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Abstract

Introduction: There are ways to operate for herniated cervical disc starting from simple discectomy to artificial disc
replacement.

Methods and Materials: This is a prospective study of anterior cervical discectomy and fusion with
polyetheretherketone (PEEK) age device conducted from January 2016 to September 2019. Age, sex ratio, level of
disc prolapses, symptoms, complications of surgery and the outcome was assessed. Neurological assessment was
done pre and postoperatively as defined by Odom’s criteria and Ranawat et al grading system. Check x-ray was done
at three and six months.

Results: The total number of cases was 82, predominantly males (62%). Disc prolapse due to degenerative disease
was the most common case (68%). C5-6 was the most often disc prolapse level (40%), followed by C6-7 level (38%)
and multiple level disc prolapse in 12%. Applying Ranawat grading system of neurological deficit; at presentation,
majority were in Grade I (54%), followed by Grade IIIA (19%). Postoperatively there was reduction in weakness
from 54% to 16% in Grade II and from 19% to 8% for Grade IIIA. Majority had excellent and good outcome based
on Odom’s criteria. The continuity of the graft and the adjacent spinal curvature was also assessed and there was more
than 96% fusion rate.

Conclusion: Use of local autograft with a PEEK cage has a benefit of working within the same operative window as
the ACDF, thus reducing the infection, bleeding, and pain risks that may be encountered with a second incision. It is
very safe to use in single level or multilevel cervical disc prolapse and also saves additional time of harvesting graft
from the donor site.
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Introduction

nterior decompression of the cervical spine was
first introduced by Smith and Robinson and it was
established by Cloward in 1948.!This technique has been
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accepted as the standard procedure for the treatment of
myelopathy and radiculopathy in the cervical spine *?
Anterior cervical discectomy with interbody fusion
(ACDF) is the surgical procedure of choice for cervical
discogenic diseases. Use of anterior iliac bone graft for
anterior interbody fusion has been the gold standard for
decades. Although highly successful fusion is achieved
by autogenous iliac bone graft, various studies have
documented iliac donor site complications *° These
complications include persistent donor site pain, infection,
haematoma formation, iliac crest fracture, and meralgia
parasthetica.

To prevent these complications, cages have been
studied and applied in humans as potential bone
substitutes for autograft in interbody fusion. The criteria
required for an ideal cage for cervical interbody fusion are
the following: providing immediate stability, maintaining
spinal alignment and foraminal height, achieving higher
or at least equal fusion success rate, and obviating
complications by using autograft. Titanium or carbon
fibre cages were widely used for cervical interbody
fusion, but subsidence, migration, and structure failure
have occurred.®’Polyetheretherketone (PEEK) is a non-
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absorbable biopolymer that has been used in a variety of
industries including medical devices. The PEEK cages are
biocompatible, radiolucent, and have modulus of elasticity
similar to the bone.

This study was to evaluate the clinical and
radiographic outcome of patients who underwent
anterior cervical discectomy and fusion (ACDF) using
polyetheretherketone (PEEK) cage filled with cancellous
allograft bone.

Methods and Materials

This is a prospective study of all patients who
underwent anterior cervical discectomy and fusion
surgery using PEEK cage. This study was conducted at
National Trauma Center (NTC), National Academy of
Medical Sciences (NAMS) Bir hospital and Department
of neurosurgery, Norvic International hospital,
Kathmandu, between January 2016 till September 2019.
Institutional review board (IRB) approval was taken from
the hospitals for the study. Consent was taken from the
patients if they were able to write and from the next of
kin if they were not able to give consent. Only the cases
with degenerative disc disease and traumatic disc prolapse
were included in this study. The age, sex ratio, the level
of disc prolapses, symptoms, complications of surgery
and the outcome based on Odom’s criteria and Ranawat
classification of neurological deficit was assessed.The
surgery was performed when the patient had myelopathy
or radiculopathy with progressive neurological deficit, or
failure of conservative treatment (a minimum of 3 months).
All the operations were done by the same surgeon.

Operative technique: Neurological assessment using
Ranawat grading system and Odom’s criteria, was done pre-
and postoperative. All these patients were kept in a supine
position, and the neck was extended at 10-15 degrees. All
the surgeries were done from the right side. A fluoroscope
was used to confirm the level. A transverse skin incision
was used. The anterior cervical disc was approached using
the method described by Smith and Robinson. A Caspar
screw distractor was used to allow distraction of the disc
space throughout the procedure. Under the microscope,
the anterior longitudinal ligament and annulus were
incised, and the anterior contents of the disc space were
removed with curettes and pituitary rongeurs. Care was
taken to remove all cartilage from beneath the anterior
inferior lip of the rostral vertebral body and to remove
a few millimeters of the anterior longitudinal ligament
from the rostral vertebral body without use of monopolar
cautery. A 2 mm Kerrison punch then was used to remove
the anterior inferior lip of the rostral vertebral body, and
this bone was saved for grafting. No bone wax was used
within the disc space. After all disc space cartilage was

removed from the endplates, additional bone was obtained
from the uncovertebral joints and posterior vertebral
bodies as the decompression proceeded posteriorly. An
optimal PEEK cage was selected following completion
of discectomy and endplate preparation. Optimal size
was selected by using a temporary metallic measurement
rod, looking at its grip between the end plates and correct
alignment in fluoroscopy. The inner cavity of the PEEK
cage was filled with cancellous allograft bone. The PEEK
cage with allograft was impacted into disc space for fusion
after adequate distraction with the use of Caspar distractor
(Figure la and 1b).

Fluoroscope was used in all cases after impacting
the cage to see its alignment. In multiple level surgeries,
additional Casper plating was done (Figure 2a, 2b)

Drain was kept in all the cases and removed after two
days.

After surgery, patients with traumatic disc prolapse
were asked to wear a hard-cervical brace for 3 months.
Check x-ray was done next day and at 3 and 6 months.

Clinical and radiological outcome assessed at 6
months. Fusion was assessed by looking presence of
bridging trabecular bone between the endplates, absence
of a radiolucent gap between the graft and endplate,
absence of or minimal motion between adjacent vertebral
bodies on flexion-extension radiographs, and absence
of or minimal motion between the spinous processes on
flexion-extension radiographs.

Results

The total number of cases was 82, with predominantly
males (62%). The most common age group was between
31 to 50 years with a total of 51 cases (62%). Disc prolapse
due to degenerative disease was the most common cause
(68%) and rest was because of trauma (32%). C5-6 was
the most common level of disc prolapse (40%), followed
by C6-7 level with (38%). Disc at multiple levels was
present in only 12%.

The most common presenting symptoms was radicular
pain (56%) followed by radiculomyelopathy (27%) and
myelopathy (17%).

Clinical outcome assessed at 6 months using Ranawat
grading system showed majority had Grade II (54%)
followed by Grade IIIA (19%) neurological deficit which
improved postoperatively (Table 1).

Odom’s criteria were also used to evaluate the outcome
according to which the majority had excellent and good
outcomes. Average operating time was 47 minutes (35-90
minutes). Blood loss was less than 15ml (5ml to 35ml).
Overall hospital stay was 5 days (3-7 days). Postoperative
periods were uneventful; there were no complications
related to this technique.
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Figure 2: (A) Intra operative fluoroscopic images showing PEEK cage alone in single level surgery and (B) use of additional
Casper plate in multilevel surgeries

Description Pre op grading (%) Post of grading (%)
I No neural deficit 12% 68%
1T Subjective weakness, dysesthesias and hyperreflexia 54% 16%
Il Objective weakness and long tract signs; patient remains 19% Q9%
ambulatory
1IIb Objective weakness and long tract signs; patient no 15% 89

longer ambulatory

Table 1: Ranawat grading of neurological deficit
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Discussions

Anterior cervical discectomy and fusion (ACDF) is
an established procedure for surgical treatment of cervical
radiculopathy and myelopathy secondary to anterior
compression from osteophyte or soft disc prolapsed.

Anterior cervical discectomy and decompression
with interbody fusion can be a good surgical choice
when conservative treatment for cervical disc herniation
or cervical spondylosis fails.” %12 Although tricortical
autograft harvested from the iliac crest as interbody
fusion material can provide satisfactory clinical results
and fusion rates'>'* complication rates at the donor site
are around 20%'*!"° and could be a potential disadvantage
of this technique. Interbody cages provide initial stability
and, by filling the disc space, require less structural bone
graft and consequently reduce the morbidity associated
with autogenous bone graft harvesting.!®!7'#!° Different
types of cages are available to perform ACDF, including
titanium cages, carbon fiber reinforced polymer (CFRP)
cages, and polyetheretherketone (PEEK) cages. Donor
site complications can be omitted by making use of all of
these cage types. Titanium cages can provide mechanical
support, initial disc height maintenance, and restoration
of sagittal lordosis; however, unfavorable outcomes were
reported in some studies.?*?'?2 Kolstad et al. '® reported
several unfavorable outcomes following radiographic
parameter analysis after ACDF using a cylindrical
titanium cage. In another study, subsidence or migration of
the titanium cage were observed, resulting in disc height
collapse and kyphotic deformity. Furthermore, metallic
cages are radio-opaque, which prevents clear observation
of trabecular bone formation and of radiographic fusion
signs. Carbon fiber cages (CFC) can be safe and effective,
and can lead to restoration of segmental alignment and
solid fusion. 2*** However, high rates of subsidence have
been reported following ACDF using CFC (29.2%) in
some studies.?

The absence of cytotoxicity and mutagenicity were
demonstrated for a polyetheretherketone (PEEK) cage in
an in vitro study.?”” With biocompatible, nonabsorbable,
and corrosion-resistant abilities, the PEEK cage is
thought to be a safe biomaterial spacer for spine surgery.*
Moreover, the modulus of elasticity of PEEK is similar to
that of bone.?” This distinguishing feature is thought to be
able to prevent cage subsidence induced by metallic cages.
In an in vitro biomechanical study, the stiffness of the
PEEK cage was statistically higher than that of the normal
motion segment in flexion. The volume-related stiffness
of the PEEK cage was higher than that of iliac bone in all
directions.’® These results show that polyetheretherketone
could be manufactured as the optimal interbody spacer,
providing an adequate volume for bone refilling and
immediate mechanical stability in ACDF.*! The PEEK

cage is radiolucent and allows surgeon to better evaluate
fusion status on radiographs or CT scans. In our series, all
96% achieved good solid fusion within 6 months using
a PEEK cage filled with cancellous allograft bone chips.

Conclusion

PEEK cages alone packed with artificial bone
granules can be used safely and effectively for the
treatment of single or multi-level cervical disc disease.
This method is considered a relatively safe and effective
treatment modality. There is currently no consensus on
the best surgical treatment method for anterior cervical
discectomy, but the goal should be aimed towards
achieving best clinical efficacy, restoration of cervical
spine alignment, less post-operative complications and
avoidance of adjacent segment degeneration.

Conflict of Interest: None
Source(s) of support: None

References

1. Cloward RB. The anterior approach for removal
of ruptured cervical disks. 1958. J Neurosurg
Spine. 2007;6(5):496-511.http://doi.org/10.3171/
spi.2007.6.5.496

2. Baba H, Furusawa N, Tanaka Y, et al. Anterior
decompression  and  fusion  for  cervical
myeloradiculopathy secondary to ossification of
the posterior ligament. International Orthopaedics.
1994;18(4):204-9.http://doi.org/10.1007/bf00188323

3. BabaH, Furusawa N, Imura S, Kawahara N, Tsuchiya
H, Tomita K. Late radiographic findings after anterior
cervical fusion for spondylotic myeloradiculopathy.
Spine (Phila Pa 1976). 1993;18(15):2167-73.http://
doi.org/10.1097/00007632-199311000-00004.

4. Arrington ED, Smith WJ, Chambers HG, Bucknell
AL, Davino NA. Complications of iliac crest bone
graft harvesting. ClinOrthop. 1996;329:300-9.http://
doi.org/10.1097/00003086-199608000-00037.

5.  Goulet JA, Senunas LE, DeSilva GL, Greenfield ML.
Autogenous iliac crest bone graft. Complications
and functional assessment. Clin Orthop Relat Res.
1997;(339):76-81.http://doi.org/10.1097/00003086-
199706000-00011

6. Niu CC, Chen LH, Lai PL, Fu TS, Chen WIJ.
Trapezoidal titanium cage in anterior cervical
interbody fusion: a clinical experience. Chang Gung
Med J. 2005;28(4):212-21.

7. Liao JCNiu CC,Chen WIJ, Chen LH.
Polyetheretherketone (PEEK) cage filled with
cancellous allograft in anterior cervical discectomy
and fusion. International Orthopaedics. 2008

52 Nepal Journal of Neuroscience, Volume 18, Number 2, 2021


http://doi.org/10.3171/spi.2007.6.5.496
http://doi.org/10.3171/spi.2007.6.5.496
http://doi.org/10.1007/bf00188323
http://doi.org/10.1097/00003086-199608000-00037
http://doi.org/10.1097/00003086-199608000-00037
http://doi.org/10.1097/00003086-199608000-00037

10.

I1.

12.

13.

14.

15.

16.

17.

18.

Oct;32(5):643-8.http://doi.org/10.1007/s00264-007-
0378x

Smith GW, Robinson RA. The treatment of certain
cervical spine disorders by anterior removal of the
intervertebral disc and interbody fusion. J Bone Joint
Surg [Am]. 1958;40:607—24.https://doi.org/10.3171/
jns.1968.29.4.0397

Bohlman HH, Emery SE, Goodfellow DB, Jones
PK. Robinson anterior cervical discectomy and
arthrodesis for cervical radiculopathy. Long-term
follow-up of one hundred and twenty-two patients. J
Bone Joint Surg Am. 1993;75(9):1298-307.http://doi.
org/10.2106/00004623-199309000-00005

Cloward RB. The anterior approach for removal
of ruptured cervical disks. J Neurosurg.
1958;15(6):602-17.http://doi.org/10.3171/
jns.1958.15.6.0602

Faldini C, Leonetti D, Nanni M, et al. Cervical disc
herniation and cervical spondylosis surgically treated
by Cloward procedure: a 10-year-minimum follow-
up study. J Orthop Traumatol. 2010;11(2):99-103.
http://doi.org/10.1007/s10195-010-0093-z

Romano CL, Romano D, Bonora C, Mineo G.
Pregabalin, celecoxib, and their combination for
treatment of chronic low-back pain. J Orthop
Traumatol. 2009;10(4):185-91.http://doi.
0rg/10.1007/s10195-009-0077-z

Kao FC, Niu CC, Chen LH, Lai PL, Chen WIJ.
Maintenance of interbody space in one- and two-level
anterior cervical interbody fusion: comparison of the
effectiveness of autograft, allograft, and cage. Clin
Orthop Relat Res. 2005;(430):108-16.http://doi.
org/10.1097/01.b10.0000142626.90278.9¢

Siddiqui AA, Jackowski A. Cage versus tricortical
graft for cervical interbody fusion. A prospective
randomised study. J Bone Joint Surg Br.
2003;85(7):1019-25.http://doi.org/10.1302/0301-
620x.85b7.13398

Silber JS, Anderson DG, Daffner SD, et al. Donor
site morbidity after anterior iliac crest bone harvest
for single-level anterior cervical discectomy and
fusion. Spine (Phila Pa 1976). 2003;28(2):134-9.
https://doi.org/10.1097/00007632-200301150-00008
Bagby GW. Arthrodesis by the distraction-
compression method using a stainless-steel implant.
Orthopedics. 1988;11:931-4.

Jacobs W, Willems PC, Kruyt M, et al
Systematic review of anterior interbody fusion
techniques for single- and double-level cervical
degenerative disc disease. Spine (Phila Pa 1976).
2011;36(14):E950-E960.https://doi.org/10.1097/
BRS.0b013e31821cbbas

Kolstad F, Nygaard @P, Andresen H, Leivseth G.
Anterior cervical arthrodesis using a “stand alone”

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ACDF using PEEK cage

cylindrical titanium cage: prospective analysis of
radiographic parameters. Spine (Phila Pa 1976).
2010;35(16):1545-50.http://doi.org/10.1097/
BRS.0b013e3181d259¢1

Siddiqui AA, Jackowski A. Cage versus tricortical
graft for cervical interbody fusion. A prospective
randomised study. J Bone Joint Surg Br.
2003;85(7):1019-25.http://doi.org/10.1302/0301-
620x.85b7.13398

Chou YC, Chen DC, Hsich WA, et al. Efficacy of
anterior cervical fusion: comparison of titanium cages,
polyetheretherketone (PEEK) cages and autogenous
bone grafts. J Clin Neurosci. 2008;15(11):1240-5.
http://doi.org/10.1016/j.jocn.2007.05.016
Hauerberg J, Kosteljanetz M, Boge-Rasmussen T,
et al. Anterior cervical discectomy with or without
fusion with ray titanium cage: a prospective
randomized clinical study. Spine (Phila Pa
1976).  2008;33(5):458-64.http://doi.org/10.1097/
BRS.0b013e3181657dac

Niu CC, Liao JC, Chen WJ, Chen LH. 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. 2010;23(5):310-6.http://doi.
0rg/10.1097/BSD.0b013e3181af3a84

Niu CC, Chen LH, Lai PL, Fu TS, Chen WIJ.
Trapezoidal titanium cage in anterior cervical
interbody fusion: a clinical experience. Chang Gung
Med J. 2005;28(4):212-21.

Marotta N, Landi A, Tarantino R, Mancarella C,
Ruggeri A, Delfini R (2011) Five-year outcome of
stand-alone fusion using carbon cages in cervical
disc arthrosis. Eur Spine J 20(Suppl 1):S8-S12http://
doi.org/10.1007/s00586-011-1747-0

Van der Haven I, Van Loon PJ, Bartels RH, Van
Susante JL (2005) Anterior cervical interbody fusion
with radiolucent carbon fiber cages: clinical and
radiological results. Acta OrthopBelg 71(5):604-9.
Bartels RH, Donk RD, Feuth T. Subsidence of stand-
alone cervical carbon fiber cages. Neurosurgery.
2006;58(3):502-508.http://doi.org/10.1227/01.
NEU.0000197258.30821.50

Katzer A, Marquardt H, Westendorf J, Wening
JV, von Foerster G. Polyetheretherketone--
cytotoxicity and mutagenicity in vitro. Biomaterials.
2002;23(8):1749-1759.http://doi.org/10.1016/s0142-
9612(01)00300-3

Toth JM, Wang M, Estes BT, Scifert JL, Seim HB 3rd,
Turner AS. Polyetheretherketone as a biomaterial for
spinal applications. Biomaterials.2006;27(3):324-34.
http://doi.org/10.1016/j.biomaterials.2005.07.011
Wenz LM, Merritt K, Brown SA, Moet A, Steffee AD.
In vitro biocompatibility of polyetheretherketone

Nepal Journal of Neuroscience, Volume 18, Number 2, 2021 53


http://doi.org/10.1007/s00264-007-0378x
http://doi.org/10.1007/s00264-007-0378x
https://doi.org/10.3171/jns.1968.29.4.0397
https://doi.org/10.3171/jns.1968.29.4.0397

Jha et al

30.

and polysulfone composites. J Biomed Mater
Res. 1990;24(2):207-15.http://doi.org/10.1002/
jbm.820240207

GuYT,JiaLS, Chen TY. Biomechanical study of a hat
type cervical intervertebral fusion cage. IntOrthop.
2007;31(1):101-5.https://doi.org/10.1007/s00264-
006-0141-8

31.

Liao JC, Niu CC, Chen WJ, Chen LH.
Polyetheretherketone (PEEK) cage filled with
cancellous allograft in anterior cervical discectomy
and fusion. IntOrthop. 2008;32(5):643-8.https://doi.
org/10.1007/s00264-007-0378-x

54 Nepal Journal of Neuroscience, Volume 18, Number 2, 2021



