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Animal Models of Orthopedic Research: A Spinal Fusion Model

Jae Hyup Lee, M.D.,, Ph.D.”, Yunjin Nam, M.D., and Ji-Ho Lee, M.D., Ph.D.

Department of Orthopedic Surgery, Seoul National University College of Medicine, Seoul, Korea

The incidence of spinal fusion surgery has increased due to an increase in the incidence of degenerative spinal disease or trauma.
Moreover, the development of various kinds of implants and bone graft substitutes has also increased. The animal models of spinal fusion
are useful methods in evaluating the effectiveness of the newly developed spinal implants or bone graft substitutes. The most widely used
animal models of spinal fusion are posterolateral fusion model, posterior fusion model, and anterior interbody fusion model. Mice, rats,
rabbits, dogs, pigs, goats, sheep, and primates are frequently used in animal models of spinal fusion. Small animals are implanted with a
bone graft substitute without internal fixation; however middle- or large-sized animals are implanted with a bone graft substitute using
pedicle screws or cages. Small animals are easy to handle due to their size, but have different anatomical or biomechanical reactions with
the human body. Middle- or large-sized animals have characteristics like the human body, but they are difficult to handle or there is an
ethical problem. The fusion status is evaluated by manual palpation, mechanical testing using Instron, and radiologic techniques such as
computed tomography, micro-computed tomography or undecalcified histology. The fusion rate and duration required for successful fusion
differ according to the species and anatomical site. We have identified and reviewed several typical animal models of spinal fusion.
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Spinal Fusion Model
Aol tigh Al@Ado] Qlojop ot J2j1 £ FEAYE nY Eghulo|A2 HFE thEEIe YT 4 = Al A7)t
o] &|7] leiA= 8/84Ql At SRS A4 Ayt PR wizoll vk, HE, 7HE B w7k = 7R sHA gk AL
L& = Slofof gt E3E Aioll 2857 oAl QUAlolAe]  HiZ] o]/t ths= AlE2 ¢f-ofef 280 oA T 4= 3l
2h8 7142 Tt Belojojof 5kl Fe Qo ALt sl et the © o] Slnk Al iRl2= 22T HARE 0|85k AlE,
o2 WHEZ o2 fAlof gt} thek e uke s Eylot ZxF o] tigh 225 HARE B35 22| &eto] E(calcified
2o A5 Endoi 22 At vhew A, & d4, HAeE - histology) Qb BIEA ]S} 22 &2t E(undecalcified histology)7 F
< el dolA A 2ot Aakg d= Aol gutdo]  SQlok o] 5 H[EA 3|3} 2A|Seto|EE AR H- A8ES
=8 A3 gl = 7] diZell | g7tel 2 o8k 12yt
olof & FHolM= ARl ol E5] AFSE L Q=5 H[EAS|eF 2AEeto| B H|-Eo| AlRsh= ] 7]7to] @)
=L dof tfef gotgo 2N A gk olsiE ol A A= ol 8
T AL FYste o =0l F 1At gt
2. MFERE SESDHe EXY
32 =2 HAEReES ol et fedo] o] FojR= 7|t th2 T, /8
$Ix]of webA = 3Rt 717tol| Afo]7F Uth(Table 1). AE =,
HAE:Roel EYY AFAglA 7P de] AMSEE g0 T7HE To fobEl] A AVEE olAle Al VY HEW S
D2 olof tigt s=AY A= FESH o] Fo|R|aL lek. o] o] FofX|A|gk Hj2] 9] oW foted RS 2717
23 S04 foteS 42 EY] 7o ZoAAIE AUk & Y 71RFo] Ao %) webA HEgEeolA SEAY ndS
Alo 2 tfj il dods=ol 4-80] 7hsottt ejvt A3 34 A-T F- Yoke datol ATt = WS AdEistofof gt
7F et S A AT FASH Atolo] ZolAE A th
Yok £4 08 5ol A8 4 glaL Bt ATl
pon 27HRe| Fol7t o]k A §l= the=olA A& 7k Dukea g
gt Aot ojnf 2 ARSE= ZoX Al AV, 555, 0l 4w AFRIERYE URRAE o857k sh=H, ZiAY]
T2, Alete] &, 7148t 2714 (demineralized bone matrix) ¥ 2717} Y& 21 AuQ 1} njh|pE7 |98 o] 8ok= 5 71e4
=373 @94 (bone morphogenetic protein) 5] Atk A3 2] o2 HX] g7] giZof AT 7HEf vgl EA EEA AME
9 fhsol e FETIM AT AT s 288 TF Rao 572 0ReA T ReheS 3-49, 20-40 g 7R Aol
7FsfjoF gt E7 k¥ (sodium penthotal solution, 50 mg/kg) $ A-5(iliac
crest) 3=°019] 9] oFf & 15 mm A7Hstal FS5LolA oF 3-4 mm
1. MFRe ot Q5o 9F4H-9F0H FE7] 7kl EEote WS Eakst
HEAAEo 2T ks ZolAlS AR AR Abolol & itk =719 AR AL vAlFElolY HsHAT|E o &
o] o] Fo|HEAE ERIsk= Aoy o]F WSk 72 v Yskes ZolXAE st Soketl, s AT Al
A ZHA|7F QU A 7AIA QPE/dE Boboks AL R & TE ol i e Yo AEsES Fe Ao S ek E
o|AlZ ARt Ao Fa A, HIEE, SHYE 5 A A Fo| B A S AlETE U ¢ AUTh URRAE 0§
BAAA 2 Yo] Gl=AE B7loh= Zolth o] & floiA =4 2 HER[/TE0] B2 {HAF 22 o] folshr] mi2ol FEH
A& ok WS o8 £k QAL Instront A2 7| A E 0|8 2 U (transgenic mouse)E ©|-8-51H0] THRE 27104 AR
sto] ARt S YR S8 AEotHA {FHARE A 5 91 E ohE S0l Hid] Ao FH A E tFe
ol 2|2 Frishs Welo] Yok o] Y Frishy] da 7 2 Al e 5 ok Mo ok e Z ek w A AEolu
7 g Blolek=s Aol Stk F HAls GEARE o8 ARE o]AlE SHA] gElete oy o5 Afo] o] A fet
A FaF7t 9, ofe 22 AAEIEAE FrB el o] AT 5 ke wo] Aok EFF 33t delE 7]
Aol = HAM ARRIE o] §otIAIRE Hat e B5Fgel 7ho] 5] Yvhs T E QL
L ufo] 22 HHE 45HFE o-85t] TR Frkeka 8l
b0 AR E RS FrBhe o dA7E Qe B R nd
YA 2RI ZolAAE AL A A ARIC 2= S (ae HEREEo o] 8ot 7 A2 5= S otUR B
A2 HNE 5 Y e DS EHPE L mm FEY| AUeEE & Sprague-DawleyE 29| 0|83ttt = thF7] €1 Y
F= A AV BYHC R /S sliok Bk 4 Qltk ofl Aekal uhy 5o Sk Aol o, AR o]4] Al
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Table 1. Summary of Different Animal Models for Spinal Fusion

Animal
model

Fusion rate
(autologous bone graft)

Strength

7] drk= o] QIAuk 2719t Fo| ufe- thFsty| mgol
8 Aot sttt A2 dY fEE Al AP $3kE

2 0%-75%7HA B QL31, S 43& A AP 88
0%-1009%7HA] a1 31 Q1= Aol ok ™ 7le Ay 9 S &
e D o AAE AU & S %%%—8— %= B
=3 ok 283 folu ola SollAl= THE S A o]

83 A0l B2 Aol .05 Selers 1A 7] Aol o
SCRER)

LR DL

Aot BRe| 2717} A2k SR ] wheol A EEl 4
T mez Lol goo] A7KE olE Al FEES 0%-48%
of o2, BoIAE AU 8L B RUEL 02 U
A QIER B 2t It B $HE5-R01] whe] AAln}
9L B8 71U AN 45t B ol Sl GBS
of AR/} Y 5 Slck. wrebA] 0 UAIZE H 1Y SHE

d==u

AReER %58 =] Sfaf te2lafol Feh
T3 271 2 Gtely) ) e 2

Weakness

Mouse - Easy genetic manipulation
Rat 0%—45% Easy to handle relatively resistant to infection
Resilient to anesthesia
Rabbit 42%—73% (posterolateral fusion) Most commonly used spinal posterolateral
fusion model
65%—86% (posterior fusion) Adequate size for experiment
Canine 0%—75% (posterolateral fusion) Easy to handle
0%-100% (posterior fusion)
Goat 0%—48% Similar size of the cervical vertebrae
to human spine
Ovine 20%—58% (anterior fusion) Comparable size of the vertebrae with humans
38%—57% (posterolateral fusion)
Swine - Similar to human spine
Primate 0%—33% (anterior fusion) Upright posture

0%—-33% (posterior fusion)

Anatomical homology with humans

Spontaneous fusion unpredictable fusion
period

Vary with size or breed
Limited societal acceptance

Regurgitation of ruminal contents while
under general anesthesia

Regurgitation of ruminal contents while
under general anesthesia

Difficult to handle the skeletally mature
animals

Ethical problems
Difficulties in purchase housing costs
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6) A & 1475-85.
H2l= HE 2yt 717 Q7 fAks ] w2 A -8 3. Drespe IH, Polzhofer GK, Turner AS, Grauer JN. Animal
%, Sul 05ke S ol Oteof thokshA| 7<‘1£H 1 O‘E]-633) ‘??‘_ models for spinal fusion. Spine J. 2005;5:209S-16S.
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