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Subsidence of Polyetheretherketone Cage
after Anterior Cervical Fusion

Yong Min Kim, M.D.~, Kyu Won Oh, M.D., Dong Soo Kim, M.D., Eui Sung Choi, M.D., Hyun Chul Shon, M.D,,
Kyung Jin Park, M.D., Byung Ki Cho, M.D,, Ji Kang Park, M.D., Ho Seung Jeong, M.D., and Jung Wook Oh, M.D.

Department of Orthopedic Surgery, Chungbuk National University School of Medicine, Cheongju, Korea

Purpose: The purpose of this study is to evaluate the rate and direction of subsidence that occurred after anterior cervical discectomy and
fusion using the polyetheretherketone (PEEK) cage and to analyze the risk factors of subsidence.

Materials and Methods: Thirty two patients (36 segments) who underwent anterior cervical discectomy and fusion using the PEEK cage
and autologous cancellous iliac bone graft from July 2003 to November 2011 were enrolled in this study. anterior segmental height (ASH),
posterior segmental height (PSH) and cage corner distance (CCD) were measured on plain radiographs. Subsidence was defined as >2
mm decrease in the average of ASH and PSH at the final follow up compared to that measured in the immediate postoperative period. A
decrease of more than 3 mm was defined as severe subsidence for further statistical analysis.

Results: Subsidence of more than 2 mm was observed in 14 segments (38.9%) and severe subsidence (>3 mm) was observed in seven
segments (19.4%). The direction of subsidence was examined by comparison of means of decreased ASH and PSH and anterior subsidence
outweighed posterior subsidence (p<0.001). Examination of CCD showed that inferior subsidence was more frequent than superior
subsidence (p<0.001, p=0.047). Among the suspicious risk factors for subsidence, intraoperative disc space distraction (anterior distraction:
p=0.031, posterior distraction: p=0.007) and height of inserted cage (p=0.032) showed statistical significance.

Conclusion: Considerable incidence of subsidence was observed after use of the cage. Using a cage of appropriate height and prevention
of intraoperative over-distraction of disc space will be helpful to prevention of subsidence of the cage after anterior cervical discectomy and
fusion using the PEEK cage.

Key words: anterior cervical fusion, subsidence, PEEK cage, segmental height
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Table 1. Data Profiles of the Non-Subsidence Group
Segmental height (mm) i Cage diameter  Cage height

Patient No.  Lv*

Preoperative Postoperative  Final follow up (mm) (mm)
1 4 33.32 35.29 33.89 3.2 2.54 1.42 14 6
2 5 33.89 34.42 32.56 12.6 1.00 0.06 12 6
3 3 33.94 35.11 33.47 7.7 2.10 0.26 12 5
4 6 30.40 30.71 29.28 -4.3 -0.27 0.87 12 5
5 5 27.63 31.12 29.44 3.9 4.08 2.89 14 7
6 6 30.37 33.51 31.70 18.0 5.22 1.06 14 6
7 6 32.94 33.65 32.79 5.7 1.00 0.41 14 7
8 4 32.32 36.61 34.98 0.9 4.28 4.30 14 6
9 5 29.66 35.58 35.05 6.7 6.83 5.01 12 7
10 5 32.15 33.95 32.34 54 2.71 0.91 12 6
1Al 6 31.71 33.55 32.47 8.7 3.14 0.55 12 7
12 4 37.15 39.26 37.81 0.2 2.01 2.22 14 7
13 4 32.98 34.89 33.91 4.2 2.62 1.20 14 6
14 5 31.21 32.97 31.79 111 2.37 114 12 6
15 4 28.86 30.88 30.18 5.7 2.79 1.25 12 6
16 3 33.83 35.56 34.43 1.1 1.90 1.56 12 6
17 5 38.96 39.74 38.25 -7.1 0.34 1.23 14 7
18 5 29.28 30.13 29.46 8.0 1.51 0.19 14 6
19 3 33.42 34.63 33.90 1.5 1.15 1.27 12 6
20 4 32.90 33.68 32.22 0.4 0.61 0.95 12 6
21 5 34.41 36.95 36.52 6.8 3.23 1.85 14 7
22 5 34.26 35.76 34.56 3.0 1.93 1.06 14 7
Average 32.53 34.41 33.21 4.6 2.35 143 12 mm: 11 5mm: 2
14 mm: 11 6 mm: 12

7mm: 8

“Level of segmental fusion. 'Difference between preoperative and postoperative sagittal angle. *Anterior distraction of disc space. *Posterior
distraction of disc space.
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Table 2. Data Profiles of the Subsidence Group

Polyetheretherketone #Al0| 2] H7¢

Patient No.  Ly* . Segmental height (mm) . SA' () AHP®  Cage diameter  Cage height
Preoperative Postoperative  Final follow up (mm) (mm) (mm)
1 6 31.61 34.72 30.82 10.7 3.70 2.52 14 7
2 5 31.66 34.65 28.14 3.8 3.68 2.30 14 7
3 3 37.15 37.88 33.90 5.4 1.44 0.00 14 6
4 4 33.81 37.28 33.32 5.8 4.39 2.54 14 7
5 5 28.38 30.70 28.32 41 2.75 1.88 14 5
6 5 32.84 37.77 34.90 1.1 4.65 5.20 12 6
7 5 30.76 33.36 30.02 4.8 3.14 2.04 12 7
8 6 34.82 37.58 35.32 6.7 415 1.38 14 7
9 4 32.39 35.97 33.11 1.8 4.79 2.39 12 7
10 6 34.22 36.95 32.66 10.7 4.36 1.1 14 7
11 3 29.04 31.31 28.69 -1.8 2.53 2.00 12 7
12 5 30.08 35.13 32.14 3.9 6.08 4.03 12 6
13 6 31.17 32.89 30.59 -3.1 0.82 2.62 14 6
14 5 29.78 31.99 29.53 0.3 1.89 2.52 12 7
Average 31.98 34.87 31.53 3.9 3.46 2.32 12 mm: 6 5mm: 1
14 mm: 8 6 mm: 4
7mm: 9

“Level of segmental fusion. 'Difference between preoperative and postoperative sagittal angle. *Anterior distraction of disc space. *Posterior

distraction of disc space.
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Preoperative Postoperative Final follow up

Figure 3. Segmental height variation in the subsidence group.
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Table 3. Variables Contained in Logistic Regression Equation of Subsidence over 2 mm
Degree of freedom

B Standard error
A SA* -0.143 0.150
AHAT 0.724 0.563
AHP? -0.040 0.625
CageD® 0.115 0.418
CageH' 0.279 0.663
Sex -0.438 1.158
Age -0.003 0.034
Constant term -4.925 6.917

Wals
0.912
1.652
0.004
0.076
0.178
0.143
0.009
0.507

AR - eqftd - e 2 78

1

1
1
1
1
1
1
1

p-value

0.340
0.199
0.949
0.783
0.674
0.705
0.923
0.476

Exp (B)
0.867
2.062
0.961
1122
1.322
0.645
0.997
0.007

*Changes of sagittal angle after operation. 'Changes of anterior segmental height after operation. *Changes of posterior segmental height after

operation. *Diameter of the cage. "Height of the cage.

Table 4. Bivariate Analysis of the Risk Factors of Subsidence over 2 mm
Mann-Whitney U

Cage depth 127.500
A SA* 147.000
AHAT 92.000
AHP* 75.000
CageD® 153.000
CageH' 122.500

Wilcoxon W

403.500
252.000
368.000
351.000
429.000
398.500

Z

-1.049
-0.439
-2.162
-2.697
-0.290
-1.345

p-value

0.294
0.661
0.031
0.007
0.772
0.179

*Changes of sagittal angle after operation. 'Changes of anterior segmental height after operation. *Changes of posterior segmental height after

operation. *Diameter of the cage. "Height of the cage.
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Table 5. Variables Contained in Logistic Regression Equation of Subsidence over 3 mm

B Standard error
A SA* 0.164 0.169
AHAT -0.263 0.632
AHP? 0.221 0.793
CageD® 0.287 0.588
CageH' 2.532 1.481
Sex 0.542 1.515
Age -0.004 0.045
Constant term -22.494 12.479

Wals
0.948
0.173
0.077
0.239
2.921
0.128
0.008
3.249

Degree of freedom
1

1
1
1
1
1
1
1

p-value Exp (B)
0.330 1.179
0.678 0.769
0.781 1.247
0.625 1.333
0.087 12.577
0.720 1.720
0.931 0.996
0.071 0.000

*Changes of sagittal angle after operation. 'Changes of anterior segmental height after operation. *Changes of posterior segmental height after

operation. *Diameter of the cage. "Height of the cage.

Table 6. Bivariate Analysis of the Risk Factors of Subsidence over 3 m
Mann-Whitney U

Cage depth 98.500
A SA* 79.500
AHAT 77.500
AHP 84.000
CageD® 82.500
CageH' 55.500

m

126.500
544.500
542.500
549.000
547.500
520.500

Wilcoxon W

Z p-value
-0.252 0.801
-0.989 0.323
-1.067 0.286
-0.815 0.415
-1.010 0.312
2141 0.032

*Changes of sagittal angle after operation. 'Changes of anterior segmental height after operation. *Changes of posterior segmental height after

operation. *Diameter of the cage. "Height of the cage.

N
ol
o

T

I
ox

NI
oM,
2
o
i i
o0 -{g{
filo
fol
)
>
i)
> %0
30
Kl
[
e
H
AW
rE
1 ol o
NN
oo m
ox Jo
RN

1o
=)
fujr
E
§2
rlﬂr‘
K
A
oz
ok
T
=)

[ ;_‘
-
o
)
)
Ry

oX ¥ rlr oo,
oy N 2 ook Jo fr X oox

(R
o
2 rlo
Ly
oy o
B>
Lo
o o
Sk ol
rO _04
o
Mo
% o
o 1o
Mol
08;:’ _lgd
oL I
g 2
I E‘ﬁ
(T
s o 12
N[0 me
3l o
g o o
L1 —lo 9_>Z

|
2
il
2
>
oM,
e
[
o
rl:l
rE
oglt
o
o
§
mﬂ.’.
2';
]
TST o
T
}11 o.
ol
58
X o

Aow A% Fut
540l chske] 2 wst
Holl ]3] 2% 3] A Baol7t F7hel ez 4]
7ol WG P& HF 24 BAol7t & Wt vlmste] §

gk 2tol7t lrks A7 =EH AT S Aol EAsk Ao
=

¥ o
)

;
re ;
re
-1
<
>
H-T ;O
o
o
o
&2,
rr

o 2
o = Mo w

¢}

>
il
o
oo
olf
ol
)
i)
N
N
17
it
I
(
i
of

4
BAS 47] 341 Foto] setstel Ho] YHH Fade
sfobshol 2 5102 AZEic,

3

oy ok

o o 2

oft
-

o oX Mo K 32 ox =2 rfEl oo
i
o

Aekrl 7o

oo

)
HUHD Y e 1
W Mo o

)

fiy

A=)

ol
=5
2
)

Ry

ol
=5

ox o
2

(o

fu

i

El

o

s

%0

1

A 4% Aok opxet &
Sl g 07 S g7o) W] Abol7h Glex S B4

g,

of.
el
i
o
2
2
2
0,
ki
o

ot
o
oX,
ok
ol
NIVl
ol
-

e melstel, Wy 9l
AT Aol wAe] A2t
T Aol Ao 2y % F ol B ARy
7ol ol ghol WAk, o|3Al
QLo 2L A% Agke] Bzt B9l

Alol| A 2] ASHO} PSHO| ¥3tE

-101[
y oL O
o&
i
L
rE
_O'Lt‘
)
rr
iih)
=)
N
il
T
fit)
32
N
S}

2 235kl 4
AN

£
o
rr
2
ok
)
s
¥
o
_=

ol
ol
19
it
)_.1[
N
N
o
o
=
ol
ol
rr
1)
z
rE
flo 4

R
=)
moox
=2
>
ik
ox
ol
Kl

Ir o
i)
2

rr o

ol
sy

ooy M

o
L=

L

f
i
.
32
R
=

e Y o

oflt

Zx0] o]g Yo7 ol5la] 1 SHAI7}F 9tk
L TERA 2 Ao A Aol x|~ A 2] ARjehe AR
o

FYHFH A, 1Y W BE



83t SR Afolofl
]16}01 Solis 7'"011] 1*01 Shell AloJA] 1
© 20| 7to| Wo] dhysI T B sy,
o= Shell 7ﬂ°]7~]—4 st FEH2 o] Solis Alo| X Ert 7]
ofZol2tal AYstiith E thE ol fE= FA9 A5 S8l
ShF SHET o '5’%}401 ZE7FEolx] 7] wio] ohet A

o, Link 572 &4

Fzo)e 5 ole °
nEwEc 38 g Hel glrkn B
o];(] E]X]—Ol [e] /KH:HZ% oz OT:—]-

R

[e)

Aol v

>.

A=
T

|o
fru
rir

ndZ2 A v|Z4d He

dolck £ ol

o
=&
"o
x A

=

o2k
=

=

o o
-
L)
”

2|7} A|5-6, 6-7
of S50l chat 37
= oM 2ok A,
#9l Aol o
o]a—]é]— Z1 0. ;‘c}'&

RIS

¥
o

iﬂ
ot
2

PEEK #A|0]| 2| & o]-83t 73
o] A7Fe A o] oF 309%.9]

oM b 49 Fpegt Al ﬂlolxl—l Aol

= L
WS B0 R, 44 F 22 1AL AUAA A5
U S ACIAIE ARk AS Folg 2% o 4z
ok

REFERENCES

1. Cloward RB. The anterior approach for removal of ruptured
cervical disks. ] Neurosurg. 1958;15:602-17.

Smith GW, Robinson RA. The treatment of certain cervical-
spine disorders by anterior removal of the intervertebral disc
and interbody fusion. ] Bone Joint Surg Am. 1958;40:607-24.
Sawin PD, Traynelis VC, Menezes AH. A comparative analy-
sis of fusion rates and donor-site morbidity for autogeneic rib
and iliac crest bone grafts in posterior cervical fusions. ] Neu-
rosurg. 1998;88:255-65.

Bartels RH, Donk RD, Feuth T. Subsidence of stand-alone
cervical carbon fiber cages. Neurosurgery. 2006;58:502-8; dis-

10.

11.

12.

13.

14.

15.

16.

a2 7l

cussion 502-8.

Cannada LK, Scherping SC, Yoo JU, Jones PK, Emery SE.
Pseudoarthrosis of the cervical spine: a comparison of radio-
graphic diagnostic measures. Spine (Phila Pa 1976). 2003;28:
46-51.

Bartels RH, Donk R, van Azn RD. Height of cervical foramina
after anterior discectomy and implantation of a carbon fiber
cage. ] Neurosurg. 2001;95:40-2.

Cauthen JC, Kinard RE, Vogler JB, et al. Outcome analysis of
noninstrumented anterior cervical discectomy and interbody
fusion in 348 patients. Spine (Phila Pa 1976). 1998;23:188-92.
Tribus CB, Corteen DP, Zdeblick TA. The efficacy of an-
terior cervical plating in the management of symptomatic
pseudoarthrosis of the cervical spine. Spine (Phila Pa 1976).
1999;24:860-4.

Geisler FH, Caspar W, Pitzen T, Johnson TA. Reoperation in
patients after anterior cervical plate stabilization in degenera-
tive disease. Spine (Phila Pa 1976). 1998;23:911-20.

Lowery GL, McDonough RE The significance of hardware
failure in anterior cervical plate fixation. Patients with 2- to
7-year follow-up. Spine (Phila Pa 1976). 1998;23:181-6; dis-
cussion 186-7.

Shapiro S. Banked fibula and the locking anterior cervical
plate in anterior cervical fusions following cervical discec-
tomy. ] Neurosurg. 1996;84:161-5.

Disch AC, Schaser KD, Melcher I, et al. Oncosurgical results
of multilevel thoracolumbar en-bloc spondylectomy and re-
construction with a carbon composite vertebral body replace-
ment system. Spine (Phila Pa 1976). 2011;36:E647-55.
Diedrich O, Perlick L, Schmitt O, Kraft CN. Radiographic
characteristics on conventional radiographs after posterior
lumbar interbody fusion: comparative study between radio-
translucent and radiopaque cages. J Spinal Disord. 2001;14:
522-32.

Yang JJ, Yu CH, Chang BS, Yeom JS, Lee JH, Lee CK. Subsid-
ence and nonunion after anterior cervical interbody fusion
using a stand-alone polyetheretherketone (PEEK) cage. Clin
Orthop Surg. 2011;3:16-23.

Barsa P, Suchomel P. Factors affecting sagittal malalignment
due to cage subsidence in standalone cage assisted anterior
cervical fusion. Eur Spine J. 2007;16:1395-400.

Gercek E, Arlet V, Delisle ], Marchesi D. Subsidence of stand-
alone cervical cages in anterior interbody fusion: warning. Eur
Spine J. 2003;12:513-6.



193

17.

18.

19.

20.

21.

22.

23.

24.

Kalely

Ha SK, Park JY, Kim SH, Lim DJ, Kim SD, Lee SK. Radio-
logic assessment of subsidence in stand-alone cervical poly-
etheretherketone (PEEK) cage. ] Korean Neurosurg Soc. 2008;
44:370-4.

Kast E, Derakhshani S, Bothmann M, Oberle J. Subsidence
after anterior cervical inter-body fusion. A randomized pro-
spective clinical trial. Neurosurg Rev. 2009;32:207-14; discus-
sion 214.

Schmieder K, Wolzik-Grossmann M, Pechlivanis I, Engelhar-
dt M, Scholz M, Harders A. Subsidence of the wing titanium
cage after anterior cervical interbody fusion: 2-year follow-up
study. ] Neurosurg Spine. 2006;4:447-53.

van Jonbergen HP, Spruit M, Anderson PG, Pavlov PW. Ante-
rior cervical interbody fusion with a titanium box cage: early
radiological assessment of fusion and subsidence. Spine J.
2005;5:645-9; discussion 649.

Shad A, Leach JC, Teddy PJ, Cadoux-Hudson TA. Use of the
Solis cage and local autologous bone graft for anterior cervical
discectomy and fusion: early technical experience. ] Neuro-
surg Spine. 2005;2:116-22.

Cheng CC, Ordway NR, Zhang X, Lu YM, Fang H, Fayyazi
AH. Loss of cervical endplate integrity following minimal sur-
face preparation. Spine (Phila Pa 1976). 2007;32:1852-5.
Mohammad-Shahi MH, Nikolaou VS, Giannitsios D, Ouellet J,
Jarzem PE The effect of angular mismatch between vertebral
endplate and vertebral body replacement endplate on implant
subsidence. ] Spinal Disord Tech. 2013;26:268-73.

Lemcke J, Al-Zain F, Meier U, Suess O. Polyetheretherketone

7% f3< 3 Polyetheretherketone 7|0]2]2]

25.

26.

27.

28.

29.

30.

31.

32.

W

(PEEK) spacers for anterior cervical fusion: a retrospec-
tive comparative effectiveness clinical trial. Open Orthop J.
2011;5:348-53.

Steffen T, Tsantrizos A, Fruth I, Aebi M. Cages: designs and
concepts. Eur Spine J. 2000;9 Suppl 1:589-94.

Kulkarni AG, Hee HT, Wong HK. Solis cage (PEEK) for an-
terior cervical fusion: preliminary radiological results with
emphasis on fusion and subsidence. Spine J. 2007;7:205-9.
Cabraja M, Oezdemir S, Koeppen D, Kroppenstedt S. Ante-
rior cervical discectomy and fusion: comparison of titanium
and polyetheretherketone cages. BMC Musculoskelet Disord.
2012;13:172.

Katsuura A, Hukuda S, Saruhashi Y, Mori K. Kyphotic ma-
lalignment after anterior cervical fusion is one of the factors
promoting the degenerative process in adjacent intervertebral
levels. Eur Spine J. 2001;10:320-4.

Meier U, Kemmesies D. Experiences with six different inter-
vertebral disc spacers for spondylodesis of the cervical spine.
Orthopade. 2004;33:1290-9.

Pechlivanis I, Thuring T, Brenke C, et al. Non-fusion rates in
anterior cervical discectomy and implantation of empty poly-
etheretherketone cages. Spine (Phila Pa 1976). 2011;36:15-20.
Moreland DB, Asch HL, Clabeaux DE, et al. Anterior cervical
discectomy and fusion with implantable titanium cage: initial
impressions, patient outcomes and comparison to fusion with
allograft. Spine J. 2004;4:184-91.

Link HD, McAfee PC, Pimenta L. Choosing a cervical disc
replacement. Spine J. 2004;4:294S-302S.



194

pISSN : 1226-2102, eISSN : 2005-8918

Original Article J Korean Orthop Assoc 2014; 49: 185-194 e http://dx.doi.org/10.4055/jkoa.2014.49.3.185 www.jkoa.org

21

0k

O« @772l + LS5+ FIOA « A « MATI « TWY| « UKL WS
X

Sx4: 24 7190 W polyetheretherketone (PEEK) #0125 0|82 Rk A% 5 270 Waks W ke avlsta, A7) %
o 8918 BEkaA Bl

CHed b 20039 7858 2011 11870 20 A9k 9 PEEK AlPJA1E o187t A% s AR 328(3628)=
Vo Soln). ARt dizol, St dizolet AlolA] WAE] Z2E T AN ARIelA S8t 2 mm o s
o2 Aefsiion] 3mm oVde S “ﬂi ﬁlt' St A A= ARSI

Zah 147119] 24(38.9%)0014 o] 'Astom 5= @70*3 7N E(19.4%)00A WS A, SRS ol8-5to]
ARt 5o 7S Hlasl o ARtel Al o] Jrdo] SrRtel ARt o] RMESHITHp <0,001), A, $RolA] M shto s 3
o] wo] WAYsIAtHp<0.001, p=0.047), 7] 18] Qari= 7 1149 4191 Bl AR Alo]A|9] o7t SAd o= frofst
Ackp<0.05).

BE: AlOIA AR F- Aol w2 viEE WS o, i T SR 1A 9] IRt Al RISkl ARt =019 APIAIE A

AQITH|: AR Es, 2, PEEK A0[X], 22 =0|

E42 20135 102 132 3 20135 128 32 ARKEFEYI 2014 12 222
QiHOIx-lxl- z \Ql:l|

HEAN G971 LS=2 52, SE2015H o|nfiist HEe|afstmAl

TEL 043-269-6077, FAX 043—274-8719, E-mail ymkim@chungbuk.ac.kr

*0| =22 20138/ SRCHHD SRR Of5io] SERS,

CHEFESRSIS|X| : M| 49 M| 3= 2014  Copyright © 2014 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



