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the use of plating system is using to overcome the kyphosis and 
to restrict micro-motion. Here, we present the radiological and 
clinical outcomes of patients who underwent cylindrical cage 
procedures after long-term follow-up of at least 36 months. 

MATERIALS AND METHODS

Patient selection
From 2003 to 2006, anterior interbody fusion with a cylindrical 

cage (AMSLUTM cage, Eurosurgical, Amsterdam, The Nether-
lands) was performed in 138 patients (Fig. 1). Among these pa-
tients, a total of 99 were followed-up for more than 36 months 
and were retrospectively enrolled in the present study through 
reviews of medical charts, operative notes, and radiologic images.

INTRODUCTION

Anterior cervical discectomy and fusion (ACDF) is widely 
recommended and is the gold standard of treatment in degener-
ative cervical disease9,12,36). In addition, autografts of iliac crest 
bone for ACDF are associated with higher fusion rates than al-
lografts due to superior osteoconductive and osteoinductive 
properties2,13). However, complications related to autologous iliac 
bone graft include severe donor site pain, increased operative 
time, and wound infection2). Recently, to overcome these disad-
vantages, surgical techniques using cages have been recom-
mended1,3,23). Among these devices, the cylindrical titanium cag-
es had been used, sometimes, with the advantages such as easy 
maneuverability and short operating time23). However, recently, 
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complications. For the evaluation of cage subsidence, interver-
tebral disc height was measured by dividing of the sum of the 
three points including the anterior, posterior, and midpoint in-
terbody distance by 323). Subsidence was defined as any settle-
ment in disc height of at least 3 mm on lateral radiographs. We 
defined bony fusion as occurring when segmental motion was 
not noted in dynamic radiographs and there was no radiolu-
cency around the cage14). The kyphotic angle was measured be-
tween the superior line of the upper body and inferior line of 
the lower body of the vertebra only in the operative level when 
12 months postoperative day, compared with immediate post-
operative lateral views. The degree of osteophyte formation was 
evaluated using the classification scheme shown in Table 1. 
Whole series radiographs were used to determine surgical com-
plications related to cage placement.

Surgical technique
All surgical procedures were performed by a single surgeon 

using a standardized technique. Using a microscope, the anteri-
or osteophyte was removed in order to approach the disc space, 
after which cervical dissection was performed by the traditional 
Smith-Robinson procedure. Next, causative lesions such as disc 
fragments or hard discs were removed as completely as possible 
to preserve the endplates with curettage. And then, the inter-
vertebral disc space was reamed away with the decision of the 
cage height according to reamer size at the same time. The cy-
lindrical cage packed with reamed bone and anterior osteo-
phytic bone was inserted by turning an implant inserter clock-
wise and applying light pressure.

Clinical assessment
For assessments of clinical outcomes, visual analogue scale 

(VAS) scores were taken at the same radiologic follow-up times. 
Final clinical outcomes were assessed according to Odom’s cri-
teria35).

Statistical analysis
Spearman’s correlation coefficient and phi correlation test 

were used to evaluate the relevance among age, sex, T-score, 
VAS score, and clinical outcome related to subsidence and loca-
tion of osteophyte formation. The Mann-Whitney U test was 
used to identify relationships with subsidence of age, VAS score 
and T-score, while the chi-square test was used to analysis sub-
sidence related factors including sex and levels. p-values less 
than 0.05 according to analyses using SPSS (Version 13.0 : SPSS 
Inc., Chicago, IL, USA) were considered statistically significant.

RESULTS

Patient demographics (Table 2)
Among the 138 patients enrolled in the study, 38 patients with 

47 levels were lost to follow-up. In addition, 4 cases were exclud-
ed due to early stage infection after receiving autologous iliac 

Radiologic assessment
Plain radiographs including anterior-posterior views and lat-

eral views including neutral, flexion, and extension were ob-
tained during the preoperative period, immediately after sur-
gery, 6 months, 12 months, 24 months, and at least 36 months 
after surgery. 

At each follow-up, we evaluated radiographs for bony fusion, 
subsidence, kyphotic angle from cage direction change, osteo-
phyte formation of anterior and posterior portion, and surgical 

Table 1. Osteophyte formation grades

Grade Description
0 Osteophyte formation (-)
I Osteophyte formation (+), did not reach the disc space

II Osteophyte formation (+), reached the disc space 
  (upper or lower level)

III Osteophyte formation (+), reached the disc space 
  (upper and lower levels) without bridge formation 

IV Osteophyte formation (+), with bridge formation

Table 2. Demographics of patients enrolled in the study

Number
Study period Jan. 2003-Dec. 2006
Total patients (levels) 96 (112)
Mean age (range) 48.4 years (29-72)
Male : Female 51 : 45
Mean follow-up period 38.61 months (range, 36-68)
Level
    Single level 80 patients
        C34   2
        C45   9
        C56 50
        C67 19
    Two level 16 patients
        C34/C45   1
        C45/C56   5
        C56/C67 10
Bone fusion rate 100%

Fig. 1. The cylindrical titanium cage (AMSLUTM cage, Eurosurgical, 
Amsterdam, The Netherlands) used in the present study. 
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for whom subsidence had occurred and 14 (82%) for whom 
subsidence had not occurred (Table 6). Statistical analyses of 

bone grafts using the anterior plate and screw system after infec-
tion control. Thus, a total of 96 patients (112 levels) were enrolled 
in the present study. The males were 51 patients and females were 
45. The mean age of enrolled patients was 48.4±9.09 years (range, 
29-72 years). The longest follow-up period was 68 months with a 
mean follow-up of 38.6±4.06 months. The levels of anterior inter-
body fusion surgery were C3-4 in 3 levels, C4-5 in 15, C5-6 in 65, 
and C6-7 in 29. Two-level surgery was performed on the C45/
C45 levels in one patient, C45/C56 in 5 patients, and C56/C67 in 
10 patients. Bone fusion was confirmed in all enrolled cases 
(100%) via dynamic lateral views at 12-month follow-up visits. 

Subsidence (Table 3)
The mean disc heights were as follows : 7.32±0.73 mm in pre-

operative evaluations, 9.00±0.31 in immediate postoperative 
evaluations, 6.94±0.79 at 6 months, 6.54±0.57 at 12 months, 
5.67±1.02 at 24 months, and 4.87±1.16 after more than 36 
months after surgery (Fig. 2). The rates of subsidence were de-
termined in 79 patients (82%) with 93 levels (83%). Of the 16 
patients who had two-level fusion, subsidence of all levels was 
observed in 14 (88%) : the two remaining patients had subsid-
ence at only one of the two levels (upper level in one patient 
and lower level in the other patient). 

Osteophyte formation (Table 4)
Formation of osteophytes (at least grade I) was observed in 

104 levels (93%) of the anterior margin and 48 levels (43%) of 
the posterior margin. Additionally, grade III or worse osteo-
phytes of the anterior and posterior portions were observed in 
21 of the levels (19%). Among them, lateral X-rays simultane-
ously revealed grade IV osteophytes at the anterior and posterior 
margins (Fig. 3). Other conditions associated with osteophyte 
formation were as follows : grade IV of the anterior portion and 
grade III of the posterior portion in 6 cases, grade III and grade 
IV in 1 case, and grade III and III in 4 cases (Table 5).

Kyphotic changes (Fig. 4)
The mean angle of kyphosis was 3.27°±8.51. Most common 

case did not show significant kyphotic changes except cases 
with cage directional changes. Among them, changes in cage 
direction causing cervical kyphosis were found in 35 levels. In 
these groups, the mean degree of kyphosis was 9.87±4.37° with 
a range of 2.75° to 17°. There was upward migration in 21 levels 
and downward migration in 14 levels. 

Cage related complications
There were no significant complications associated with cy-

lindrical cage placement, such as cage migration to the spinal 
cord or anterior displacement during follow-up radiographs.

Clinical outcomes
Final outcomes were evaluated by Odom’s criteria35). Clinical 

outcomes of ‘more than good’ were noted for 62 patients (78%) 

Table 3. Comparisons of subsidence rate between single-level and two-
level groups*

Subsidence Single-level Two-level Total
Presence 63 14 77
Absence 17     0* 17
Total 80 14 94

*Subsidence in one of the two levels in two cases

Table 4. Osteophyte formation after anterior cervical discectomy and fu-
sion using cylindrical cage

Grade Anterior portion Posterior portion
0   8 64
I 61 23
II 22   4
III 11 13
IV 10   8

Fig. 2. Graph presented the change pattern of subsidence according to 
the follow-up period. Subsidence progressed as time passed.
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Fig. 3. Grade IV osteophyte at the anterior and posterior margin in lateral 
X-ray.

Table 5. Simultaneous formation of osteophytes of grade III or higher on 
the anterior and posterior portions 

Anterior portion Posterior portion n (15)
III III 4
III IV 1
IV III 6
IV IV 4
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the enrolled patients showed that anterior osteophyte formation 
was not influenced by clinical VAS score : however, there was a 
solid correlation between posterior osteophyte formation and 
poor VAS score after 12 months. 

Statistical result among the various factors
Although T-scores were statistically significant with respect to 

subsidence (p=0.039), they were not correlated with osteophyte 
formation (p=0.089 in the anterior portion and 0.051 in the pos-
terior portion) according to analysis by level (Table 7). Likewise, 
T-scores were not correlated with subsidence and osteophyte for-
mation in one level surgeries (Table 8). Significant relationships 
between posterior osteophyte formation and VAS score were ob-

Table 7. Statistical analysis by Spearman’s coefficient correlation and phi correlation in all enrolled patients*

Mean
Subsidence Osteophyte_anterior Osteophyte_posterior

r p r p r p
Age   48.4   0.14 0.171   0.23   0.022* 0.19 0.063
Sex -0.03 0.768 -0.03 0.794 -0.10 0.314
T-score -0.45 -0.21   0.039* -0.17 0.089 -0.20 0.051
VAS_preop   7.94  016 0.110 -0.01 0.890 -0.08 0.411
VAS_immed   3.31   0.11 0.288   0.00 0.972   0.10 0.325
VAS_6 mo   1.98   0.10 0.347   0.13 0.192   0.16 0.114
VAS_12 mo   1.42   0.09 0.383   0.17 0.094   0.28   0.007†

VAS_24 mo   1.30   0.05 0.609   0.15 0.135   0.26   0.011†

VAS_final   1.23   0.06 0.551   0.18 0.073   0.26   0.011†

Outcome 0.1 0.871 0.2 0.061 0.3   0.009†

*VAS : visual analogue scale. †Statistical significance (p<0.05) 

Fig. 4. Kyphosis related cage direction change. The cage migrated up-
ward causing cervical kyphosis (A). Cervical kyphosis caused by down-
ward cage migration (B). 

BA

Table 6. Comparisons of clinical outcomes between the subsidence group and non-subsidence group* according to Odom’s criteria

Outcome Description Subsidence (+) Subsidence (-)
Excellent All preoperative symptoms relieved.

Abnormal findings improved
24   6

Good Minimal persistence of preoperative symptoms.
Abnormal findings unchanged or improved

38   8

Fair Definite relief of some preoperative symptoms.
Other symptoms unchanged or slightly improved

10   2

Poor Symptoms and signs unchanged or worse   7   1
Total 79 17

*Two patients with subsidence on one of the two levels were included in the subsidence group

Table 8. Statistical analysis by Spearman’s coefficient correlation and phi correlation in patients with one level surgery*

Mean
Subsidence Osteophyte_anterior Osteophyte_posterior

r p r p r p
Age 48.43   0.12 0.295 0.21 0.062 0.15 0.193 
Sex -0.07 0.533 -0.07 0.520 -0.13 0.251 
T-score -0.42 -0.19 0.098 -0.20 0.071 -0.21 0.059 
VAS_preop 7.9  0.20 0.080 -0.03 0.780 -0.09 0.424 
VAS_immed   3.36  0.11 0.331 -0.01 0.937 0.08 0.497 
VAS_6 mo   2.07  0.10 0.371 0.16 0.161 0.21 0.063 
VAS_12 mo   1.52  0.10 0.369 0.19 0.094 0.32   0.004† 
VAS_24 mo   1.35  0.06 0.572 0.13 0.257 0.28   0.013† 
VAS_final   1.33  0.07 0.529 0.18 0.120 0.32   0.003† 
Outcome 0.1 0.861 0.2 0.102 0.3   0.002†

*VAS : visual analogue scale. †Statistical significance (p<0.05)
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location, and usage of properly sized cages when using cylindri-
cal, threaded cage. However, in the present study we observed a 
higher rate of subsidence (93 of 112 levels) compared to previ-
ous reports. Although this rate reflects the definition of subsid-
ence used in our study, which is relatively large (3 mm) when 
considering cervical disc height, the 82% subsidence rate re-
ported in this study is nevertheless much higher than those of 
previous reports. Interestingly, according to a preliminary re-
port, the subsidence rate is 2% at 6 months and 22% at 12 
months23). Although several cases were lost during long-term 
follow-up, the subsidence had progressed in approximately 60% 
cases after 2 years. Despite identifying bone unions between 6 
and 12 months, in our opinion, this observation may reflect 
bony growth around the cage into the empty disc space through 
the cage pores. A previous study demonstrated that cylindrical 
cages have disadvantages with respect to subsidence rate, but 

served in patients with one level surgery (p<0.05), but not in two 
level treated patients (p>0.05) (Table 8, 9). When subsidence relat-
ed factors were evaluated, only T-scores were associated with sub-
sidence (p=0.04), while VAS scores were not (p>0.05) (Table 10). 
In addition, there were no relationships between subsidence and 
other factors such as sex and surgery level (p>0.05) (Table 11).

DISCUSSION

Traditional ACDF using autografts without plates, as recom-
mended by Robinson and Smith38) has several limitations such 
as graft collapse, graft expulsion, pseudoarthrosis, and donor 
site morbidities that include bleeding, infection, persistent pain, 
fractures of the iliac bone, and poor esthetic results2,7,17,30-32,39). 
Although plate systems and allografts reduce such problems, 
this method is still associated with complications including 
screw pull-out, breakage of the plate system, and lower bone fu-
sion rate in allograft materials6,27,32,41). Furthermore, the quality 
of autologous iliac bone is not always good in elderly patients40). 
Use of interbody cage addresses these problems associated with 
autologous iliac bone grafts, because there is no need to harvest 
autografts or to utilize allografts.

The cylindrical metal cage has many benefits including short 
incision, short operating time, low complication rate associated 
with bone graft, easy maneuverability of instrument and high 
rate of bone fusion23). However, the use of cylindrical cage is rel-
atively decreasing, because it has some complications, which 
failed to preserve disc height, prevent kyphosis, and preserve a 
natural intervertebral alignment26). Therefore, in the present 
study, authors investigated the some complication rate and clin-
ical correlation among them.

According to previous studies, the subsidence rates of cylin-
drical cervical cages are between 4% and 22%19,21,39). Türeyen 
demonstrated that the mean narrowing rate was 35.6±9% in 43 
patients, and asserted that subsidence is inevitable42). In con-
trast, Hida et al.20) found that subsidence was observed in only 
14 of 146 patients over a long follow-up period, probably due to 
the preservation of intervertebral cortical bone, anterior cage 

Table 10. Statistical analysis of subsidence related factors*

Absence Presence p value
Age 45.4±8.85 49.1±9.07 0.17
T-score -0.1±0.72 -0.5±0.94 0.04
VAS_preop 7.4±1.61 8.1±1.44 0.11
VAS_immed 3.0±1.50 3.4±1.51 0.285
VAS_6 mo 1.7±1.08 2.1±1.47 0.345
VAS_12 mo 1.2±1.31 1.5±1.34 0.381
VAS_24 mo 1.1±1.13 1.3±1.38 0.606
VAS_final 1.1±1.21 1.3±1.40 0.548

*Statistical analysis by Mann-Whitney U test, visual analogue scale (VAS)

Table 11. Statistical analysis of subsidence related sex and level*

Absence Presence
p value

Number (%) Number (%)
Sex Male 9 (50) 42 (53.8) 0.768

Female 9 (50) 36 (46.2)
Level C34 1 (5.6)   2 (2.6) 0.361

C45 2 (11.1) 12 (15.4)
C56 9 (50) 51 (65.4)
C67 6 (33.3) 13 (16.7)

*Statistical analysis by chi-square test, visual analogue scale (VAS)

Table 9. Statistical analysis by Spearman’s coefficient correlation and phi correlation in patients with two level surgery*

Mean
Subsidence Osteophyte_anterior Osteophyte_posterior

r p r p r p
Age 48.70 0.36 0.165 0.35 0.178 0.35 0.187
Sex 0.26 0.302 0.23 0.381 0.00 1.000
T-score -0.58 -0.42 0.104 -0.17 0.536 -0.24 0.373
VAS_preop 8.23 -0.14 0.597 0.03 0.901 -0.12 0.653
VAS_immed 3 0.24 0.367 0.19 0.491 0.32 0.229
VAS_6 mo 1.53 0.35 0.188 0.08 0.767 0.03 0.907
VAS_12 mo 0.88 0.30 0.257 0.15 0.571 0.19 0.474
VAS_24 mo 1.05 0.00 1.000 0.35 0.183 0.15 0.578
VAS_final 0.70 0.28 0.288 0.37 0.153 -0.01 0.977
Outcome 0.3 0.504 0.4 0.153 0.0 0.977

*VAS : visual analogue scale
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sidering that most of the kyphosis was detected in patients with 
subsidence, the kyphotic changes might have been due to direc-
tional changes (either upward or downward) that developed 
during cage settlement and subsidence. In other words, because 
the cylindrical cages were located in the disc space following 
partial destruction of the endplate, the cages may have migrated 
during the process of bone fusion. 

There were no cases of severe neurologic symptoms associat-
ed with radiological abnormalities including subsidence, osteo-
phyte formation at the anterior portion, or kyphotic curvature. 
The patients with radiological abnormalities did not have se-
verely aggravated VAS scores, and their neurologic symptoms 
including myelopathy, radiculopathy, and dysphasia were simi-
lar to those obtained after the postoperative period in the above 
cases. However, VAS scores and final clinical outcomes were 
decreased by posterior osteophyte formation. Therefore, neuro-
surgeons should keep in mind the possibility of spinal cord 
compression by posterior osteophyte formation. In addition, it 
is important to note that there were no cases neurological dete-
rioration associated with two level surgery, regardless of osteo-
phyte location. This result may have been due to the smaller 
number of patients who underwent two level surgery than one 
level surgery. Alternatively, two level cervical fusion with cylin-
drical devices was associated with less formation of posterior 
osteophytes, possibly due to the relatively restricted cervical 
motion that resulted compared with one level fusion.

There are several limitations in the present study. First, be-
cause we address only the long-term follow-up of cylindrical 
cage treatment, acute stage complications such as infections, re-
operation due to cage migration or malposition were not exam-
ined in this study. Second, it is possible that we overestimated 
osteophyte formation. 

CONCLUSION

The present study describes the long term (at least 36 months) 
follow-up results of cylindrical cage treatment according to ra-
diologic characteristics including subsidence, osteophyte for-
mation, and kyphosis in a large study sample. Cage subsidence 
and osteophyte formation were present in almost all of the cas-
es in our sample, which is inconsistent with the findings of pre-
vious reports. Surgeons should explain the possibility that neu-
rologic outcomes may be aggravated by posterior osteophyte 
formation in late stages to patients during preoperative prepara-
tion. Cylindrical cages are relatively safe when used in patients 
with normal BMD, with a possibility of subsidence and kypho-
sis during bone fusion in patients with low T-scores, although 
there are low risks of severe neurologic aggravation.
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are superior with respect to fusion rate4,26,42,43). To prevent sub-
sidence, interbody cages should meet several qualifications in-
cluding large contact surfaces and preservation of endplates. 
Because cylindrical cages should be drilled into the disc space, 
partial destruction of the endplate is inevitable, which improves 
bony ingrowth20,43). Bone mineral density (BMD) is another fac-
tor influencing subsidence43). Moreover, subsidence risk with 
respect to BMD is higher for cylindrical cages than for other 
types of cages43). In the present study, subsidence was strongly 
correlated with T-scores when evaluated in all enrolled whole 
patients, but not in individual one level and two level patients. 
This may be due to the small sample used for the present study.

Osteophyte formation is a degenerative process in the spine. 
Benneker et al.5) showed that several radiological findings, in-
cluding disc height loss, osteophyte formation, and intradiscal 
calcification, are correlated with morphological grades in de-
generative lumbar spine disease. Further, several studies have 
demonstrated that the process of osteophyte formation begins 
with the degeneration of intervertebral discs10,15,33). As interverte-
bral disc degeneration progresses, processes such as such as de-
hydration of the nucleus pulposus and disintegration of annulus 
fibrosus lead to compressive stiffness and disc fiber strains11,25,29). 
Additionally, external pressure and stress induces a remodeling 
process that causes osteophyte formation10,15,28,33). Osteophyte 
formation following ACDF at the fusion level has not been fre-
quently reported, but may occur at the adjacent level via degen-
erative changes caused by fusion surgery29,37). In our opinion os-
teophyte formation may follow ACDF using a cage because the 
remodeling process may be promoted by removal of preopera-
tive osteophytes in order to approach the disc space, although 
formation of osteophyte is not always correlated with removal of 
anterior spur. As conventional ACDF is performed using anteri-
or plates, there is no space for formation of osteophytes though 
ACDF using a cage, as cages limit anterior bony growth. In addi-
tion, because micro-motion may remain after neck motion, 
there are more external pressure and stress on the bony struc-
tures after fusion surgery using a cage than after ACDF using a 
plate system. So, better stability of plate system may restrict the 
formation of osteophyte. Finally, the identified osteophytes may 
be not true osteophytes, but rather external overgrowths of bone 
during the progression of subsidence and bone union. Thus, if 
osteophytes are defined only as anterior projections of bony 
formations from the anterior border, the rates of osteophyte 
formation may be underestimated in our data.

The lordotic curvature of the normal cervical spine may vary 
from 20° to 35° for C2 to C7, according to the measurement 
method used8,16,19,22,34). A previous report by Grob et al.18) found 
that abnormal sagittal curvature of the cervical spine is related 
to neck pain. Kyphotic misalignment following ACDF has also 
been accepted as a factor promoting degenerative processes in 
adjacent levels24). Therefore, kyphotic curvature must not be in-
creased during bony fusion. According to our data, however, 
the mean kyphotic change in 35 cases was about 9°. When con-
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