 50% and 120%, respectively. These
results suggest that low-quality 3D reconstruction models can be useful for measurements of large-
scale morphological features with smooth surfaces. As for small-scale morphological features
with rough surfaces, such as the internal cavity sinus of the skull, three-dimensional reconstruction

quality parameters must be selected very carefully.
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Fig.1 The measuring method of cranial horizontal circumference (A) and surface area of cranium (B) of 3D
reconstruction model of skull in software
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Tab.2 Measuring data in different qualities(average+SD)

fEAESE s R =i 14 R A R
Ti IR 3% 4K (mm) 110.52+6.25 110.25+6.32 110.19+6.34 110.09+6.33
150 K (mm) 504.98+15.23 505.64+15.34 507.19+15.20 509.63+15.20
3k 76 #B 1A (cm”) 564.30+32.44 564.73+32.08 566.73+£31.54 567.77£31.92
FLIN R (em?) 37.94£15.43 51.10£23.76 58.83+29.09 60.03+31.15
Ji 2% B (em?’) 1319.92+110.65 1303.99+109.80 1298.724109.34 1293.11£109.22
LGN G R (em’) 5.68+3.13 4.60+£2.72 4.11+2.49 3.61+2.25
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Fig. 2 Box-plot of cranial sagittal chord (A), cranial horizontal circumference (B), cranium area (C),
cranial capacity (D) in different reconstructing qualities
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Fig. 3 Box-plot of surface area (E) and volume (F) of mastoid cells in different reconstructing qualities

&3 K. B SHBEESREBENSLEREN t 118 FAHKXFA Wilcoxon FFSHIGK p B
Tab.3 P-value of paring t-test or related samples Wilcoxon signed rank test between simplified and optimal
reconstructing qualities

TERG 2 HHoRG FekE BE

TiA JIR LK 0.000° 0.000" 0.024
P A 0.000" 0.000" 0.000"

S TR A 0.000 0.000" 0.002°
fiA 0.000° 0.000" 0.000"
LGN R RY 0.000° 0.000" 0.324
I AT 0.000" 0.000" 0.000°

# TR 2R, LR EFRE BRI 4R A % B AR Wilcoxon /85 Frib B p 1

i T Z A B HATFAT I, #EAT Bonferroni X IEJE, p (H/NT 0.0167 X % F

x4 K P SHESKEBENESRNNVEZRAT

Tab.4 Measurement difference proportion of different reconstructing qualities

K E RS RS
¥l H/ME ¥l He/ME ¥l F/ME
FrifEZSD IZPN: ] FRUEZESD BARME FrifEZESD BRME
R 0.404% -0.285% 0.151% -0.110% 0.092% -0.042%
N
" 0.400% 1.973% 0.135% 0.535% 0.192% 1.057%
—_— -0.911% -2.486% -0.783% -2.209% -0.479% -1.655%
GRS
S 0.843% 0.268% 0.726% 0.336% 0.536% 0.187%
F— -0.616% -2.671% -0.534% -1.781% -0.181% -1.133%
R 0.820% 0.438% 0.463% 0.096% 0.289% 0.349%
. 2.079% 1.942% 0.776% 0.437% 0.394%
Fi Y 0.844% 0.039%
0.085% 2.317% 0.953% 0.055% 0.706%
PPN — -28.551% -53.571% -10.032% 31.805% 0.105% -11.577%
FLR/N 5 72
7 19.880% 24.703% 12.934% 17.313% 6.365% 11.963%
A5 R 65.815% 31.450% 29.694% 15.669% 14.872% 8.163%
FLRAN AR
23.365% 124.359% 8.572% 51.025% 3.910% 24.343%
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Tab.5 The second measurement result of cranial sagittal chord and comparison among different
reconstructing qualities

TS5 R (mm) 55 B R L DI e 22 5 L B R A R B p
BftibrifE 2 bR BME~ R feip-
fEHS 110.88+6.10 0.55%+0.40% 0.12%~1.79% 0.000"
ot L 110.556.19 0.25%:+0.29% 0.03%~1.46% 0.000"
[ i 110.38+6.26 0.09%+0.12% -0.03%~0.46% 0.000
ARG 110.28+6.27
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Fig.4 3D models in different qualities of the same mastoid air cell system
A 5K E B: 4 E C: B4 Z D: A E A low quality; B: medium quality; C: high quality; D: optimal quality

x6 FRIMBRRZKNETERBENELERINEE

Tab.6 Standard deviation of two measurement in different reconstructing qualities

{EA FE (mm) TR 1 (mm) 4% (mm) HcHERS B (mm)
el i/ M il e/ ME N /M i e/ ME
FrifEZESD KA FRifEZESD RAE PRifEZESD KA FRifEZESD RAE
0.492 0.001 0.546 0.011 0.478 0.000 0.504 0.013
0.405 1.185 0.487 2.373 0.474 2.077 0.425 1.752
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