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Comparative Analysis of Biomechanical Behaviors on Lumbar with
Titanium and Carbon Fiber Reinforced PEEK Connecting Rods for

Fusion Surgery

Hye-Sung Seo*, Hae-Seong Kang*, Houng-Jae Chun*'

ABSTRACT: The lumbar spinal fusion is a treatment performed to restore the stability of the degenerated lumbar. In
this study, the intervertebral discs between two or more segments are removed and a bone graft is inserted to harden
the segments. The pedicle screw system is inserted to vertebral bodies to fix two or more segments so that they can
be firmly fused. In this study, a total of 7 patient-specific lumbar finite element models were created and pedicle screw
systems were installed. The connecting rods made of titanium and CFR-PEEK was inserted to the generated models.
Finite element analysis was conducted for four representative spine behaviors and statistical analysis was performed to
investigate the biomechanical effects by the material properties of connecting rods. The intradiscal pressure of adjacent
segments and the range of motion of the joints of each segment were investigated. In the subjects who used CFR-
PEEK instead of Ti for connecting rods, the intradiscal pressure of adjacent segments tend to decrease and the range
of motion of each segment tend to increase. However, no statistically significant difference in tendency was observed
under all loading conditions.
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Table 1. Material Properties

c ‘ Young's Modulus Poisson's
omponen
P [MPa] ratio
Ex=11,300, Ey=11,300,
* 4 Vvxy=0.484
Cortical E2=22,800 2=0.203
i vxz=0.
Gx=3800, Gy=5400, 27=0.203
Gz=5400 vyes
Ex=11,300, Ey=11,300,
* 4 vxy=0.484
Ez=22,800
Cancellous vxz=0.203
Gx=3800, Gy=5400, 720203
Gz=5400 vye=s
Posterior 3500 0.25
Nucleus pulposus 1 0.49
Annulus fibrosus
4.2 0.45
(Ground substance)
Annulus fiber 360-550 0.3
Facet 35 0.4
Anterior longitudinal 7.8 (<12%), 20 (>12%) 0.3
Posterior longitudinal 10 (<11%), 20 (>11%) 0.3
Ligamentum flavum 15 (<6.2%), 19.5 (>6.2%) 0.3
Capsular 7.5 (<25%), 32.9 (>25%) 0.3
Interspinous 10 (<14%), 11.6 (>14%) 0.3
Supra spinous 8 (<20%), 15 (>20%) 0.3
Intertransverse 10 (<18%), 58.7 (>18%) 0.3

S 93 TEE P 25 v
A8 LS A zFsich L4-L5
Aol 9] Supraspinous, Interspinous, Flavum, Posterior
Longitudinal 10} A 7|5}%ieh. 5 H3A) Afole] 7kt
o] ePds] A|AE 2w PEEKA] Alo] A7} 4+ = it =i
w29 @o}o] Bonegrafte} XA Abo] o] §4-& %715}
B2 A4 447 o] L4 Aol Fuat Ls Siwe] Fu
& AABKATE. W2 JAES SR Sagittal planeol
A 10° 9aFe] 242 o] £ ARSIt B LAk
AR AR 2 R Sestetath MR LARE 9
FA4| Abo] 2+E 3t Bony fusiong & 5}7] 913l 24 2
AR B S v HF A LA e] S ol 4
] l=E=55 Node sharing2 &3 YAIAIZITE 2574 WA
520] 272 5.0 mm, 20} 40 mmo|s 227 YA Head
o] 2742 6.5 mmo]il 10 mmo|th. A7 AR A=
£ 7129 AT AH Heg o2 shylth. A48 EEbE
7} CFR-PEEKZ 717} 21.85}93c}. CFR-PEEKS | ZH] 30%
o B A AHgSeTH

W AT MEH EUS g-T 3319 A 24 (C3DS)
2 Apgato] ARSI i 2w 349 Eels 2%
(T3D2)E Sall st o, dstaolnt 2-83tAE A

(b) Pedical screw

(c) Spinal fixation rod

Fig. 2. Finite element model of treated lumbar; (a) Cage with
bonegraft inside (b) Pedical screw, (c) The spinal fixation
rod made of Ti
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Fig. 3. Loading conditions used in this study; (a) Flexion (b)
Extension (c) Lateral (d) Axial
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Flexion, 7.5 Nm®| Extension, 7.5 Nm®| Lateral bending 71
)11 7.5 Nm&] Torsiono| 7}8j 21t} A4 o] BAE £33 5}
7] glao] 400 Ne| 22al5S Fhsack 251E2 13-
L5 2z} 27 9] Z} 754l 274 Reference pointS u}
2} Following load= 4743} c}.

2.5 At 2o

E AGo A 73 Q4 mdL 7o tfsto] El el A
2% 44 nd, CFR-PEEK dZ4% 2§ 24 3 F72 F
14747} ZH =] i}, 1 7He] S A A o &2 f-2fu| gt Aol
£ ZAFSH| 913 Mann Whitney U-test 57| 418 A4
SHRiTt. o= & A 7|7} 2oL o] gt JE7F B
gt 7 f-oll A== W olth & X13Y3E 13-14, 14-15
I 80| tiste] S7Ft 79 85 51 ©@E5-(Herniation
of intervertebral disk) 2 E|gJA] Z=7+2+o] BlAIsElEo0| =7}
g 4= Q= 7 ] & (Intradiscal pressure, IDP)Q} E74
A EE A B9 Flo] $ESFS 24l B 05
*J(Range of motion, ROM)YS Z+7+ ZARSIAL SAA O 2 &

ofulgh 2fol7} YEAE BASAT.

®) PDHt /

(¢) ADH

()EPDu

() VBHp

(d) EPDI

Fig. 4. Geometric parameters in Lumbar; (a) Upper width, (b)
Lower width, (c) Upper depth, (d) Lower depth, (e) Ante-
rior height, (f) Posterior height, (g) anterior disc height,
(h) posterior disc height

at

o it St A -3k 1482 A& o] CFR-PEEKY
o TiQl 74-9-ofl vjsf L3-L4 +49] IDP= Aaskqlal &4
oAl ROM2 F7F5F3AT . tha 778 9] Aol tisho] Z¢
80| 4] IDP % ROM| Ho}lars WS- LEphd Zlo|th

H|3L o] % 9] ghofl tijsto] AR {on S &4
S3ith. th Table 6= 315 2710]] W& IDP 4 ROM 2%
of t3}¢ Mann-Whitney U-test§ AA|3H A}t

Table 2. Changes of IDP and ROM of segments under Flexion

Case | L3-L4IDP (%) |L3-L4 ROM (%) | L4-L5 ROM (%)
1 0.077459334 | -0.212156026 | -0.36208063
2 0715015322 | 0.402058821 | -1.825180587
3 0247458534 | 0.259812149 | -2.190007429
4 0215169446 | 0229651222 | -1.541376277
5 -0.722673893 | 0.440345768 | -2.876725051
6 0.382043935 | 0.315252632 | -3.080470903
7 1985659129 | 2.530285261 | -17.95392494

Table 3. Changes of IDP and ROM of segments under Extension

Case | L3-L4IDP (%) |L3-L4 ROM (%) | L4-L5 ROM (%)
1 0.815789474 | -0.423511809 | 4.472427269
2 1178082192 | -1.266888546 | 42.16559553
3 1.298701299 1.64053671 -45.26796901
4 2.471383975 1640616416 | -16.06176906
5 1.677960632 1411167492 | -24.87909916
6 1.349741961 1323663299 | -58.71601346
7 1.844004883 1967323265 | -18.46783279

Table 4. Changes of IDP and ROM of segments under Bending

Case | L3-L4IDP (%) |L3-L4 ROM (%) | L4-L5 ROM (%)
1 6.395094174 3.912760273 -12.22750764
2 6.441351889 2.152232862 -7.674023769
3 6.287902968 4.798084613 -18.6577432
4 4.224860335 6.964770087 -20.16977272
5 5.07855316 2.722847164 -17.36933007
6 5.688763517 5.382838565 -20.74937972
7 3.543123543 3.726648505 -22.45869584
Table 5. Changes of IDP and ROM of segments under Torsion
Case | L3-L4IDP (%) |L3-L4ROM (%) | L4-L5 ROM (%)
1 4.72972973 3.832585132 -7.577566523
2 8.72656755 3.090747881 -7.40216075
3 -0.486381323 1.922576312 -6.060198828
4 0.606354596 4.122273449 -13.00029381
5 2.635445363 21.98376239 -13.26051203
6 0.902934537 2.35774377 -8.139555121
7 3.608349901 9.079853035 87.70168254
SAA A4S AN A9 e 2A fofgES
] L.

Ti 4 9] RodS CFR-PEEKZ
ROMO|| A B 12 Hofs B
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Table 6. Changes of IDP and ROM of segments under loading

conditions
Case Significance probability
L3-1L4 IDP 0.749
Flexion L3-L4 ROM 0.749
L4-L5 ROM 0.482
L3-L4 IDP 0.565
Extension L3-L4 ROM 0.848
L4-L5 ROM 0.749
L3-L4 IDP 0.482
biﬁfg L3-L4 ROM 0.482
L4-L5 ROM 0.277
L3-L4 IDP 0.565
Torsion L3-L4 ROM 0.482
L4-L5 ROM 0.565
4.7 2
B Ao 227 LA AATE 1R 70 3
WEY A% 3 0k RUS ARSI A2E AR T
CER-PEEKE 717} 268 F @ 24 )42 A5}
of H77 LA A do] 8ol nA|t oJFoHy JFL
5—/\}6}9\"1‘:}- o|% FAA 7IWS 83t vuE Bl AHE
of WhE Foulgt FFFe ARE EA sk
747d0] @& CFR-PEEK A12-5-5 AME-3E 2HA&52 Tidf

H|3l Q15 4 IDPELE Wopx|al BE fA o 4] ROMgE
2 =olx|&= ZgFo] Q1) 18|yt Mann-whitney U-test 2
7} 5 218 Afo]o] ARIAE 71217 ghol CER-PEEK %)
Ao Abgol W ol3shd i AL SElA &

ofulst AL obd e BHelstgicy.

71% QTSN Lrehgizo] AA%e] Z4o] oAt
A% Qg B Hel] GRS F 4 Qs FaT gy
AEEo] AL TS AT 5 Aoek TPl = B

F5an Ti A o] CERPEEKE wAElt 79-9] o334
o] BATAOR Fofulat szl o|2x] Eatglo
23 2k R0 2] ol @] 91o] g 4
e ALl dhstol FHATIL BRG 5 ek

A Aol mE fakas d4ol QA o)A A

B8 BolbA B 4 1o, 7144 SRt we] FEE

bl Agstn met AAA9 8% A2 Bl fae
O

alg
2§ 2405 22 Am 9 APA A el anHos
8 4= Qlrkal HojXITH15,16].

o] Q= 20163 A Ao FrATAIEe] X9

& wbo} aEl 7% AT ALY tHNo.2016R1A2B3012850).
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