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Objective: The authors conducted a retrospective study to compare the implantation of carbon fiber composite frame cages 
(CFCFCs) to the implantation of polyetheretherketone (PEEK) cages after anterior cervical discectomy for cervical degenerative 
disc disease. In addition, the predictive factors that influenced fusion or subsidence were investigated.
Methods: A total of 58 patients with single-level degenerative disc disease were treated with anterior cervical discectomy 
and implantation of stand-alone cages; CFCFCs were used in 35 patients, and PEEK cages were used in 23 patients. 
Preoperative and postoperative radiological and clinical assessments were performed.
Results: During the mean follow-up period of 41 months, fusion occurred in 43 patients (74.1%), and subsidence developed 
in 18 patients (31.0%). Pain decreased in all patients, and the patients’ satisfaction rate was 75.9%. Neither fusion nor subsidence 
was related to the clinical outcome. There were no significant differences in the clinical and radiological outcomes between 
the CFCFC and the PEEK cage groups. Smoking history (p=0.023) was significantly associated with pseudarthrosis, and 
cage height (≥7 mm) (p=0.037) were significantly associated with subsidence.
Conclusion: The clinical and radiological results were similar between the CFCFC and the PEEK cage groups. Fusion or 
subsidence did not affect the clinical outcomes. Smoking history and cage height (≥7 mm) were predictive factors for pseu- 
darthrosis or subsidence in anterior cervical discectomy and fusion with stand-alone cages.
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INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is an effec-
tive treatment for cervical disc disease. Although autologous 
iliac bone graft material has been considered to be a superior 
fusion material for cervical arthrodesis13,14), donor site mor-
bidity is problematic24). To overcome this problem, various 
materials have been used as substitutes for autografts in ACDF5,30). 

Among these materials, cervical interbody cages are widely used.
Cages were introduced because of their theoretical ability 

to restore and preserve disc height and lordosis as well as pre- 
vent graft collapse14). Cages that are filled with cancellous bone 
reduce donor site pain, which is a common problem that is 
associated with the harvesting of structural iliac grafts29). There 
are several types of cages that have been developed for ACDF, 
including titanium, carbon fiber, and polyethere- therketone
(PEEK) cages.

Although cages have been frequently used for ACDF, to 
our knowledge, only a few reports on the clinical and radiolo- 
gical outcomes between the different types of cages implanted 
in ACDF have been published16,19). Therefore, we retrospecti- 
vely collected the medical records of patients who under- went 
one-level ACDF with implantation of stand-alone carbon fiber 
composite frame cages (CFCFCs) or PEEK cages. The purpose 
of the present study was to compare the clinical and radiolo- 
gical outcomes of the implantation of CFCFCs to those of 
the implantation of PEEK cages and to investigate the predi- 
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Table 1. Patients baseline characteristics

Factors CFCFC
group

PEEK
cage group p-value

No. of patients 35 23  
Mean age (years) 51.8 53.9 0.436a

Male 22 10 0.119b

Smoking history 14  8 0.453b

Symptoms    
  Radiculopathy 15 10 0.963b

  Myelopathy  6  8 0.125b

  Myeloradiculopathy  9  2 0.099c

Level    
  C3-C4  3  1 0.478c

  C4-C5  2  4 0.162c

  C5-C6 20 16 0.340b

  C6-C7 10  2 0.064c

Cage height ≥7 mm 33  7 <0.005c

Autograft 13 10 0.416b

Mean TIH    
  Anterior 35.88 34.63 0.150a

  Middle 33.65 32.84 0.327a

  Posterior 35.26 34.48 0.366a

Mean angle of the FSU -3.77 -1.96 0.210a

Mean Cobb angle from  
  the C2 to C7 vertebrae

-15.69 -12.05 0.236a

CFCFC, carbon fiber composite frame cage; PEEK, polyethere- 
therketone; TIH, total intervertebral height; FSU, functional seg- 
mental unit.
aThe student t-test
bThe χ2 test
cThe Fisher’s exact test

ctive factors for pseudarthrosis and subsidence.

MATERIALS AND METHODS

1. Patient Population

Between July 2004 and June 2009, one-level ACDF proce-
dures with implantation of stand-alone cages were performed 
in 165 consecutive patients. Of those 165 patients, 58 (35.2%) 
were included in the present study according to the following 
inclusion criteria: (1) one-level cervical degenerative disc dis-
ease was demonstrated on plain radiography and magnetic 
resonance imaging (MRI); (2) radiculopathy and/or myelop-
athy that was consistent with the radiological findings was 
exhibited; (3) unsuccessful conservative therapy was administered 
for at least 6 weeks; (4) a stand-alone CFCFC or PEEK cage 
was implanted. CFCFCs were used in 35 patients, and PEEK 
cages were used in 23 patients; (5) clinical and radiological 
follow up was continued for at least 12 months; and (6) there 
was no previous history of cervical spine surgery. Institutional 
review board approval was obtained before the collection or 
analysis of any data associated with the present study.

The mean age of the patient population was 52.6 years (range, 
33-70), and 32 (55.2%) of the patients were male. Twenty- 
two patients (37.9%) smoked during the perioperative ACDF 
period. Of the 58 enrolled patients, 36 (62.1%) underwent 
ACDF at the C5-C6 level, which was the most common loca- 
tion. Cages with a 7-mm height were the most frequently 
implanted and were used in 40 (69.0%) of the 58 patients. 
Autologous iliac bone was harvested in 23 patients (39.7%), 
and allograft bone was used in 35 patients (60.3%). The pa-
tient characteristics between the two cage groups are shown 
in Table 1. The mean clinical follow-up period was 41 months
(range, 15-75), and the mean radiological follow- up period 
was 24 months (range, 12-60).

2. Surgical Methods

The operations were performed by the two senior authors. 
The cervical spine was exposed using a standard anterolateral 
approach. The operated level was confirmed with fluorosco- 
pic imaging, and the intervertebral disc space was opened us-
ing a Caspar distractor. Complete discectomy, removal of the 
posterior longitudinal ligament and osteophyte, and careful 
end plate preparation were performed. After the dura was 
decompressed, the appropriate cage size was determined using 
both preoperative templating and intraoperative evaluations 
with a trial cage to confirm the initial stability. The cages were 
filled with allograft or autograft material, which was harvested 

from the anterior iliac crest using a standard approach, and 
gently impacted into the prepared disc space. Before closure 
of the superficial layers, a control intraopera- tive lateral radio- 
graphic image was obtained, and the correct positioning of 
the implant was confirmed. Postoperatively, all patients were 
instructed to use a soft cervical collar for 3 months.

3. Implant Description

 There were two different cage systems used in the present 
study: the CFCFC (Co-Ligne AG, Zurich, Switzerland) and 
the PEEK cage (Solis®, Stryker Spine, Cestas, France). Both 
cages are highly radiolucent and have markers to aid in their 
visualization, radiological assessment, and identification of their 
position on plain X-ray films. The CFCFC is composed of a 
medical-grade composite of long fiber carbon that is encapsu-
lated in a polyetherketon-etherketon-keton matrix; the CFCFCs 
measure 12 or 13.5 mm in width, are 12 mm deep, and are 
available in 6-, 7-, 8-, or 9-mm anterior heights with 5° of 
lordosis. These cages have two hollow centers and are wedge- 
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Fig. 1. Preoperative standard lateral radiograph in a patient who
underwent a C5-C6 anterior cervical discectomy and fusion. The 
Cobb angle between the C2 and C7 vertebrae is determined
by measuring the angle formed by the lines between the lower 
endplates of the C2 and C7 vertebrae. The angle of the functional
segmental unit (C5-C6) is determined by measuring angle bet- 
ween the lines of the upper endplate of the C5 vertebra and the
lower endplate of the C6 vertebra.

Fig. 2. Radiographic image showing the total intervertebral height
of the two fused vertebral bodies. The distances between the 
anterior, middle, and posterior margins of the upper end plate
of the more cranial vertebral body and those of the lower end 
plate of the more caudal vertebral body were measured.

Fig. 3. Flexion-extension lateral radiographs. The distance between
the tips of the spinous processes of the two fused vertebral bodies
was measured. A change in the distance of less than 2 mm was
defined as fusion.

shaped so that the anterior height of the cages is larger than 
the posterior height (Fig. 1). The PEEK cages are ring shaped 
with 1-mm titanium spikes and retentive teeth on the top 
and bottom, which improve the fixation of the cage to the 
bone (Fig. 2). These cages have a hollow center and a convex 
surface and are available with an internal anteroposterior di-
ameter of 12 or 14 mm and a height of 5, 6, or 7 mm with 
4° of lordosis.

4. Assessment of Fusion and Subsidence

Preoperative radiological examinations, such as plain radio-
graphs and MRI, were performed in all patients. Immediate 
postoperative radiographs were obtained one day after sur-
gery, and subsequent radiological follow-up was performed 
at 1, 3, 6, and 12 months postoperatively. After 12 months, 
follow-up radiographs were ordered more than once per year 
depending on the fusion or subsidence status of each patient. 
Radiological images included anteroposterior, lateral, and 
flexion-extension lateral radiographs.

Fusion was defined as a distance change of less than 2 mm 
between the tips of the spinous processes of the surgically 
treated level based on flexion-extension lateral radiographs 
(Fig. 3)4). Subsidence was defined as a decrease in the total 
intervertebral height (TIH) between the two fused vertebral 
bodies and was determined by comparing the postoperative 
follow-up lateral cervical radiographs to the one-day post-

operative radiogra- phs28). The TIH of two fused vertebral 
bodies was measured as the distance between the anterior, 
middle, and posterior points of the upper end plate of the 
cranial vertebral body and the lower end plate of the caudal 
vertebral body (Fig. 4). A decrease in the TIH of greater than 
3 mm based on any of the three height measurements was 
considered to be significant subsidence10).

The height of the intervertebral disc of the surgically treat-
ed level was assessed as the height at the mid-portion on the 
preoperative mid-sagittal MRI image. The angle of the functio- 
nal segmental unit (FSU) was defined as the angle between 
the upper end plate of the upper vertebral body and the lower 
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Fig. 4. Standard lateral radiograph obtained one day and 6 
months after a C5-C6 anterior discectomy and fusion with a stand-
alone polyetheretherketone (PEEK) cage in a 63-year-old man. 
After 6 months, complete fusion at the operated level was observed
despite the cage sinking to the lower end plate of the C5 vertebra
and the upper end plate of the C6 vertebra.

Fig. 5. Standard lateral radiograph obtained 6 months after a 
C5-C6 anterior cervical discectomy and fusion with a stand-alone
carbon fiber composite frame cage in a 64-year-old woman. After
6 months, subsidence was observed at the operated level.

end plate of the lower vertebral body, based on the lateral 
radiographs (Fig. 5). The Cobb angle between the C2 and C7 
vertebrae was estimated. Negative values for the angle of the 
FSU and the Cobb angle indicated lordotic angles. The curva-
ture of the cervical spine in the neutral position was described 
as lordotic, straight, or kyphotic2). If the posterior wall of 
the vertebral bodies of the C3 to C6 vertebrae were located 
anterior to the line between the posterior inferior borders 
of the C2 and C7 vertebrae, the curvature of the cervical spine 
was described as lordotic; if the wall was located at this line, 
the curvature was described as straight, and if the wall was 
located posterior to this line, the curvature was described as 
kyphotic.

Radiological measurements were performed on digital ra-
diographs using built-in software (INFINITT PACS, INFINITT 
Healthcare, Korea). Two independent observers, who were 
blinded to the patients’ clinical data, assessed each case for 
the status of the fusion and subsidence and performed meas-
urements of the radiographic parameters in duplicate. The 
mean values of the radiographic parameters collected by the 
two observers were used for the analysis to correct for the 
intra- and inter-observer reliability.

5. Clinical Outcomes

Clinical outcomes were assessed preoperatively and at the 
last follow-up visit. The visual analog scale (VAS) (score range, 
0-10; 0 indicates no pain and 10 indicates the worst pain 
imaginable) was used to assess neck and arm pain. The neck 
disability index (NDI) was used to measure the functional im-
pact of the patients’ neck discomfort. The 10 sections of the 

NDI (pain intensity, personal care, lifting, reading, headaches, 
concentration, work, driving, sleeping, and recreation) were 
scored from 0 to 5 and were summed for a total score between 
0 (no pain or difficulties) and 50 (highest score for pain and 
difficulty with all activities). Overall clinical outcome was as-
sessed by the patient as excellent, good, fair, or poor accord-
ing to Odom’s criteria20). If the outcome was excellent or good, 
the patient was considered to be satisfied with the surgery.

6. Statistical Methods

Descriptive data are presented as mean±standard deviation. 
For the comparison of nonparametric data, the Mann-Whitney 
U test, the χ2 test, or the Fisher’s exact test was used. For 
the parametric unrelated data, an unpaired t-test was used. 
A paired t-test was used for the comparison between the pre- 
and postoperative continuous variables. Logistic regression 
analysis for the correlated data using generalized estimating 
equations was performed to study the correlation between 
the possible predictive variables and the occurrence of fusion 
and subsidence. The inter- and intra-class correlation coeffi- 
cient (ICC) test was performed to determine the inter- and 
intra-observer reliability of the two sets of measurements ob-
tained by the two observers. ICC was considered to be in 
the excellent range based on the descriptions by Shrout and 
Fleiss (poor, <0.4; fair to good, 0.4-0.7; and excellent, >0.7)22). 
A value of p<0.05 was considered to be statistically significant. 
All analyses were performed using SPSS 17.0 for Windows 
(SPSS, Inc., Chicago, IL).
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Table 2. The radiological results

 
Total intervertebral height (mm) The angle of 

the FSU (°)
The Cobb angle between the 

C2 and C7 vertebrae (°)Anterior Middle Posterior

Preoperative Postoperative
  At 1 monthb

  At 6 monthc

  At the ultimate follow-up

35.38±3.22 
36.50±3.28
35.74±3.12
35.38±3.14

33.32±3.06 
34.17±2.96
33.56±2.87
33.40±2.99

34.95±3.16 
35.42±3.07
34.98±2.87
34.94±3.08

-3.06±5.33 
-5.05±4.84
-4.02±4.49
-3.39±5.17

-14.22±11.29 
-12.89±8.41
-15.69±9.04
-14.68±9.29

aData are presented as the mean value±the standard deviation
bThe radiological results at 1 month postoperatively except the Cobb angle between the C2 and C7 vertebrae show significant change
compared with those of the preoperative state (p<0.01 for all four parameters, paired t-test)
cThe radiological parameters at 6-month postoperatively show a significant change compared with those of postoperative 1 month 
(p<0.01, paired t-test), and no difference compared with those of preoperative state(p>0.05, paired t-test)

Table 3. The intra- and interobserver reliability using intra- and interclass correlation coefficient

Test
Total intervertebral height

The angle of the FSU The Cobb angle between the 
C2 and C7 vertebraeAnterior Middle Posterior

Intraobserver
  Observer 1
  Observer 2
Interobserver
  1st measurement
  2nd measurement

 
0.998
0.947

 
0.976
0.973

 
0.995
0.998

 
0.966
0.996

 
0.997
0.992

 
0.983
0.987

 
0.988
0.957

 
0.946
0.959

 
0.891
0.994

 
0.994
0.879

FSU, functional segmental unit

RESULTS

1. Radiological Results

Fusion at the operated level was observed in 27 (46.6%), 
40 (69.0%), and 43 (74.1%) of the 58 patients at the 6-month, 
12-month, and ultimate follow-up visits, respectively. Subsidence 
was observed in 18 patients (31.0%) and occurred within 6 
months postoperatively in 14 (77.8%) of those 18 patients.

The mean preoperative anterior, middle, and posterior TIHs 
were 35.38±3.22 mm, 33.33±3.06 mm, and 34.95±3.16 mm, 
respectively. Postoperatively, there was a significant increase 
in the TIHs. However, the TIHs returned to the preoperative 
values on the 6-month follow-up radiographs, which persisted 
throughout the rest of the follow-up period.

The mean preoperative angle of the FSU was -3.06±5.34° 
and became more lordotic postoperatively at -6.94±4.87°. 
However, this decrease in the angle of the FSU gradually re-
versed to produce a mean value of -4.02±4.49° at the 6-month 
follow-up, which was similar to the preoperative value (p=0.105). 
The mean Cobb angle between the C2 and C7 vertebrae did 
not change significantly (p=0.221). The details of the radio-
logical results are shown in Table 2.

There were no significant differences in the preoperative 
and postoperative TIHs, angles of the FSU, and Cobb’s angles 
between the C2 and C7 vertebrae between the two cage 
groups. These radiological parameters showed high reliability 
(Table 3).

2. Clinical Results

Overall neck and arm pain decreased significantly from a 
mean preoperative VAS score of 4.1±3.5 and 6.8±2.7, respe- 
ctively, to 2.5±2.5 (p=0.001) and 2.4±2.4 (p<0.001) at the 
ultimate follow-up visit, respectively. Neck discomfort also 
decreased significantly from a mean preoperative NDI score 
of 11.5±9.5 to an NDI score of 6.4±6.2 at the ultimate fol-
low-up visit (p<0.001). Overall, 16 patients (27.6%) had an 
excellent outcome, 28 (48.3%) patients had a good outcome, 
13 (22.4%) patients had a fair outcome, and one (1.7%) pa-
tient had a poor outcome (Table 4). These clinical outcomes 
were not correlated with radiological results, such as pseu-
darthrosis or subsidence (Table 5). In addition, there were no 
differences in the clinical outcomes between the two cage groups.

3. Factors that Influenced Fusion and Subsidence

To clarify the predictive factors for fusion or subsidence, 
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Table 4. Clinical and radiologic outcomes between CFCFC and 
PEEK cage groups

Factors CFCFC group PEEK cage 
group p-value

Neck VAS, mean
  Preoperative
  Last F/U
Arm VAS, mean
  Preoperative
  Last F/U
NDI, mean
  Preoperative
  Last F/U
Successful outcomec

Fusion
Subsidence

 
 4.06
 2.54
 
 7.11
 2.49
 
10.17
 6.14
26
24 (68.6%)
12 (34.3%)

 
 4.26
 2.39
 
 6.35
 2.17
 
13.43
 6.83
18
19 (82.6%)
 6 (26.1%)

 
0.832a

0.822a

 
0.292a

0.628a

 
0.203a

0.685a

0.492b

0.232a

0.509a

CFCFC, carbon fiber composite frame cage; PEEK, polyethere- 
therketone; VAS, visual analog scale; NDI, neck disability index;
F/U, follow-up
aThe student t-test
bThe χ2 test
cSuccessful outcome indicates an excellent or good outcome 
based on Odom’s criteria22)

Table 6. Univariate analysis for the variables that affect pseudar- 
throsis and subsidence after one-level anterior cervical discectomy 
with stand-alone cage

 Pseudarthrosis Subsidence

Variables Odds
ratio p-value Odds

ratio p-value

Age >60 years
Female gender
Smoking history
Implanted level (C5-C6)
Cage style (PEEK cage)
Cage height ≥7 mm
Allograft
Angle of FSU (lordosis)
Cervical curvature (lordosis)
Preoperative disc height

0.679
0.524
3.462
1.308
2.177
3.852
0.694
3.852
4.250
0.896

0.561
0.302
0.046
0.670
0.238
0.101
0.562
0.101
0.078
0.713

 3.000
 0.500
 2.917
 0.943
 0.676
12.565
 1.048
 1.885
 1.400
 1.924

0.065
0.241
0.068
0.920
0.510
0.019
0.936
0.335
0.589
0.039

CI, confidence interval; PEEK, polyetheretherketone; FSU, functional
segmental unit

Table 7. Multivariate analysis for the variables that affect pseudar- 
throsis and subsidence after one-level anterior cervical discectomy 
with stand-alone cage

 Variables
Pseudarthrosis Subsidence

Odds 
ratio p-value Odds

ratio p-value

Age >60 years
Female gender
Smoking history
Implanted level (C5-C6)
Cage style (PEEK cage)
Cage height ≥7 mm
Allograft
Angle of FSU (lordosis)
Cervical curvature (lordosis)
Preoperative disc height

1.067
0.784
0.173
0.471
1.042
0.214
0.730
6.097
6.792
1.557

0.935
0.832
0.023
0.348
0.968
0.225
0.688
0.095
0.061
0.393

 0.199
 0.198
 0.201
 0.766
 0.153
15.808
 0.973
 1.321
 2.900
0.562

0.060
0.173
0.122
0.744
0.083
0.037
0.970
0.754
0.275
0.222

CI, confidence interval; PEEK, polyetheretherketone; FSU, functional
segmental unit

Table 5. Statistical analysis of two correlative factors (pseudarthrosis
and subsidence) that affect clinical outcomes after one-level anterior
cervical discectomy with stand-alone cages
 Pseudarthrosis Subsidence

Clinical outcomes Odds ratio p-value Odds ratio p-value

Neck VAS
Arm VAS
NDI

1.529
0.864
0.830

0.052a

0.217a

0.057a

1.168
0.935
0.924

0.356a

0.520a

0.273a

aThe χ2 test

the following patient characteristics and clinical features were 
evaluated: age (>60 years), gender, smoking history, implanted 
level (C5-C6 vs. others), cage style, cage height ≥7 mm, auto-
graft vs. allograft, preoperative disc height, preoperative FSU 
angle (lordosis), and preoperative cervical curvature (lordosis).

In univariate analysis, smoking history was correlated with 
fusion. The statistical results are shown in Table 6. In multi-
variate analysis, smoking history was an independent predic- 
tive factor for pseudarthrosis (OR=0.173; 95% CI, 0.038-0.788; 
p=0.023). Subsidence, in univariate analysis, was influenced 
by cage height ≥7 mm and preoperative disc height. In multi-
variate analysis, only cage height ≥7 mm(OR=15.808; 95% 
CI, 1.183-211.156; p=0.037) was significantly associated with 
subsidence, but preoperative disc height was not associated 
with the subsidence (Table 7).

4. Complications

Postoperative complications occurred in 5 (2.4%) of the 58 
patients. In one patient, a hematoma developed in the cervical 
region, and an emergent hematoma evacuation was performed. 
In one patient, an iliac crest hematoma developed, which re-
solved on its own within 3 weeks of surgery. Three patients 
presented with postoperative hoarseness.

During the follow-up period, two patients presented with 
adjacent segment disease superior to the fused level, which 
was treated with further surgery.
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DISCUSSION

In the present study, arm pain, based on the preoperative 
and postoperative VAS, showed significant improvement. There 
was significant relief of neck pain and recovery of neck func-
tion after ACDF. Smoking history was significantly associated 
with the fusion status, and implanted cage height ≥7 mm was 
significantly associated with the development of subsidence. 
There were no differences in the clinical and radiological out-
comes between the CFCFC and the PEEK cage groups.

Cages were introduced as a substitute for autologous iliac 
bone grafts and have been widely used because they avoid 
autograft harvesting-related complications. In the literature, 
although the fusion rate in patients who were treated with 
autografts is superior or similar to that of patients who were 
treated with cages, the clinical results were comparable bet- 
ween the two groups11,15,21,23,25,29). A few other reports have 
compared different cage systems6,16,19). Matge et al. treated 
228 cervical radiculopathy patients using five different cages 
that were composed of titanium or PEEK16) and reported that 
good to excellent results were achieved in most patients. Niu 
et al. reported on the outcomes of titanium and PEEK cages 
in 1- and 2-level ACDF procedures19). Although the PEEK 
cages were superior to the titanium cages in maintaining the 
cervical interspace height and radiographic fusion, the two 
cage groups showed similar clinical outcomes. Chou et al. not-
ed that the fusion rate was similar between the titanium and 
PEEK cages, but the complication rate was higher with the 
titanium cages compared to the PEEK cages6).

CFCFC and PEEK cages have some advantages over the 
titanium or metal cages. The elastic modulus of the CFCFC 
and PEEK cages are close to that of bone9), which helps to 
decrease the stress shielding and to promote bony fusion as 
described in Wolff’s law27). The two cages investigated in the 
current study were radiolucent, which helps in the visual-
ization of bone growth and repair with computed tomography 
and X-ray imaging. Furthermore, diagnostic MRI is possible 
for patients who underwent implantation with these cages be-
cause they are non-metallic. In the present study, despite the 
similar clinical outcomes, the radiological results were differ-
ent between the CFCFC and the PEEK cage groups. The fu-
sion rate was 68.6%(24 of 35 patients) in the CFCFC group 
and 82.6% (19 of 23 patients) in the PEEK cage group (p=0.232). 
In addition, the subsidence rate was 34.3%(12 of 35 patients) 
and 26.1% (6 of 23 patients) in the CFCFC and PEEK cage 
groups, respectively (p=0.509). These differences might be 
due to the differences between the elastic modulus of the 
CFCFCs and the PEEK cages. The elastic modulus of the CFCFCs 

(45 GPa) is higher than that of the PEEK cages (3.4 GPa)9). 
Consequently, the stress shielding effect of the CFCFCs is 
higher than that of the PEEK cages, which might have resulted 
in the findings of the present study. However, based on the 
differences in the elastic modulus between the CFCFCs, the 
PEEK cages and the titanium cages, these radiological results 
of the present study are discouraging compared to those of 
patients implanted with titanium cages. Fusion rates between 
70 and 100% were reported in patients who were implanted 
with titanium cages17,18,25,28). Based on these findings, the ra-
diological outcomes do not seem to be solely affected by the 
cage material. Furthermore, multivariate analyses revealed 
that cage style was not correlated with the radiological out-
comes in the present study.

The role of smoking on the development of pseudarthrosis 
has been well documented in fusion1,3,12). Based on a rabbit 
lumbar fusion model, Daftari et al. proposed that the in-
hibition of revascularization of cancellous bone grafts by nic-
otine may be the mechanism by which smoking adversely af-
fects fusions7). In the present study, the pseudarthrosis rate 
in the patients with a positive smoking history was more than 
5 times that of the rate in the patients without a positive 
smoking history (OR=5.764; p=0.023). Despite the negative 
effect of smoking on fusion, the clinical outcomes were not 
different between the smokers and nonsmokers in the present 
study. Hilibrand et al. reported that the nonsmokers had bet-
ter functional status than the smokers in the group that under-
went multilevel interbody grafting12). However, in the same 
study, the group that was treated with subtotal corpectomy 
and strut-grafting showed no significant differences between 
the clinical outcomes of the nonsmokers compared to the smo- 
kers. Although there was no conclusive evidence about the 
negative effect of smoking on the clinical outcomes, surgeons 
should be cautious about performing ACDF in patients who 
smoke. In addition, surgeons should inform the smokers who 
are scheduled for fusion surgery about the effects of smoking.

Subsidence in ACDF with the implantation of stand-alone 
cages has been problematic despite the theoretical advantages 
of cages. In the present study, cage height ≥7 mm was in-
dependent risk factors for subsidence based on the multivariate 
analysis. The selection of proper cage size is usually based on 
the measure of disc height obtained from preoperative radio-
graphic images and by intraoperative evaluation using a trial 
cage to confirm initial stability. In the present study, subsidence 
occurred in 17 of 40 patients with an implanted cage height 
that was ≥7 mm but only in 1 of 18 patients with implanted 
cage height that was <7 mm, which represents a significant 
difference. In an in vitro study, it was shown that significantly 
higher distractive and compressive forces were correlated with 
larger grafts26). In an in vivo study, it was demonstrated that 
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there was a statistically significant linear correlation between 
the distractive force that is applied across the discectomy site 
and the subsequent compressive force across a load cell in 
the interbody space following the distractor removal8). These 
findings suggested that larger cage heights might require larger 
distractive forces to implant and consequently to produce a larger 
compressive force toward the end plate, which may cause sub-
sidence of the cages after ACDF with stand-alone cages. In 
the current study, pseudarthrosis or subsidence did not affect 
the clinical outcomes, however, it never means that fusion 
is not necessary for clinical outcomes. Surgeons should be cau-
tious about smoking history, and the selection of cage height 
in ACDF with stand-alone cages to prevent pseudarthrosis and 
subsidence.

Although further studies are required to determine the rela-
tionship between cage size and subsidence, surgeons should 
be cautious about the appropriate selection of cage sizes. The 
present study has several limitations. The retrospective nature 
of the review and the small patient population may limit the 
significance of the results. Because only 35.2% of the total 
165 patients who underwent one-level ACDF procedures were 
investigated in the present study, the clinical and radiological 
outcomes could be influenced by selection bias. Because there 
was a statistically significant difference in some of the factors 
between the CFCFC and the PEEK cage groups, conclusions 
based on the comparison between the two groups may be 
limited. Another weakness of this study is regarding fusion 
criteria. We defined pseudarthrosis as a distance change of 
more than 2 mm between the tips of the spinous processes 
on flexion-extension lateral radiographs. However, this crite-
rion has a limitation. Although the distance change of inter-
spinous process is less than 2 mm, there is a possibility of 
non-union. This is a reason that further study is needed with 
computerized tomography. And. although the mean follow-up 
period was more than 2 years, there was some patients with 
a follow-up period of less than 2 years. This follow-up period 
may not reflect the long-term outcome, and consequently, it 
is difficult to decisively conclude which cage system is more 
efficient in one-level ACDF with implantation of stand-alone 
cages.

CONCLUSION

The clinical and radiological results were similar in the pa-
tients who underwent ACDF with implantation of stand-alone 
CFCFCs compared to those who underwent implantation with 
PEEK cages. Although pseudarthrosis or subsidence did not 
affect the clinical outcomes, surgeons should be cautious about 
smoking history, and the selection of cage height in ACDF 

with stand-alone cages to prevent pseudarthrosis and subsidence.
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