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Abstract: [Objectives] The establishment of three-dimensional (3D) visual model of the skull of Saiga
Antelope (Saiga tatarica) could be helpful in studying its anatomical features and further enhancing the
accuracy of disease diagnosis as well as the effectiveness of species protection through “digital specimen”.
[Methods] This study took the S. tatarica which is identified as an endangered species by State Forest
Administration Gansu Protection Centre of Threatened Species as the research object. Cone-beam CT
scanning and 3D reconstruction techniques were utilized to scan and reconstruct the skull of S tatarica for
morphological study. A total of 26 morphological parameters of the skull model were measured digitally with
the measuring tool of the Mimics20.0 (Fig. 2), where the data were presented in the form of Mean + SD.
These results were compared with physical measurements obtained by vernier caliper and t-test between them
was performed (Fig. 3). [Results] The high-precision 3D digital model of the skull of S tatarica was
successfully reconstructed. The reconstructed digital skull model could realize scaling and rotation,
multi-angle cutting and measurement, and could better reflect the external characteristics, internal and
three-dimensional structure of the head structure. The results showed that all the indexes (n = 8) had no
significant difference from those obtained by physical measurements (P > 0.05). For example, for the full
lengths of the skull obtained by vernier caliper and the digital model were 227.147 + 10.646 mm and 227.130 +
10.638 mm, respectively, similar between the “digital skull” and the dry skull (Table 1, P = 0.635).
[Conclusion] This study has obtained the digital 3D model of the skull of S tatarica, and compared the
morphological characteristics of the skull using CT scanning and 3D reconstruction technology, which can
provide the help for the diagnosis and treatment of head diseases as well as protection of this species. At the
same time, it provides a theoretical basis for the clinical application and related research of CT scanning and
3D reconstruction in wild animals.
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Fig.1 Semi-freeranging Saigatataricain Gansu Endangered Animal Protection Center
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Fig. 3 Morphological feature of the skull
of Saiga tatarica

a Btk b, Sk krA. a Virtura skull; b. Dry skull.
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B4 REFMAELE =LA IHEE
Fig. 4 3D Reconstruction of skull digital model of adult Saiga tatarica.

a MM b, LM c BFHMW: d JEHN.
A. Latera view; B. Caudal view; C. Dorsal view; D. Ventra view.
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Tablel Craniometric measurementsof Saiga tatarica in different ways (Mean + SD)

T4 ik R ARy i e
Morphometric Parameters Vernier caliper _ 3D measurgment t-test P-value
measurement value (n = 8) value (n = 8)
4K Total length (mm) 227.147 + 10.646 227.130 + 10.638 0.635
Fii%: K Basal length (mm) 207.343 + 11.475 207.517 + 11.299 0.746
B K Viscerocranium length (mm) 122.346 + 5,572 122.074 + 5.687 0.892
BB K Greatest frontal length (mm) 90.197 + 6.662 90.598 + 6.467 0.673
T K Facial length (mm) 162.929 + 7.549 163.005 + 7.455 0.798
J K Length of braincase (mm) 105.650 + 8.362 105.730 + 8.157 0.694
L #%1K Length of tooth row (mm) 126.705 + 7.631 126.626 + 8.060 0.731
HIAE ¥ Lateral length of the premaxilla (mm) 38.791 + 5.359 38.773 +5.297 0.886
AR %K Greatest inner length of the orbit (mm) 41.946 + 2.022 41.979 + 2.097 0.894
AR % = Greatest inner height of the orbit (mm) 39.860 + 1.255 39.866 + 1.141 0.932
FLIEAHE Greatest mastoid breadth (mm) 73.292 + 5.295 73.309 £ 5.125 0.849
FLBETE Greatest breadth of the occipital condyles (mm) 41753+ 1.804 41.805+ 1.721 0.756
1 o

gﬁej;tﬂggz;;adth of the bases of the paraoccipital processes (mm) 57.123:+ 3.867 56.984 + 3.841 0.593
MKFLFE Greatest breadth of the foramen magnum (mm) 20.210 + 1.007 20.179 + 1.107 0.757
LK FLE Height of the foramen magnum (mm) 17.563 + 1.713 17.411 + 1.562 0.951
Jidifii % Greatest neurocranium breadth (mm) 62.993 + 10.267 63.551 + 10.287 0.659
T/ % Facial breadth (mm) 62.855 + 5.886 62.831 + 5.852 0.865
£ - fLEE Least breadth between the supraorbitale (mm) 47.284 £ 6.960 47.047 £ 6.969 0.637
kL= Basion heigh (mm) 66.467 £ 9.134 66.174 + 9.247 0.862
Fi% Zygomatic breadth (mm) 92.137 + 4.747 92.163 £ 4.614 0.764
Wil Length of tympanic bulla (mm) 24.913 + 1.836 24.846 + 1.785 0.915
FHiK Total length of Mandible (mm) 170.441 + 8.352 170.570 + 8.326 0.846
%1 Length of the tooth row (mm) 123.491 + 4.479 124.442 + 4.135 0.743
TR IEHT Length from the condyle (mm) 176.901 + 8.500 177.147 + 8.406 0.638
N#ii4x Oral height of the vertical ramus (mm) 116.015 + 5.763 116.078 + 5.766 0.879
B KHEAIPE Greatest breadth of the skull (mm) 114.586 + 6.485 114.254 + 6.823 0.636

BT A S5 R A SR AR 5 T30 o 540t
Fi, EWNINCHE V25 E5 0 20 R APk
BT T OREM B i 75 (Olopade et al.
2009, Onuk et d. 2013, Tohidifar et a. 2020)-
Onuk % (2013) X} 44 (Capreolus capreolus)
453 (Ovisaries) K113 (Caprahircus) 13k
HIAT TSR, =AMk E 2K 5A

(196.19 £ 2560 mm. (215.89 + 6.06) mm
M (21667 +17.21) mm; 55 Ry (85.37
+0.39) mm. (10537 +4.29) mm fl (97.2 +

8.1 mm. AHEFTIMAFEINFE K KA DE 7

BN (227147 + 10.646) mm Al (114.586 +
6.485) mm, 5 ER=ARHIEL, HLE
USIZSE N

g b, MIRERINF i & A S5
FHIES HoAth e 2 sh e Hog A= R A al, 3
[FI XA 5 4R h Wk B S5 A R L o
FEINFA E L AR 2P DU AR HE T, Ho
BN BB ARk, SATRETERE, LA
BB AR R [ B, B AN R
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SR R B TOURE L JE B R BE )1 o Al B
BB ZEIN A Y R SRR B &
(PR TR DA B 6 S 280 S DT B L 1 3 o e T 5
HOAIE JEVD AR PR AE T AT RE
32 FEMPBELBH=4FTE KB

HHT, Z4EiE g AT BH AR
72 HUREFH T NS B2 W B R
BhEy7 (5% 2008, Teishimaet al. 2018,
EEFHI 20200, HH T-3h e H 2 Bfazhi)
(R 12 T BRI 9 1 Ab T W ER BT B (XXX
=5 20100, [ 0T B0 Sk B A5 R A
W15 32 LR FH P R R R AR ) /0 93 5 18 e
FIREFT (Zhu 2012), %3¢ wfE LU vHE ff dth s B0 L
FARIFRR S50 S AT H 2R -

ES AP N SR 2 s o= < i e s R Y =
(1) 40 23 35 B A5 A AT 0 2 e RS i FE R DR AR
(Sholtset al. 2011, iEAE €& 2019, HESKHHSE
2019). K X% (2020) %z Fg 5 4 gtk
TBARN KB 4T T 2T CT #3451 Mimics
YA KA RTEAS AR, X E R
H R A 3 A ) B R P 22 S AT TOE
fr, R ER Mimics IR EEEEZ
]Sk B AR R A E O E M E B R K E R,
NG P I B @AY e e Sk B TR A S50
JIUAS S FabR, RN A R E R A AN
IR CT ML L4 2 S5 15 m] g 2> B M
AR . BT UL R, AR TiE
i Mimics B TR F i i 72 351k 4%
RS OB B, X BRI Sk B B R )
i3z F AR R RURD = SRR I & 9 Foh 7 V34T
TR, [ERE RO B VA B A AT
THEOFEA t AR50, 45 R R PRIl & 45 3R )
TREWNZR . HILAH, Mimics &IERE =
Y JE B A R R 0 S R LA AR
(TSR B M 250, AR S RS,
FAR BAE T ABIRES AR AR BRI 3RAT
ey AN R = S i | NN A
T Wt 2 A 1) 27 55 v 0] B AR A JE AR A AN (1) iR
R NENITEAS S SRR A E AR AT

RME T HR A B, WSS T TIE
JEEAMER

AHTFE M CT A Gl BB =4
FEBORIS FEINF S E AT 1AL T, 3R
87 FINE Sl I SRR, Y
YR 305 B Sk B PO 1) 45 4 B 45 ) ER Ao
BRAR, BTG L PO S Sk
HITERZW RGBT, ST FifER
PEESRALIERKIE, RNy sh YRR 4388
BICH AR R = e e = AT R
WEF SR AL I
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