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Abstract

To develop the advanced technologies in medical device industry, design and manufacturing of
cervical cage was performed in Iran for the first time. This research-based industrial project should be
accomplished based on precise biomechanical studies and mechanical tests. Hence, this study presents
the optimization and biomechanical functional investigations of the first lranian cervical cage
(Manufactured by Attila Ortopaed Co.). For this purpose the intact cervical spine (C2-C7) was
developed and was validated with in-vitro experiments. Three inputs (i.e. geometrical parameters of
the cage) and two outputs (i.e. deformation of the teeth in static and dynamic tests) parameters were
selected for optimization procedure. Furthermore, the surgery in C5-C6 level was simulated by
implanting the cervical cage. Finally, the biomechanical responses were investigated. The result
confirmed that the biomechanical response of cervical cage is within the standard range and can be
used well in clinics for surgical procedures.
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2 Spondylosis

3 Pseudarthrosis
4 Lordosis curve
5 In-vivo


www.ijbme.org

Y. 33domn (Sl Sl s ol okt (53l o 39 SS sl (Sl s alllas 5 b 15585

A a8 By e Je 00 5 vt o V] G
FET b s e G4l 5o Sl slo e o S
e Do (Slo e Sgs (gojlll 4 Aty Liledd
uwﬁ,&;ﬁ”/\u”ow&ﬁh}sﬁ&gw
Lol L C2-C7 sl Mlaceals Jols folia sads [Y+]
Sl 3 3 e DI b pllas s Je Vol
o) sk gl ) Sl s V] S
SLES Nl Job QLSS s a8 ks lads
L Moo 0L 5 el LY M s Sk
“odd Jo O 4 by o Soa pUT codpe s ot (sla s
Sy il Jhe golrle SO Sls s
A S ks (V) osled s b il
g (N JK2) 038 5 50ms gl dbe JooSS 5l
(Gl g 5 L3S Ade (S35 ks o e ol
(oSt piSIE 53 ecged VLl jsliS Cod J

28 S B Goe S s il O

ol 0313 anw 55 03,8 3 5dme Sliml G 4w Ja —(V) IS

2 Pzl dadlall sl 4 ol ST el L

et s Al e elsil sun e 4 3 sl ke
S seastme @l p Sl @l 2 S sk
Sloss m Ses 53 ks 25 5 S 2

° Facet Joints

10 Gap Elements

' Anterior Longitudinal Ligament
12 posterior Longitudinal Ligament
13 Ligamentum flavum

' Interspinous Ligament

© Copyright 2015 ISBME, http://www.ijbme.org

slews ol & s e Gl sdane sla LT
s5d $puml Of 4 by e SO

Srmed e Jes Veeer SloE 5558 s SUL
2 ol apie bl oS S ClE L 058 el
S fos s eslizal 5,4 Y &LA@S S ol J
Saup &S Lsde ag Olpl o Sl a8 ol
S a e Olle sl os 4 s L3S 0 L S
ol Claal (Jgams opl Cle o5t 3l o 8l
Sl Cole G s

1525 =S b b bl ileag 5 b )

35 ekd oilwang @§ Sl gy laasdls Y

035 65 Ses gla il

LSy 9 3lse Y

5 ag (C2-CT) 558 s sl Js (s rkf s
&S sl bl Slag dnlp (e LS (IS4
whd a5 @S b 0dd ple LAl
035 b L C5-CB v 3 bgrer ol Jes
AE Gleand G35 S ISl 5 sl e S
s Jpame o) 63 Sas SO 5w Sldlas Solg s
Al bl (g5l o S0 5 =S

VJL.» 55 S5 )5 sgdome lpl Jde —V-Y
b5 (C2-C7) 55 4l sydms gl sdman Je
s Ve GlTel 5 Sl S s Se 5l et
Sl Al s ag (Do YYEL0 e Sl
(AMIRA®) | ol 133l 5 55 din Jio ol 5 sl

W8S e
el DIl S e sl iledie Sl
o5tz (ANSYS® Academic, V. 13) \Y 05,5 KwslST
Sa=b 5o 5l e sge (325 apdoe izl e s s
S b Sl Cubis Wil | Sa5 " il 5 V(6 03
Slosl 5o s g0 Sl Gllae il glae g >

7 Cortical
8 Cancellous


www.ijbme.org

IVAY 5l o o lads A 050 ¢ gy (S (gmoditen dloxo

Y-v

o3l il e (il B Sl skt

Olge « cla“ aw s oodd oL melloaw [YE] aS
&S el (Ko s S0l 5 53555 Jites ls bl
ikl Gb Slys 5 Solal Glag S0 L3 5o 5
b s eslizad s el )b Ol e o ASTM F2077
JusSt Oy se & oy o 3l o) 50 el
St YV (silaang Aol 3 sl A plosl M Lls
Salys ialesl gl ol TV 5 SSliul Jilosl gl
~4e5 08 S|y A3 il ASTM F2077 5l | (3illae
o ol o (bl b b bl sl
Siloiagr oo b os Ad IS baesls gs, VY ess
b i bl ang gla bl Vi g o
odd agy la bl 45 A el G ol o
or Sea bl Sl ul b sl il s L

Aol sl gl

(&)
0 53 el (b 35 5 S SOl IS (= (Y) S
C agilis dbols B ailiis iyl A) (laegr sbo bl (o
(613 J4b

15 Response Surface

16 Full Factorial

17 Quadratic Response Surface
'8 Direct Search

© Copyright 2015 ISBME, http://www.ijbme.org

ol &L@.t J.La 6)\J~§w LS‘J’ A o CS'CG Cb.w
@LI.: L; V.;.UA o 4o G r‘): So 0 ‘)\ JSJ" (G63 gd>ese @L”.:
Lo alie 0Ll dem (g5, AR LST s 3 ilesl

"

Sl dde Cilises gla i SO Sles seat —(V) J g

[YY] Q;Jf EPRE

S Sl g Jde 5!

Exx=11300 MPa, Gx,=3800 MPa,
Vxy=0.484

E,y = 11300 MPa, Gy, = 5400 MPa,
v4=0.203

E;; = 22000 MPa, Gy, = 5400 MPa,
sz:0.203

Ex = 140 MPa, Gy, = 48.3 MPa,
Viy=0.45

E,y = 140 MPa, Gy, = 48.3 MPa, ol
vyz = 0.315 e
Ez; = 200 MPa, Gy, = 48.3 MPa,
vxz=0.315

E=20 MPa,v=0.2

(Mooney—RivIiny L 55 g SaaNols Jue
C1=0.12,C,=0.09, v=0.4999

(Mooney—RivIin) L 5, s KoVl ols i
C1=0.56,C2=0.14,v=1045

Sd Gl

E=5MPa,v=03 Ses sla

&S b bl gleang —Y-Y
st S S ool oo Shas (Sl s s 5l L3
5 abolé ‘Cw)‘ o '1’)-0"’ LSL“JI-“)L LO\J-“:\ 3 ok il

(Y JS8) a5 (laang (S slals Jsb

@\ﬁw\}:@hﬁ;@s@:_&;&ﬁ Sl gz —(Y) J g

DAl
S Dl guas dde gl
E = 3600 MPa, v = 0.4 RS
E=100MPa,v=0.3 Sl yi



www.ijbme.org

YA 33domn (Sl Sl s ol okt (53l o 39 SS sl (Sl s alllas 5 b 15585

$3 8 5 b shamer Jos ileand i YT

ol 5,8 Je L e Jos Goluand Joke o
e 03 Dlen el gl il Gb A Al
s (C5:C8) 5.5 3 ol Jos o 5 ke

(EJS8) 3500 (S Go3 gdone 1ol

Wr m LHSer 5 ol
Vet [ Sgaze 32! Jow
AL
X s
¥ I
L
Ag A
Cr v Cr ¥ Cf-b Cos Crov
() St
W B Lo 5 olxy
Vel YR FE RV
AL
e
hy
Al s
Tﬁ
Cr-v Cr-¥ Cr-a Co-# Cr-v
(@) (pissns’|
W B e 5 oy
\E [ Sgae 13! Joe
A-
¢
oF
9 .
¥l
v
Cr v Cr-¥ Cf-p Co-§ Cs-v
(@) Hr oo o>
\Wor B S 5 ol
V- F Sgazme izl Jow
AL
b 7
| Z
‘| /
%

Cr v Cr_f C¥ _ Co 5 CsV
(3) y97 Gy
Lodles 05,5 3 il Je b sawlis - (1) JSo
(B) (=Shs (A) ks > s [Y¥] in-vitro b3l s

© Copyright 2015 ISBME, http://www.ijbme.org

> J.o.o Solwand 3 gdow gl Jde Y-
e wsdee Gzl Jle S ams Sl e
S35 (C5-CO) mhav S 5o ol axl Sl S
oo bl sl d el gileand Jue
DL Gk gl Oloys sl [YO] "0 il o]
Segs Gl L A oy 5y C5-CB (samb 45 a3 J b
Sl Jer ileand =S ISl 5 Sloge o
b o Sl ekl il 05 mS A S eSS
Sl e 5 O SO Slis geas ol T 8 5150
JR S She oo 03 S (Hlm Jes 5o eslinad 3y
&S a3l 5 abul ol (Y) oled i ol 5,8
Sl 5 ileang Aol b bl (Gl s 558

Lok pons oo LT

S b B9 S g Olallae —E-Y
Sln &5 26 b gl s slbeae Sl
@S oler w Ghares (Hlx Jer Sleand dbe el
Sor Ll Glhas sk il (3 S IE ) p 0
Fesias ) pall SskiS Cod Jde =Y s el sl
Sogee s el O o st asl s
odd sl gla 5 5 S > (g3 sdove @Lﬁ) b S 3

.MG‘ﬁw‘@s‘gd\aﬂﬁ&ﬁ@scL&cﬁn)J

w5 bl v
e 38 5 sme il Jio (6,1 ko gl -
DS et b s 58 sl Sl e mls
AT Lo 0953 Srulesl b alie Tl 5 s (alls
GalS 5o Jb ml Al 4 b aslie [VY]
A 5 il 0 (B RSt (Sl el SIS
D3 LatlesT 53 sl sdalie sl (go3 gdoms 3 (5 om0

(P USKE) s ol Jie S 3l

19 Smith-Robinson
20 PEEK (Polyetheretherketone)


www.ijbme.org

IVAY 5l o o lads A 050 ¢ gy (S (gmoditen dloxo

gu,‘;_ib QlSJo— S48 3 QSJ? (So3 9dmes B Q—l‘

30 AE P oSle e S0l s BB b
r.“.w Jﬁmw))bu L;LQMJ)C6}C5 Lgl.hejg.ﬁ
Cla.w 6LAeJ€_A KE3) u,l'MS u:u“‘j‘)‘ VAJ“JSL‘ J..sl.“nL;A u:'ilﬁ\
e Sa) 3 RSB CS o a b e edd Lrpes
S 53 CB-CT v 3 jslms Sgs .ol (2Y4)F)

v 53 G5 a5 SOl il 81 0l —(F) J gk

C5-CB sid by

= S
. r.g ', Y Baw s‘ o“ *
So

s

C5 ¢ jgn prlans YA INeY YA 7.0,A
RSP A T AL Z WAL A%
C4A-C5 Sews IV AR Y SA VA

C6-C7T Kews /AN JAN  T0A /¥0

S g S gy -t
las 5 325 =S b leaiey @lp G o
okl () ams ssdee Glil Jle e pl s
o3l Cllas >l fos dul B U plles 5 Al w05 5
34 30 Ql.c)Uo\l{rJL.u;fé S J Tl Gamlis Al
oy il o Al ) Jde G (i Slusl s
O O Sl Sldlas gl Jde o3l esland
BBl Jes ileand Sl ol e S
S Gesgdewe &S by Ol SOl s sl wy
S5 S5 eis o sge U pss o sge 5038 5 Sl
LM‘ L‘Jf:&lﬁ QSJ} )J //\/‘\ j/\’~/\/ c/\o/Y ‘/YY/Y’

© Copyright 2015 ISBME, http://www.ijbme.org

Y.q
Vo
-0 ol Jow
AL ke (Pl low Joe
¢ L
2,
L} ‘l
vl
Cr_v Cy-¢ Cf-n Co-§ Cs-V
() sl
V- r
== pllw Joo
Ar e (Pl om Jewe
I ? i
¥
£
Ag
Cy_y Cr_¥ Cfo Co s Cs v
\.
—o Wl Jus
At kPl o S
s
2,
2 s
vl -.'A .......... A
Cy_v Cr—f Cf-n Co—s Cs-v
() Sl oo o5
‘1.
—o v
AL ke P low Jee
9 For
§
¥l )
‘A
Yl

Cr_v Cr_¥ Cf-b Co-5 CF-V '
(8) Gy970 oy

)LQ._Q}VJL,: 343 LS (Gedgdome il Shlie —(8) |3
(€) eyl (B) 25k (A) kS = 53 ol Jos Sl

Sozme o (D) 5 Sl 0Ad o


www.ijbme.org

Y\ 33doe slir) Sl o ol 0l (53l o 53 S S ol SO g aslllae 5 b 19385

Slinlas 5 Solial Sk, gy 55 Jie cpl 45 dilesls
5 Sy sl s lp BT el cbie Sl
5 SVl Sy Glaguss Ol 4 anls S, )0
e Shoms w0 5 b odites Sawlis [TE] SVl 5
sl o SVl g il (oS
Woohd o by s 0l SaalVly 5 SV S
ol B e 055 Ol anly Ll paes 0
Solwand Aarer (Al Jes 03 Cledsd G
T S b sk DL (aate 2 L g e
Olpl 53 &8 Ao Jos ol S 38 33 8 S 50l
plo OF O3 5 SW cwad b Ll o el Jglize 50
3K A g 2ose S olen 4 S el S
DB g 3y edul Slidew 53 OF & bg e e Js
C S er 4 s s s 235 el
b8 el 1B e 20 el i 55 e (g5l
Sl g Dlallas o (b oleang Sl
gl wdd Gl 535 &5 2l dsame s
b Sessds o Sl g Olallas kol s> S
srge) ol (3l ol 538 SlagS L el A1S
bassloans opl Shilge 4 Sl (Goiw Slosl s
il Gbdses G, g il SO sla il
Las bl b ills 55 0T s 5 A plowil S cpl (50
o des 03 KlS s 25 e ol WL
Of 4 bg e las il gilae 5 5,8 13 eslizal 5,5

Ailad CulB) 3 g ge ol slad s

SIS ol -0
el sl ST Ol 25l S8 Sale b Gadow
SO 5035 bl win Jdo w0 by e Sledbl s
Lalesl sllel 5 Sl s Se Sledbl
sads sl Cow Olplb e oKl Y SO
Ay DL Sl dewsends i plsaal TSl

2 Jaw-Lin Wang

© Copyright 2015 ISBME, http://www.ijbme.org

S essdome ialS [P i Oldlas s
LSLAG'; 03 4 Caledd iS58 Asys OY BVO
Ao VB et s s 3 sds al g sl
&S 53 Shes SialesT 2 WA 0] colaxils 53
s D3 edd (bl GlagS (o35 53 257 & Sl o
s 5,y glasslibial gles sas >~ b &S 2l Ll
osle cpl anext Nl oyl dd astle 08 5151 L e
il Dl 5 (608 Ol w5
Gol B 555 e sl sl e (ES3600MP) o
iV ol a8 B sl S 0 7 i blas
S e e 0L @Swl S s e C:Lg @)
(S SIS 53 S R S 5l 5 b &
doys Yoospde 5101 Olge s cas e 5y S
ol el eSS J s AS e sl
Conlod sdalie 50 Ao pn 00 s U al8 i ool
Ol adlae s edd sdalie A5 Il Ol [F]
33 S5 bl by S gl S ol o
65 godre Gl Wdlminl bcdls dalssd s Las e
N N T F T W P O P Vi POV
Slae e by Ohlew gl p ahewy il eslandl oS
o 2lsm 05 gl Lesledd s S S, 55l
ShdS bzl 5 edd o plil dgeams 5305 53 G as
s 3 e 1 g s e nl s 00l

Dl G55 SR (m ee Sl slaglan
sl ;3 &S Was o SIS 1 ol sbSss 3
L Slom Bl &S Sl mb Gl Brer A
Wdcnll a5 e sl (LS o 85 @ e
BENVA RS IR ) B R ool ey @Lﬁ
Sladlles 53 a5 ol gasluilnl go5L s (OIS > (gads
IFe YA] ook salin o (g3l slagesS

me ool Lol 4 &S sy placus o G ol
L 5oS dbe 3 Gl e Sws SSIG Sl 550
Ol asdS Gldlas coslods Jbo SVl ola (555

2! Stress Shielding


www.ijbme.org

IVAY 5l o o lads A 050 ¢ gy (S (gmoditen dloxo

AR

[11]P. C. Fernandes, P. R. Fernandes, J. O. Folgado, J.
Levy Melancia, “Biomechanical analysis of the
anterior cervical fusion” Comput Methods
Biomech Biomed Engin, Vol 15, No 12, pp 1337-
46, 2012.

[12] M. Nikkhoo, M. Haghpanahi, M. Parnianpour, J.
L. Wang, “Dynamic Response of Intervertebral
Disc During Static Creep and Dynamic Cyclic
Loading: A Parametric Poroelastic Finite Element
Analysis” Vol 25, No 1, pp 1-9, 2013.

[13]D. R. Epari, F. Kandziora, G. N. Duda, “Stress
shielding in box and cylinder cervical interbody
fusion cage designs” Spine Vol 30, No 8, pp 908-
14, 2005.

[14]Z. C. Zhong, S. H. Wei, J. P. Wang, C. K. Feng, C.
S. Chen, C. H. Yu, “Finite element analysis of the
lumbar spine with a new cage using a topology
optimization method” Med Engng Phy Vol 28, No
1, pp 90-98, 2006.

[15]F. Kandziora, R. Pflugmacher, J. Schéfer, C. Born,
G. Duda, N. P. Haas, T. Mittimeier,
“Biomechanical comparison of cervical spine
interbody fusion cages” Spine Vol 26, No 17,
pp1850-7, 2001.

[16]C. Adam, M. Pearcy, P. McCombe, “Stress
analysis of interbody fusion — finite element
modeling of intervertebral implant and vertebral
body” Clin Biomech Vol 18, No 4, pp 265-272,
2003.

[17]1T. R. Oxland, T. Lund, “Biomechanics of stand-
alone cages and cages in combination with
posterior fixation: a literature review ” Eur Spine J,
Vol. 9, Suppl 1, pp. S95-101, 2000.

[18]S. Vadapalli, K. Sairyo, V. K. Goel, M. Robon, A.
Biyani, A. Khandha, and N. A. Ebraheim,
“Biomechanical rationale for using
polyetheretherketone (PEEK) spacers for lumbar
interbody fusion — a finite element study” Spine
Vol 31, No 26, pp E992-E998, 2006.

[19]H. Ritzel, M. Amling, M. P&sl, M. Hahn, G.
Delling, “The thickness of human vertebral
cortical bone and its changes in aging and
osteoporosis: a histomorphometric analysis of the
complete spinal column from thirtyseven autopsy
specimens”, Journal of Bone and Mineral
Research, Vol 12, No 1, pp 89-95, 1997.

[20]N. Yoganandan, S. Kumaresan, F. A. Pintar,
“Biomechanics of the cervical spine. Part 2.
Cervical spine soft tissue responses and
biomechanical modeling” Clinical Biomechanics
Vol 16, No 1, pp 1-27, 2001.

[21]S. Kumaresan, N. Yoganandan, F. A. Pintar,
“Finite element modeling approaches of human
cervical spine facet joint capsule” Journal of
Biomechanics Vol 31, No 4, pp 371-376, 1998.

[22]N. Toosizadeh, M. Haghpanahi, “Generating a
finite element model of the cervical spine:
Estimating muscle forces and internal loads”
Scientia lIranica B Vol 18, No 6, pp 1237-1245,
2011.

© Copyright 2015 ISBME, http://www.ijbme.org

Sl g oKiulesl Gliis 5 0L gmiils 5 Sy ol

Bydr G 5 S JLS Olpb e oS5 Y

Uh@-)a -1

[1] A. Muheremu, X. Niu, Z. Wu, Y. Muhanmode, W.
Tian, “Comparison of the short- and long-term
treatment effect of cervical disk replacement and
anterior cervical disk fusion: a meta-analysis” Eur
J Orthop Surg Traumatol, Published online (May
5), 2014.

[2] D.E. Bullard, J. S. Valentine, “Early Morbidity of
Multilevel Anterior Cervical Discectomy and
Fusion with Plating for Spondylosis: Does the
Number of Levels Influence Early Complications?
A Single Surgeon's Experience in 519 Consecutive
Patients” Evidence Based Spine Care Journal Vol
4, No 1, pp 13-17, 2013.

[3] K. Kotil, R. Tari, “Two level cervical corpectomy
with iliac crest fusion and rigid plate fixation: a
retrospective study with a three-year follow up”,
Turk Neurosurg Vol 21, No 4, pp 606-12, 2011.

[4] H. M. Heneghan, J. P. McCabe, “Use of
autologous bone graft in anterior cervical
decompression: morbidity & quality of life
analysis” BMC Musculoskelet Disord Vol 10, pp
1-7, 2009.

[5] J. S. Uribe, J. R. Sangala, et al. “Comparison
between anterior cervical discectomy fusion and
cervical corpectomy fusion using titanium cages
for reconstruction: analysis of outcome and long-
term follow-up” Eur Spine J Vol 18, No 5, pp 654-
62, 2009.

[6] H. C. Pan, Y. C. Wang, et al. “Hollow bone
cement filled with impacted cancellous bone as a
substitute for bone grafts in cervical spine fusion”
J Clin Neurosci Vol 14, No 2, pp 143-7, 2007.

[7]1 K. J. Song, S. J. Yoon, K. B. Lee, “Three- and
four-level anterior cervical discectomy and fusion
with a PEEK cage and plate construct” Eur Spine J
Vol 21, No 12, pp 2492-7, 2012.

[8] C. C. Niu, J. C. Liao, W. J. Chen, L. H. Chen,
“Outcomes of interbody fusion cages used in 1 and
2-levels anterior cervical discectomy and fusion:
titanium cages versus polyetheretherketone
(PEEK) cages” J Spinal Disord Tech Vol 23, No
5, pp 310-6, 2010.

[9]1 A. Zagra, L. Zagra, L. Scaramuzzo, L. Minoia, M.
Archetti, F. Giudici, “Anterior cervical fusion for
radicular-disc conflict performed by three different
procedures: clinical and radiographic analysis at
long-term follow up” Eur Spine J Vol 22, Suppl 6,
pp S905-9, 2013.

[10]F. J. Aslani, D. W. Hukins, D. E. Shepherd,
“Effect of side holes in cervical fusion cages: a
finite element analysis study” Proc Inst Mech Eng
H, Vol 225, No 10, pp 986-92, 2011.


www.ijbme.org

Y\Y 33doe slir) Sl o ol 0l (53l o 53 S S ol SO g aslllae 5 b 19385

[28]J.1. Park, D. C. Cho, K. T. Kim, J. K. Sung,
“Anterior cervical discectomy and fusion using a
stand-alone polyetheretherketone cage packed
with local autobone: assessment of bone fusion
and subsidence” J Korean Neurosurg Soc Vol 54,
No 3, pp 189-93, 2013.

[29] A. Nayak, M. I. Stein, C. James, R. B. Gaskins, A.
Cabezas, M. Adu-Lartey, A. E. Castellvi, B. G.
Santoni, “Biomechanical Analysis of An Interbody
Cage with Three Integrated Cancellous Lag
Screws In a Two-Level Cervical Spine Fusion
Construct: An In-Vitro Study” Spine J Published
online, 2014.

[30]M. Dagli, U. Er, S. Simsek, M. Bavbek, “Late
results of anterior cervical discectomy and fusion
with interbody cages” Asian Spine J Vol 7, No 1,
pp 34-8, 2013.

[31]M. Cabraja, S. Oezdemir, D. Koeppen, S.
Kroppenstedt, “Anterior cervical discectomy and
fusion: comparison of  titanium and
polyetheretherketone cages” BMC Musculoskelet
Disord Vol 14, No 13, pp172, 2012.

© Copyright 2015 ISBME, http://www.ijbme.org

[23]M. M. Panjabi, T. Miura, P. A. Cripton, et al.
“Development of a system for in vitro neck
muscle force replication in whole cervical spine
experiments” Spine (Phila Pa 1976) Vol 15, No
26, pp 2214-9, 2001.

[24]M. Nikkhoo, Y. C. Hsu, M. Haghpanahi, M.
Parnianpour, J. L. Wang, “A meta-model analysis
of a finite element simulation for defining
poroelastic properties of intervertebral discs” Proc
Inst Mech Eng H, Vol 227, No 6, pp 672-82, 2013.

[25] G. W. Smith, R. A. Robinson, “The treatment of
certain cervical spine disorders by anterior
removal of the intervertebral disc and interbody
fusion” J Bone Joint Surg Am Vol 40, No 3, pp
607-24, 1958.

[26]E. C. Benzel, “Biomechanics of cervical spine
surgery for tumor and degenerative diseases”,
Neurol Med Chir, Vol 37, No 8, pp 583-93, 1997.

[27]1C. A. Dickman, P. J. Apostolides, D. G.
Karahalios, “Surgical techniques for upper
cervical spine decompression and stabilization”
Clin Neurosurg Vol 44, pp 137-60, 1997.


www.ijbme.org

