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SUMMARY: Deer and sheep spines are often used as models of the human spine. A prerequisite for the use of animal models is
information regarding the interspecies differences in the parameters of general interest. This would clarify the limgatbrenahal
model and substantiate the applicability of the obtained results to humans. Since sufficient data appear to be currtatilg, umavai
sought to investigate the feasibility of using deer and sheep as animal models for studies on the human spine. The thigesttidy of
was a thorough comparison of the anatomical parameters of deer and sheep spines with those of the human spine. We employed thre
dimensional reconstructions of computed tomography images, generated using figure analysis software, which facilitatec quantita
analysis of the linear and curvature parameters and the geometric index of the vertebral bodies. Our findings represherstempr
database of the anatomical characteristics of the deer and sheep lumbar spines and their comparisons with those of titeahuman lu
spine. This study provides insight into the similarities and differences in the vertebral geometries between the humduthepiteean
and sheep spines. We found that the differences are minimal and that they do not greatly compromise the utility of dgeluanidashe
spines as models of the human lumbar spine.
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INTRODUCTION

The cadaveric human spine is the ideal model féRodels in spine research (Wilkeal, 1997; Sandéet al,
biomechanical studies of the spine and for testing spind01; Yildirim et al, 2006; Kettleet al, 2007). However,
implants; however, there a few limitations to its use. Orfeutbreaks of bovine spongiform encephalopathy, avian in-
such limitation is the difficulty in obtaining fresh humanfluenza, severe acute respiratory syndromes (SARS), and
specimens, especially from the younger population. Anoth#ffluenza A (HIN1), along with the related risk of the
problem is the large variation in the geometry and mechanidgrsonnel working with potentially contaminated tissues,
properties of human specimens that are due to differendtye made the selection of animal models for spine research
in age, sex, bone quality, and bone degenerative chang®gre difficult than ever (Wellst al, 1998). In fact, because
Therefore, it is necessary to identify suitable animal mode®$ these concerns, some countries have imposed strict
as alternatives to the cadaveric human spine. In the past, figgulations on the use of animal models for experimental
spines of various quadrupeds, such as pig, calf, sheep, gb&rk (MAFF, 1998).
and dog, have been used as alternative models (Guatvitz

al., 1993; Nagatat al, 1993; Sciferet al, 1999; Baramki Chinese Merino sheep, which are the progeny of a
et al, 2000; van Dijket al, 2002; Wilcoxet al, 2004; cross between an Australian Merino ram and Boer Wentz
Nuckleyet al, 2007; Seel & Davies, 2007). ewe, have the advantages of stable heredity and minimal

inter-individual differences. Since they are easily available,
The advancement of spinal research depends on fhBinese Merino are currently considered the most suitable
progress achieved in laboratory- and animal-based scientifidéeep for experiments in China. Similarly, adult d€ergus
studies. Calf and sheep are the most frequently used anifi@iPon Temmingkare considered useful alternative models
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for studies of the human spine for the following reasons: (a)so sought to define criteria for the selection of the
adult deer are comparable in size to adult humans; (2) de@propriate animal model for vitro andin vivoexperiments

are readily available for research purposes; (3) the animais the lumbar spine.

exhibit stable heredity and minimal inter-individual

differences; (4) the animals are generally healthy, making

them good surgical candidates and resistant to infection; addTERIAL AND METHOD

(5) most importantly, deer have scarcely (if ever) been

reported as carriers of prion diseases. An anatomical database

on the linear measurements of the deer spine andSpine specimensSpinal samples were obtained from 5 each
comparison with the human spine has been previousdy adult does (age: 1.5 to 2 years; torso length: 75 to 95 cm;
published (Kumaet al, 2000, 2002). However, knowledgeweight: 75 to 80 kg) and adult male Merino sheep (age: 1.5
of the similarities and differences between animal models 2 years; torso length: 62 to 79 cm; weight: 46 to 62 kg).
and human spines is essential to interpret the results of studiee animals were provided by the Experimental Animal
using these models and to establish the research area €aehter of Jilin University (Changchun, Jilin Province, Chi-
model is suitable for. To our knowledge, no data are currentiya) and were euthanized by the administration of a ketamine
available on the anatomical curvature parameters anderdose before the collection of the spinal samples.
morphometric index of sheep and deer spines or on tAdditionally, spines of 5 male human cadavers (age: 21 to
comparison of these parameters with the human spirgl years; torso length: 168 to 177 cm) were procured through
Accordingly, the purpose of this study was to summarizée Department of Anatomy of Norman Bethune Medical
the similarities and differences between the anatomic@bllege, Jilin University (Changchun, Jilin Province, Chi-
characteristics of sheep (Chinese Merino) and d€er (na). All procedures involving cadaveric tissue samples
nippon Temmingkspines and those of the human spine. Weonformed to the mandates of and were approved by the

Human

Fig. 1. Three-dimensional views of the lumbar vertebrae. The various measurements determined in the study are indicdted here an
further explained in Table I. (a) shows the superior view of the vertebrae and VBCRu refers to the curvature radius oétiuplaipe

of the vertebral body; (b) shows the middle cross-section view of the vertebrae and VBCRm refers to the curvature radidsllef the
cross-section of the vertebral body; (c) shows the inferior view of the vertebrae and VBCRI refers to the curvature hadayseof t
endplate of vertebral body; (d) shows the coronal-section view of the vertebrae and VBCRT refers to the curvature raittun of the
vertebral body; (e) shows the lateral view of the vertebrae and VBCRa refers to the curvature radius of the anterioaldiagytebr

Both VBCRa and VBCRf reflect the lateral-wall curvature of the vertebral body.
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Jilin University Ethics Committee; all procedures used witkVorkstation 4.3; GE Medical Systems) and were reformatted

the cadavers and resected tissues were designed agdhree-dimensional (3D) reconstruction. The 3D models

performed in accordance with the national standards for usithe specimens could be rotated, cut, clipped, and measured.

of human tissue (People's Republic of China Ministry ofo minimize any errors occurring during these processes, a

Health, 1994; People's Republic of China State Departmesystematic and unified standard was used (Fig. 1).

2004). All protocols used with the animals were designed

and performed in accordance with the principles of laboratoleasurement of linear and curvature dimensionsThe

animal care and the current law and national standardsiomage analysis software Efilm Workstation (Merge

the protection of animals (People's Republic of Chinblealthcare, Hartland, WI, USA) was used for quantitative

National Science and Technology Committee, 1988, 1997easurements of the linear, curvature, and area parameters.

People's Republic of China Ministry of Health, 1989The parameters measured have been explained

People's Republic of China National Standards, 1995). diagrammatically in Figure 1 and the abbreviations expanded
in Table I. The same anatomical landmarks were used across

While deer, sheep, and human spines are compagdl-measurements to ensure the accuracy of the measurements

ble in the lumbar regions, with minimal differences, obvioufFig. 1) (Wilkeet al; Kumaret al, 2000).

differences exist in the cervical and upper thoracic regions

(Wilke et al; Kumaret al, 2000). Therefore, we only

analyzed the lumbar vertebrae in this study. For all spindRESULTS

intact lumbar specimens (L1 to L6 of deer and sheep and L1

to L5 of humans) were removed en bloc, along with the

associated muscles, soft tissues, and intervertebral discs. The lumbar regions of the deer, sheep, and human

Each of the specimens was then radiographed to rule spines were compared for the anatomical parameters

any obvious bone lesions. mentioned in Table I; the results are presented in Table II.
Additionally, we compared the morphometric index and

Computed tomography imaging All specimens were endplate surface areas (ESAs) of the deer, sheep, and human

scanned using a helical computed tomography (CT) scapines in the lumbar regions (Table IlI).

ner (LightSpeed 16; GE Medical Systems, Milwaukee, WI,

USA), with the following specifications: 120 kVp; 320 mA;Linear dimensions In the human lumbar spine, the ante-

512 ¥ 512 matrix; and slice thickness, 0.625 mm. All image®r vertebral body height (VBHa) increased steadily from

were retrieved on the CT workstation (Advantag@4.3t1.72 mm (L1) to 2781.75 mm (L5), while that of

Table I. Anatomical parameters and their abbreviations used in this paper.

Abbreviation Dimension
Vertebral VBD Vertebral body depth
body VBW Vertebral body width
VBH Vertebral body height
VBCR Vertebral body curvature radius
VBVI Vertebral body vertical index* = (VBHp'VBHa) x 100
VBHI Vertebral body horizonta index” = (VBD/VBW) x 100
ESA Endplate surface area
Suffices U Upper
M Middle
L L ower
A Anterior
P Posterior
F Flank

(a) When the value is less than 97.9, the vertebral body is considered to be of the dorsosphenocentric type
(DT). When the value is between 98.0 and 101.9, the vertebral body is considered to be of the orthosphenocentric
type (OT). When the value is greater than 102.0, the vertebral body is considered to be of the ventrosphenocentric
type (VT).

(b) When the value is less than 60, the vertebral body is considered to be of the triangle shape (TS). When the
value is between 60 and 80, the vertebral body is considered to be of the kidney shape (KS). When the value is
between 80 and 90, the vertebral body is considered to be of the heart shape (HS). When the value is greater
than 90, the vertebral body is considered to be of the circular shape (CS).
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posterior vertebral body (VBHp) decreased from
27.1£1.89 mm (L1) to 2262.30 mm (L5). On

the other hand, in deer and sheep, both the VBHa
and VBHp increased caudally from L1 (461629

mm and 32.20.97 mm, respectively) to L5
(45.3t2.46 mm; 34.41.32 mm, respectively) and

then decreased to L6 (43%B.48 mm and

29.7+3.45 mm, respectively). These values

indicate that the vertebral bodies in deer were ta-
ller than those in humans and sheep (Table II).

In the human lumbar spine, the width of

the upper vertebral body (VBWu), similar to that
of the lower (VBWI) and middle (VBWm) verte-

bral bodies, increased gradually from L1 to L5.

A similar trend was observed in the case of deer
and sheep lumbar spines. Further, the VBWm was
consistently lesser than the VBWu and VBWI in

all the three kinds of lumbar spines. These
findings showed that the VBW in deer spine was

greater than that in the sheep and lesser than that

in humans at each level (Table II).

The vertebral body depth (VBD) was the

least of the vertebral body dimensions in humans.

In the human lumbar spine, the upper vertebral
body depth (VBDu), middle VBD (VBDm), and

lower VBD (VBDI) increased gradually, ranging
from 30.G:2.38 mm (L1) to 3322.24 mm (L5),
27.2£2.50 mm (L1) to 2982.19 mm (L4), and
30.6t2.27 mm (L1) to 32.62.37 mm (L4),

respectively. In deer, the VBDu increased from
L1 (24.#1.37 mm) to L5 (2783.33 mm) and
decreased to L6 (24t2.10 mm), while the VBDI

lumbar spine, the VBDu and VBDm increased to

decreased gradually from L1 to L6. For the sheep
L4 and then decreased to L6 (L1, H6L247 mm

and 12.21.20 mm; L4, 17.81.70 mm and
13.3t1.27 mm; and L6, 16:81.48 mm and

11.7#1.61 mm, respectively), while the VBDI
decreased from 1A44.32 mm (L1) to 15%1.79

mm (L6).

Curvature dimensions The vertebral body
curvature radius (VBCR) in human lumbar spine

increased from L1 to L5 in all the views (VBCRu,

VBCRm, VBCRI, VBCRa, and VBCRf). The
VBCRu and VBCRI in the deer and sheep spines

also showed a similar trend of increase from L1

to L5, whereas the VBCRm showed the opposite
trend. The VBCRa in deer lumbar spine decreased
from L1 (21.91.74 mm) to L3 (1943.36 mm)

and then increased to L6 (32244 mm), while

14 ul Ajeoméwiwelbelp paurejdxa sialaweled ay) pue | a|igel ul papiroid uaag aAey pasn siaawesed [ealworeue ayl Jo suoniuyagd

¢’ 1709 GT¥LCE 9TF¥ETZ €72¥9€C 6 TI™LT V' /¥6°9¢ 6°'0¥9'ST 9'0¥69T GOFLCT 9O0FTLT 9€¥9'6C E€CF6'EC 0CH'9C ¢
8'CFL'EE V'€¥.°6C 9C¥06T O0€EFCTC V' EMOC T6+CV¢ TEF99T L TFL°ST 9 T+LTT  VT+E9T 6€¥E9E  T'2+9'8¢C 7'¢¥E0e 1
L' T+°LE ETHVE L¢¥S0C 6€¥’eC V' vwR6T VewTe Cv¥0LT 9T+89T TTOCT €T+LT ¥'¢¥9ce  €eHrse £¢¥%'9¢ 1
€TH/E  80F0VE LT¥6CC 6'€FLCC SEXRLT 8TF0C 8TFSGI VTFOLT CT®EET LTFLT 8C¥T'/c 9¢Flec vT¥se 1
9'TFL'9E TT+E€EE ZV¥8'E€C 9€¥GCC G EFLT TG+T'ec 9¢C+6VT ' T¥89T TT®RET 9TF9LT 8¢+¥1'9¢ 8¢+rde [SNATA 44 1
€' 19'6e cT¥6°CE L€¥ETC 0€FCEC L'CH9T TEF0TE CCHLVT 02¥9°LT 9 TRET LTFOLT 8¢¥e’Llc GTFlCC €¢Hve 1
€' TR'SE 6°0¥T°CE 7'e¥00C vv¥9'8¢ 9'¢WGT €9¥9Tyr 8CFLVT ETHLT CT®RCT VIFC9T 'S8 8'€¥0CC 6C¥E'SC 1 dsays
L'T¥8y STFLEV LTF0EC  TYFeeC  9CEVC  LT¥ICE 07TFLCC 9TFOYZ 80W6T TTFBSC 6€¥0LE 0Q0CFILZ TTETE X
T¢wLy V' IFEEY SY¥ElC  V6¥22E 2662 GEFTTE 9€EFBYC 8T¥€¢C T'¢WTC T¢C+LVe 8¢+¥0'sy §0+80¢ CT#'S€E 1
9'¢B'6Y V'Z¥ESh TEF'aC OPVFI'EC 8 EFGC €¢F¥L0E VvVFOve V'¢¥8€C G'C¢¥E6T €¢€+8'LC VT+18€ V'T+08C 8'T™¢Ce 1
L'2¥6v [oR A4 C'¢¥6cC E€E€¥8TC  V'EWEC ¢'STL'EE  0PV+8EC VeFCYe 9¢W6T LTFCRC 9T+¥99E 6T+T°LC 9T+%'0¢€ 1
JAYA R 1% 0EFr v 8¢C¥G¢C¢ E€Ee¥T6l Texeee L'G¥L'GE  L'C¥9°¢CC L'€¥L'G¢  0'¢O6T 8T¥9'9¢C 8T¥6Ve LT+0'SC 02¥&\0¢€ a1
gLy CTFEEY 6Vv¥L0C VTIFSTZC L' EFI'EC Ov+r'1€ ST+0TC 6T+Iv¢ G T«6T SgT+0'SC 9T+6'€E  E€T+8'9¢ 8'TM6¢ 1
[Ax4: 0744 CT+¥9°0V 1C¥C'6T LT+6T¢ L'€F0TC L'GF0'EE  C¢+C6T 80+¥5'Lc CT#6T €T+ VZ¥GeeE 0€EFT'AC C¢'T+.'8¢ 1 ead
6°'T¥'SC 6°0¥6'GC ST¥LC 0V¥9'6E 8'9WEC 8T+90C 0T+8¢C 90+LTE O0'T8W8C TTFLTE €¢F¥6'LV 8CFS6E TexR 'Sy X
€2 LT¥0Le 8Y¥E6C 8VFI'LY E€TR'SGC ECFIVe TEFRYC €TF8TE 0C®'6C VTFCEE SEF96Y EYFLEY  TY®R0S 1
4 A4 STFr9C vY¥E8C L'GFL6E CTMEC 8T+50¢ 0T+C€C €¢¥9¢E T'¢®w6C E€¢HCE GEFL0S LTCFLTY Ve LY 1
T ¢#'9C 9'T¥G'9C CY¥T’lC L'9F¥¥8E  L'ZMEC 0T¥6'6T 0¢CFHO€EC ¢'¢¥0¢ce C'¢{'6C  E€CFLCE 9€¥8'8Fr 6CFE6E CEFL'SY 1
8'T+'LC 6T¥5'GC LV¥E9C 8EFG9E 8 TEEC 6T+ 61 [ R AAA €¢FTE 2'¢Hl'8C¢ €CHFTE SEeF09r 0€F0’LE 9EH'EY 1
8 T+l°LC LTFEVC OVv¥G'GZ VGFI9E V' IFL'CC 9 T¥Z'6T STFETC ¢¢¥9'0e G'¢¥’lc €CHO0E CEFEYY  €€F09E 0E’l1TY 1 ewnH
0lBIS0d  Joleuy Nuel4 Ry JAMo 3IPPIIN Jaddn oMo a|ppIIN Jaddn JPMO T 3IPPIIN Joddn
HAA dOdA ddAn MAA

‘uoibal requin| ay} ul suids uewny pue ‘daays ‘19ap Jo (Ww uugds) sialaweled [ealwolieue ay) Jo uosiedwo) || a|geL

[c0)
o
—



WANG, Y,; LIU, T.; SONG, L. S.; ZHANG, Z. X,; LI, Y-Q. & LU, L. J. Anatomical characteristics of deer and sheep lumbar spines: Comparison to the human lumbar spine.
Int. J. Morphol., 33(1)105-112, 2015.

the VBCRf increased from L1 (25:8.68 mm) to L4 (29:84.80 mm) of the upper layer (VBHIu) were fairly concentrated
and then decreased to L6 (22226 mm). The VBCRa and VBCRfin in the range from 83.9 to 87.2. Additionally, the
the sheep spine showed a trend similar to that in the deer spine. VBHIm and VBHIl in deer showed trends similar to
those in human, indicating that the vertebral bodies
Morphometric index. In humans, the vertebral body vertical indexn the upper layer were heart-shaped, while those in
(VBVI) decreased from 111.5 (L1) to 81.5 (L5) (L1 and L2 were of thine middle and lower layers were kidney-shaped. The
ventrosphenocentric type; L3, of the orthosphenocentric type; and {BHIu and VBHII in the sheep lumbar spine co-
and L5, of the dorsosphenocentric type). The corresponding figuresri@sponded to the kidney shape, whereas the VBHIm
deer and sheep spines ranged from 109.2 (L2) to 110.6 (L1) and fi@emging from 41.1 to 59.7) corresponded to the
108.2 (L2) to 113.5 (L6), respectively, thereby indicating that the deeiangle shape.
and sheep vertebral bodies were of the ventrosphenocentric type at all
levels. The vertebral body horizontal index (VBHI) in humans was fairgndplate surface areasESA in humans increased
uniform at all levels, ranging from 64.1 (L5, lower) to 75.9 (L2, middlefrom L1 to L5, in both upper (713t89.6 mniat L1
gznd corresponding to the kidney shape. In deer, the values of the VBH931.1:243.6 mm at L5) and lower (81442.00.2

g @ = mn¥ at L1 to 997.2106.5 mm at L5) levels, and
<

3 . 5 =) the upper ESA (ESAu) was less than the lower ESA

N M < wn ™m 0 O H 0 1 N ™M .
© S 3 HY I NdRI T oo d2alod (ESAI). The ESAu in sheep ranged from 4269.9
S IS OSSR AELIEIORRTH S8 i
‘Sh 3 H & H & & & Ha c"[)' & Hygd 4 & Eﬁ mn? (L5) to 230.432.2 mni (LG), while ESAI
$ R E R RN E RN EEREERRS 28 ranged from 4828181.3 mm (L4) to 264.340.8
O 00 PN d o g M IS IFINN>5 > . .
c < - @ mm? (L5). The ESA in the sheep spine was
% N °
o w g § consistently lower than that in the human spine
() < © © .
9 . § § @ g D, @ § g § % < g g E g % 5 T8 throughout the lumbar region. In deer too, the ESA
5 Al %} & g I8 4 % H8Y LY ESQ values were comparable to those of the human and
— Ol ™Mm N g - @ © o0 g N O~ O OO = i H
= AN g 3 5 8 28 ¥ 283885823 showed a similar trend. ESA increased gradually
€ 3> from L1 (468.156.5 mn) to L5 (528.260.7 mni)
E 3 g in the upper layer and from L1 (33&29.0 mni) to
é %E L5 (1015.8148.1 mm) in the lower layer. There
4 2000020200200 00000R 2 = were minor differences in the ESAI between deer
4] [} £ .2 ! :
= = and humans. These figures showed that the ESA in
@ S £ 2

C O H H
Q - § § § g g X E g § g © g g g 5 1w @ 58 Fhe human spine was consistently greater. than that
& ® N v N8 e in the sheep spine and comparable to that in the deer
e T O
? 05 spine (Table II).
o cogeeeeeeeoeppepp Se
T -2 g o
= I|s 83
S CERABRRNRRBRB8886gs 2oz oo ooON
ko] S
= O

@ 265
x NN NN NnNnnunowmoomnonnonon|® o ) . .. .
2z o XXX XX I IIIIXXXXXXbE gi;(: Basic spine research and preclinical testing
E S E.g = of new surgical methods often require animal
e Sleydaddady g 23 g S8 323 e § 3 experiments because most tests cannot be

NN~ © © O W o K © NN~ N~ O W = . -,
£ § 2 S conducted on humans and because the availability
S 3 % & of human specimens is limited. When using ani-
5] S 8% mal models, it is necessary to carefully study the

FFEEFEFEFEFFEFEFEFEFEFEEFRFERFEIQSET . .
GE) 5 >>000>>>>>>>>>>>> 85, similarities and differences between the anatomical
5 2 g E§ characteristics of the animal models with respect
g E; > u:v % © 9 § § § g % § g % § § g 3 ,‘g;;g to the pgre}mgters of inte_rest. Th_is will shed light
2 = AHO® OO0 g addAdAA A A = £ ¢ on the limitations of a given animal model and
— e . . .
8 E = = enable the proper application of the obtained results
Q. .
=2 dCNmTbLadN®Two daNm oo 2sxX  tohumans. The results of the current study provide a
o e U [ U | e e | : 8 @ .
O<S sc 8 database for the spinal anatomy of 1.5 to 2-year-old
= < gc i i i -
== g g 5§55 dger C. nippon Temmm()lan.d sheep (Chmesg Me
L9 § £ o g € 2 % rino). We have separately discussed our findings for

= = F C . . .

g2 0T o n 3 § S each parameter and sought to define the criteria for

109



WANG, Y,; LIU, T.; SONG, L. S.; ZHANG, Z. X,; LI, Y-Q. & LU, L. J. Anatomical characteristics of deer and sheep lumbar spines: Comparison to the human lumbar spine.
Int. J. Morphol., 33(1)105-112, 2015.

the selection of the appropriate animal model for different aretiee VBHI corresponded to the kidney shape in the upper and
of research. lower endplates and the triangular shape in the middle cross-
section. Our results support the fact that the vertebral body of
Linear dimensions A fundamental difference among thethe human lumbar spine is cylindrical, with slight narrowing
species is that the human vertebra characteristically has a wittthe middle section. On the other hand, the vertebral body of
(VBW) that is almost twice the height (VBH), whereas the&leer was semi-cylindrical and gradually transitioned towards
deer and sheep vertebra have more height than width. Wilte cylindrical shape along the vertical axis. The vertebral body
regard to the lumbar spine, the human vertebrae are largepinthe sheep spine also showed a cylindrical shape,
terms of their width and depth, which increased from L1 twansitioning into a triangular prism shape in the middle cross-
L5. This makes the ESA in the human lumbar spine greatsgction. The deer spine was comparable to the human spine
than that in the deer and sheep lumbar spine. This differengith respect to the ESAs in the lumbar region, while the sheep
is most marked in the lower lumbar region. The biomechanicspine was similar to the human spine in terms of the vertebral
function of the spine in humans is vastly different from thosieody geometry.
in deer and sheep. Since deer and sheep are quadrupedal, their
spines primarily bear load along a single horizontal axis, On the basis of the comparative data of these animal
without marked transfer of stress along a vertical axis, asnmodels alone, it is difficult to interpret whether a given species
the case of the human spine. This difference in functias suitable for use as an alternative to the cadaveric human
accounts for the gradual decrease in the VBH and increasespine. Nevertheless, we can select the appropriate animal
VBW and VBD in humans. Importantly, the similarities inmodel for different topics of research according to criteria such
the anatomical linear dimensions of deer and human vertebeae linear dimension, curvature dimension, geometrical
are greater than those of sheep and human vertebramrphology, and ESA. In the light of our findings, we suggest
suggesting that the deer may be the more suitable modelludt the deer lumbar spine may be the more suitable model of
the lumbar spine. the human lumbar spine for studies on the biomechanics of
interbody cages, because of the similarities between the two
Curvature dimensions The curvature radius was comparakinds of spines in the linear dimension, curvature dimension,
ble in the spines of all the three species. Similarities betweand ESAs. On the other hand, the sheep lumbar spine may be
the deer, sheep, and human lumbar vertebrae were the greatese suitable for biomechanical experiments concerning the
for the measurement of the VBCR (Table II). The VBCRyedicle screw systems, considering the similarity in the verte-
and VBCRI in sheep spine were slightly less than those in theal body geometry of sheep and humans.
human spine and comparable to those in the deer spine.
However, the lateral wall curvature of the vertebral body Our study has some drawbacks. First, the sample size
(VBCRa and VBCRY) varied markedly among the 3 specie#) this study is small. To overcome this deficiency, deer and
with the values in the human spine being markedly greateineep spine specimens were strictly selected such that they
than those in the deer and sheep spines. Accordingly, tlvere of similar age, torso length, and weight. We believe that
relative contribution of the shell to the load-bearing ability ofhe establishment of rigorous standards for screening experi-
the vertebra decreased with increasing lateral wall curvatureental animals will help reduce and refine the expenditure of
(Overakeet al, 1999). Overall, the differences in the curvaturexperimental animals, in accordance with the 3R-principle
of the lateral wall of the vertebral body reflect the fact that ifreduction, replacement, and refinement) (Russell & Burch,
the human spine, cancellous bone plays a more important ra59). More importantly, the small values of the SD of the
than cortical bone in the load bearing of the lumbar vertebramatomical parameters show that the experimental results are
as shown previously (Wargj al., 2010). stable. Our study provides a thorough anatomical database of
the lumbar spinal vertebrae of deer and sheep and detailed
Morphometric index and endplate surface areas information on the similarities and differences in the verte-
Differences between the VBVI in the three species were notbthl geometries of deer and sheep lumbar spines and the human
in varying degrees. The deer and sheep spines show kyphdsisbar spine. The differences were found to be minimal and
to a small extent in the lumbar region. This is in contrast wittid not affect the validity of deer and sheep lumbar spine as
the human spine, which shows lordosis in the lumbar regiosyitable models of the lumbar spine.
reflecting the fact that humans are biped while deer and sheep
are quadrupeds. In the human spine, the VBHI corresponded  In conclusion, our morphometric analyses show that
to the kidney shape for both the endplates and the middle crdssth deer and sheep lumbar spines represent viable options
section. However, in deer spine, the VBHI corresponded for use as models of the human lumbar spine. Our data may
the heart shape in upper endplate and the kidney shapeliso facilitate the selection of the appropriate animal model
middle cross-section and lower endplate. In the sheep spifa, different areas of focus in spinal research.
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WANG, Y.; LIU, T.; SONG, L. S.; ZHANG, Z. X.; LI, Y-Q. & LU, L. J. Caracteristicas anatdmicas de la columna vertebral de ciervos
y ovejas: Comparacion con la columna vertebral humanal. Morphol., 33(1)105-112, 2015.

RESUMEN: La columna vertebral de ciervos y ovejas se utiliza frecuentemente como modelo de la columna vertebral humana.
Un requisito previo para el uso de modelos animales es la informacién con respecto a las diferencias entre especiesetrobd@ara
interés general, lo que aclara las limitaciones de cada modelo animal y fundamenta la aplicabilidad de los resultadgsanatesidos
seres humanos. Debido a que existen datos suficientes actualmente, hemos intentado investigar la viabilidad de utijizarejéervos
como modelos animales para los estudios sobre la columna vertebral humana. El objetivo fue realizar una comparaciédeldsmustiva
parametros anatomicos de las columnas de ciervos y ovejas, con los de la columna vertebral humana. Empleamos reconstrucciones
tridimensionales de imagenes de tomografia computadorizada, mediante un programa de analisis de la figura, lo quedésitto el a
cuantitativo de los parametros lineales y de la curvatura y el indice geométrico de las vértebras. Nuestros hallazgas vepresent
amplia base de datos de las caracteristicas anatdmicas de la columna lumbar de los ciervos y ovejas y sus comparacieras con las
columna lumbar humana. Este estudio proporciona informacion sobre las similitudes y diferencias en las geometrias wemrtdbrales e
columna vertebral humana y las columnas de venado y oveja. Se encontré que las diferencias son minimas y que no comgwometen el
de la columna de ciervos y ovejas como modelos de la columna lumbar humana.

PALABRAS CLAVE: Columna vertebral; Modelo animal; Anatomia comparativa; Oveja; Ciervo; Humano.
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