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Abstract \\
This study aimed to compare the differences in radiological outcomes and complications between single- and multilevel anterior |
cervical discectomy and fusion (ACDF) by using a polyetheretherketone (PEEK) cage—plate fusion system.

Fifty-seven patients who underwent ACDF via the PEEK cage—plate fusion system were enrolled and subjected to >6 months of
follow-up. The patients were divided into 4 groups according to different cage—plate implantation levels: 1-level group (n=17), 2-level
group (n=24), 3-level group (n=12), and 4-level group (n=4). Fusion time, changes in segment and global lordotic angle,
subsidence rate, and changes in disc and adjacent segmental disc height were subjected to radiological evaluation.

The fusion period of multilevel ACDF was longer than that of single-level ACDF. The fusion period of the 3-level (4.09+0.94,
P=.004) and 4-level (5.25 +0.89, P=.004) group was also significantly longer than that of the 1-level group. The mean lordotic angle
in all of the groups was changed in the immediate postoperative period and in the final follow-up. The cage subsidence rates were
11.76% (2/17) in the 1-level group, 20.83% (5/24) in the 2-level group, and 2/12 (16.67%) in the 3-level group. No subsidence
occurred in the 4-level groups. Changes in the lower adjacent segmental disc height were significantly increased in multilevel ACDF
compared with those in single-level ACDF.

Despite the longer fusion time, the outcomes of the proposed system were even better with the greater number of treatment levels
by using PEEK cage—plate fusion system. Changes in the lower adjacent segmental disc height should also prolong follow-up
duration to investigate the symptomatic adjacent segment degeneration in multilevel ACDF.

Abbreviations: ACDF = anterior cervical discectomy and fusion, ASD = adjacent segment degeneration, DDD = degenerative
disc disease, PEEK = polyetheretherketone.
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1. Introduction

Anterior cervical discectomy and fusion (ACDF), first proposed by
Smith and Robinson in 1958,!!is considered a standard procedure
for the treatment of cervical degenerative disc disease (DDD)
following the failure of conservative treatments.”™ Although
autologous iliac bone can provide solid fusion, donor-site
morbidity and complications, such as subsidence, occur.”1 To
resolve this problem, researchers developed various stand-alone
cervical cages with different materials, such as stainless metal,
titanium, carbon fiber, and polyetheretherketone (PEEK).10-11
Cages with plates can also enhance stability, shorten fusion
duration, and reduce the subsidence rate."?!

High cage subsidence rates with high treatment levels
remain controversial.['3! Cage—plate systems likely decrease the
adjacent disc height and thus cause adjacent segment degenera-
tion (ASD).'"*1! The main factor affecting ASD is other
preoperative ASD out of adjacent segments."®" To our
knowledge, few studies have compared radiographic outcomes
and complications between single- and multilevel ACDFE.'”! In
the present study, the use of a PEEK cage with a PEEK plate was
retrospectively analyzed between single- and multilevel ACDF,
which is more elastic and biocompatible than cages with steel and
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titanium plates. We hypothesized that a PEEK cage—plate fusion
system could provide support capability and elasticity to prevent
the incidence of subsidence with high treatment levels and
provide improved outcomes. This study aimed to compare the
differences in radiological outcomes and complications between
single- and multilevel ACDF with PEEK cage—plate systems.

2. Methods

2.1. Patients

The study was performed at China Medical University Hospital
and was approved by the local Institutional Review Board. A
total of 57 patients who underwent ACDF by using a PEEK cage—
plate system (Biomech-Paonan Biotech Co., Ltd., Taipei, Taiwan)
for cervical DDD were enrolled from 2014 to 2016. The patients
were divided into 4 groups according to different cage—plate
implantation levels: 1-level group (n=17), 2-level group (n=24),
3-level group (n=12), and 4-level group (n=4). The mean age
was 50.41 years (27-68 years) for 1-level, 54.50 years (35-86
years) for 2-level, 60.08 years (4678 years) for 3-level, and
58.00 years (49-74 years) for the 4-level group. These groups
consisted of males and females with the following ratios: 8:9 for
1-level group, 10:14 for 2-level group, 7:5 for 3-level group, and
1:3 for 4-level group. The mean follow-up period was 9.77
months (6-15 months) for 1-level, 10.25 months (7-18 months)
for 2-level, 10.92 months (7-21 months) for 3-level, and 11.5
months (9-15 months) for the 4-level group (Table 1).

2.2. Surgical procedure

All patients underwent surgery were performed by Han-Chung
Lee using a standard Smith-Robinson approach under general
anesthesia with the patients in supine position. A Caspar
distractor was placed at a specific level, the anterior longitudinal
ligament was cut, discectomy was performed, and the osteophyte
was removed. The adjacent cartilage was also removed carefully
to avoid excessive bony endplate destruction. Before the disc was
inserted into the space, the optimal cage size was determined by
inserting cage-shaped trial sticks (height=35, 6, and 7mm). A
horse-shaped cage with a hollow cylinder was filled with biphasic
calcium phosphate ceramic (Triosite, 40% b-tricalcium phos-
phate[b-TCP] and 60% hydroxyapatite; Biomatlante, France).
For plate augmentation, the PEEK plate was used to fix the disc,
and the cranial and the caudal vertebral body were fixed with
screws. The operations were performed under the C-arm. All of
the patients were instructed to wear a neck collar for 1 week.

2.3. Radiological assessment

Plain radiographs (anterior—posterior, lateral, and flexion—
extension) obtained on preoperative, immediately after surgery,
and at each follow-up were used to evaluate cervical alignment,
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segmental angle, and fusion status. Cervical lordosis was assessed
using Cobb’s angle. Global alignment was measured by
determining Cobb’s angle between the inferior endplate of C2
and C7 vertebral body. Segmental alignment was measured by
Cobb’s angle between the upper endplate of the cranial vertebral
body and the lower endplate of the caudal vertebral body. An
independent radiologist assessed the radiographs without the
knowledge of clinical outcomes. The cage subsidence in the
radiographs was defined as >3 mm reduction in the vertebral
body height because of cage migration into the adjacent endplates
between the immediate postoperative and the final follow-up.
Fusion was characterized by <2° movement through lateral
flexion—extension radiography, bridging bone between end-
plates, no signs of implant failure of PEEK cage—plate system, and
<50% of radiolucency covering the implant’s outer surface.®!
Disc height was measured as the distance between the center
point of the inferior endplate of the upper vertebral body and the
superior endplate of the lower vertebral body. Changes in disc
height were determined on the basis of the differences between
pre- and postoperation.

2.4. Statistical analysis

Data plotting and analysis were performed using GraphPad
Prism. Data were represented as mean + SD. Pre- and postopera-
tive global and segmental angles were statistically assessed with
Wilcoxon signed-rank test. Fusion time comparisons and
adjacent height changes among groups with different ACDF
levels by using the PEEK cage—plate system were statistically
assessed with Mann—-Whitney U test. Significance was set at
P<.05.

3. Results

A total of 57 patients who underwent ACDF by using a PEEK
cage—plate system (Fig. 1) for cervical DDD were enrolled from
2014 to 2016. Plain radiographs obtained on preoperative,
immediately after surgery, and at each follow-up were used to
evaluate cervical alignment, segmental angle, and fusion status
(Fig. 2).

The fusion time of multilevel ACDF was longer than that of
single-level ACDF. The fusion of the 3-level (4.09+0.94,
P=.004) and 4-level (5.25+0.89, P=.004) group was also
significantly longer than that of the 1-level group (Table 2). This
finding indicated that the PEEK cage—plate system provided
milder fusion by requiring a longer period in the multilevel groups
than in the single-level group. Global and segment lordotic angles
were changed in the immediate postoperative period and in the
final follow-up in all of the groups. The lordotic angles of the 2-
and 3-level groups significantly changed (Table 3). However, the
lordotic angle of the segment in the 2-level group was not
significant (P=.059).

Patient demographic data.

1-Level 2-Level 3-Level 4-Level
Cases 17 12 4
Mean age, y 50.41+11.25 54.50+13.17 60.08+10.86 58.00+10.98
Male 8 7 1
Female 9 5 3
Mean F/U, mo 9.77+3.27 10.25+2.64 10.92+3.82 11.5+2.64
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Figure 1. Proposed PEEK cage with a plate (Biomech-Paonan Biotech Co., Ltd., Taipei, Taiwan).

The cage subsidence rates were 11.76% (2/17) in the 1-level
group, 20.83% (5/24) in the 2-level group, and 2/12 (16.67%) in
the 3-level group. No subsidence occurred in the 4-level groups
(Table 4). These subsidences did not cause clinical problems,
suggesting that multilevel ACDF was recommended and
performed using the PEEK cage—plate system. However, the
changes in the lower adjacent segmental disc height significantly
increased in the 2-level (0.83+0.67, P=.0153), 3-level (0.77 +
0.48, P=.0196), and 4-level (1.53+0.38, P=.001) groups
compared with the single-level (0.36+0.33) ACDF (Table 5).
Moreover, the 3 patients (12.5%) in 2-level group and 1 patient
(25.00%) in 4-level group were degenerative changes (height
changes >25%) in lower adjacent levels.

To prevent symptomatic ASD, we should identify the changes
in the adjacent disc height of patients, especially those diagnosed
with other cases of preoperative segment degeneration.

4. Discussion

ACDF with a cervical cage for DDD treatment has become an
alternative surgical procedure to prevent subsidence and

donor-site complication caused by classical methods involving
autologous iliac bone graft.!*"*1”1 Nevertheless, these com-
plications can be reduced by various stand-alone cervical
cages composed of materials, such as titanium, carbon fiber,
and PEEK, which provide stability, height restoration, and
interbody fusion.'%!181 Donor-site morbidity impedes the
efficient use of all types of these cervical cages. Titanium cages
can restore the initial disc height and lordosis, although
unfavorable outcomes and complications, such as cage
subsidence, migration, disc height collapse, and kyphotic
deformity, have been reported.?°2* Metallic cages are
radiopaque and thus unsuitable for observation under plain
radiographs. Carbon fiber cages can be effective for cervical
alignment and solid fusion.*>?®! Nevertheless, a high
subsidence rate (29.2%) has been detected.!*”! Comparatively,
cages composed of PEEK materials are biocompatible and
elasticity modulus is similar to that of the bone.*®?°! As a
result, cage subsidence is reduced and solid fusion is
facilitated. Moreover, bone fusion can be radiologically
evaluated with plain radiographs because of the radiolucency
of the PEEK cages.
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Figure 2. Preoperative (A), postoperative (B), and final follow-up (B’) lateral cervical radiographs showing the bony fusion at C4 to C7 levels with a PEEK cage—plate

system.

Despite the advantages and the reduced risk of subsidence for
ACDF with stand-alone PEEK cages, the occurrence of
subsidence with a high treatment level is inevitable.!"*! Although
a PEEK cage with a plate, which is considered stable, can be used

high rate of subsidence (23.8%) is detected with 3-level
ACDEF.BPY The rate of subsidence is similar between 2-level
ACDF with PEEK cages with (30%) or without (31.81%) plate
fixation containing screw.>?! To consider the excessive rigidity of

to prevent graft extrusion and increase the bone fusion rate,** a  plate fixation with screw, we retrospectively analyzed ACDF with
Table 2

Fusion rate and mean fusion time.

2-Level 3-Level 4-Level

Fusion rate 23/24 (95.83%) 1112 91 .67‘:{0) 4/4 (100.00%) .
Mean fusion time 2.96+0.64 4.09+0.94 5.25+1.89
Values shown represent mean+SD. P< .01,

Table 3

Mean lordotic angle of global and segment.

2-Level 3-Level 4-Level
Global Segment Global Segment Global Segment

Preoperative () 11.38+8.53 8.08+5.83 12.33+7.69 8.75+5.87 14.75+4.57  11.75+4.57

°)* immediately
°) final

Postoperative
Postoperative

15.46+6.69"  10.96+4.99"

14.88+7.74"  10.00+4.80

2233+887  17.00+6.82"""
2058+870"" 1525+3.82""

23.25+1.71  16.00+3.56
19.50+4.73  13.25+2.87

T Preoperative mean lordotic angle (°).

*Postoperative mean lordotic angle (°).
Values shown represent mean+SD. P < .05, P < .01; P < .001.
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Changes in disc height.

1-Level 2-Level 3-Level 4-Level
Postop disc height, mm 1st 9.24+1.17 1st 8.05+1.34 1st 8.83+1.05 1st 8.50+1.19
2nd 7.83+1.20 2nd 8.07+0.77 2nd 8.25+0.70
3rd 9.08+1.30 3rd 7.75+2.54
4th 9.15+0.73
Final disc height, mm 1st 8.14+1.08 1st 6.68+1.18 1st 8.54+1.01 1st 7.95+0.96
2nd 6.93+0.98 2nd 7.66+0.68 2nd 7.68+0.61
3rd 8.08+1.55 3rd 6.99+2.29
4th 7.85+0.73
Disc height change, mm 1st 1.09+1.11 1st 1.45+1.04 1st 0.29+0.20 1st 0.55+0.37
2nd 0.88+0.75 2nd 0.41+0.19 2nd 0.58+0.25
3rd 1.01+£0.45 3rd 0.88+0.50
4th 1.28+1.40

Cage subsidence, % 2/17 (11.76%)

5/24 (20.83%)

2/12 (16.67%) 0/4 (00.00%)

Numerical order indicates the level of disc from the upper part to the lower part.

a PEEK cage and a PEEK plate between single- and multilevel
ACDF, which is more elastic and more biocompatible than cages
with steel and titanium plate. Therefore, we determined whether
the proposed PEEK cage—plate system could provide support
capability and elasticity to prevent the incidence of subsidence
with high treatment level and provide enhanced outcomes. In
the present study, fusion time was longer than those of the
single-level group. Therefore, this observation indicated that
fusion in multilevel ACDF was milder than that in single-level
ACDF. Global and lordotic angles increased in single- and
multilevel ACDF. However, the segment lordotic angle in the 2-
level group was not significant (P=.059) probably because of
insufficient sample size. No changes in evident disc height in
single- and multilevel groups were observed. The cage
subsidence rates were 11.76% (2/17) in the 1-level group,
20.83% (5/24) in the 2-level group, and 2/12 (16.67 %) in the 3-
level group. No subsidence occurred in the 4-level groups
(Table 4). Cage subsidence usually occurs within 3 months and
does not progress thereafter.1334! Therefore, we suggested
that outcomes could be enhanced by PEEK cages with PEEK
plates, although treatment levels were high.

Another plate-related complications include ASD. ACDF
using a cage with a plate increases the adjacent segmental
motion and decreases the adjacent segmental disc height. The
main factor affecting ASD is preoperative other ASD out of
adjacent segment. Patients over the age of 50 are at a high risk of
developing ASD. The degenerative changes were indicated with

disc signal change, anterior/posterior disc herniation, calcifica-
tion of the anterior/posterior longitudinal ligament, anterior/
posterior osteophytes, and a decrease in disc height of >25%.¢!
In the present study, the lower adjacent segmental disc height
significantly increased in the 2-level (0.83+0.67, P=.0153), 3-
level (0.77 +0.48, P=.0196), and 4-level (1.53+0.38, P=.001)
groups compared with the single-level (0.36+0.33) ACDF
(Table 5). Moreover, the 3 patients (12.5%) in 2-level group and
1 patient (25.00%) in 4-level group were high risk of
degenerative changes (height changes >25%) in lower adjacent
levels. This finding suggested that ASD should be identified, while
multilevel ACDF is performed. High rates of plate-related
complications involve dysphasia and ossification.!®**¢! With
technical advancements, these complications can be avoided.
Dysphagia is associated with plate thickness and protrusion off
the vertebral body.*”~**! Changes in cervical plate thickness can
reduce the incidence of dysphagia. Additional plates should be
placed >5mm away from adjacent disc spaces to decrease the
likelihood of moderate-to-severe adjacent-level ossification and
thus prevent ossification.’!

The present study is limited by several factors, namely,
retrospective nature, small sample size, lack of control group,
and dysphagia incidence. Therefore, a stand-alone cage group
and dysphagia outcomes should be included. A prospective
study comparing single- and multilevel ACDF and involving
a larger sample size should be considered for further
investigation.

Changes in adjacent height.

1-Level 2-Level 3-Level 4-Level
Postop adjacent height, mm 6.09+1.21 U 6.53+1.06 (U) 6.57+1.30 (U) 6.50+1.81 (U)
6.95+1.65 () 6.91+1.19 (1) 7.79+0.56 (1) 8.08+0.66 (L)
Final adjacent height, mm 5.81+1.15 (U) 6.20+0.91 (U) 6.33+1.24 (U) 5.93+1.80 (U)
6.59+1.66 (L) 6.04+1.40 (1) 7.01+7.87 (1) 6.55+0.93 ()
Adjacent height change, mm 0.27+0.25 (U) 0.33+0.43 (U) 0.24+0.22 (U) 0.58+0.43 (U)
0.36+0.33 () 0.83+0.67 (1) 0.77+0.48 (L)** 1.53+0.38 (L)
Height changes >25%, n (%) 0 (0.00%) (U) 0 (0.00%) (U) 0 (0.00%) (U) 0 (0.00%) (U)
0 (0.00%) (L) 3 (12.5%) (1) 0 (0.00%) (L) 1 (25.00%) ()

“The level of adjacent height upper the fusion segment.
“The level of adjacent height lower the fusion segmem
Values shown represent mean +SD. P< .05; “p< 01
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5. Conclusions

Despite the longer fusion time, the proposed PEEK cage—plate
system provided even better outcomes in multilevel groups by
using PEEK cage—plate fusion system. Changes in lower adjacent
height should also be identified to prevent symptomatic ASD in
multilevel ACDF. Further investigations on the subsidence rate
and changes in radiological outcomes should be performed to
prolong follow-up.
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