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INTRODUCTION

After the first description of anterior cervical discectomy
and fusion (ACDF)7,19), the surgical techniques and cages
have been modified to minimize the complications associat-
ed with interbody fusion5,14). There has been an advent of
various types of cages to avoid the problems associated with
tricortical iliac crest graft, particularly donor site morbidi-
ty2,18). Recently, this operation has undergone changes invol-
ving synthetic interbody cages with materials such as tita-
nium, carbon fiber, and polyetheretherketone (PEEK)4,12,16).
However, a study of Bartels et al.3) has raised concerns in
regard to subsidence failure of stand-alone cages. They
investigated the subsidence of a carbon fiber reinforced poly-

mer cage and reported a high rate of subsidence of approx-
imately 30%. This prompted us to review our own cases of
ACDF in which a PEEK cage (SolisTM cage, Stryker Spine,
Allendale, NJ) was utilized as a stand-alone device. We
evaluated the radiologic outcomes and an attempt was
made to reflect exact subsidence rate measured by a proper
radiologic method.

MATERIALS AND METHODS

Forty-two patients who underwent the ACDF using the
SolisTM cage from July 2004 to November 2006 were in-
cluded. Surgical indications were limited to degenerative
cervical disc disease and cervical spondylotic radiculopathy
or myelopathy. The retrospective investigation was conduct-
ed in May 2007. 

Surgical technique
Surgical procedure was performed using a standard anterior
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cervical approach. Microscope-assisted
discectomy and decompression were
performed. The cartilaginous end plate
was removed with curettage and the
posterior longitudinal ligament was
opened and removed. The bony end
plates were protected from drilling or
curetting procedure. After the dura was
decompressed, an appropriate-sized
cage for disc space height was selected
with trial cages in the operative field.
The cage was filled with allograft bone
chip or the demineralized bone matrix
(DBM) and gently impacted into the
prepared disc space. The SolisTM cage is a hollow frame with
retentive teeth on the top and bottom, which improve the
fixation of the cage to the bone. The two associated titanium
pins are placed vertically in the medial plane and inserted 1
mm into adjacent vertebral bodies. After surgery, all patients
were instructed to use a soft cervical collar for comfort during
the first 8 weeks.

Radiological outcome assessment
Plain lateral radiographs were taken after surgery and at 4

and 8 weeks after operation. At least 6 months after surgery,
the last follow-up neutral lateral, flexion and extension
radiographs and two-dimensional computed tomography
(2D CT) were taken. In this study, a proper method of disc
space height measurement was applied to each case. Total
intervertebral height (TIH) of two fused vertebral bodies was
measured as distance between the mid-point of upper end
plate of cranial vertebral body and the mid-point of lower
end plate of caudal vertebral body on digital radiographs
with built-in software (Marosis 5.0 PACS viewer, Marotech,
Korea) (Fig. 1). Degree of subsidence (ΔTIH) was reflected
by difference between the immediate postoperative TIH and
the follow-up TIH. ΔTIH was calculated as a difference
between TIH at the immediate postoperative and TIH at
the 4 weeks, 8 weeks and the last follow-up lateral ra-
diographs (Fig. 2A). With the same method, change of
postoperative disc space height (CT-MR ΔTIH) was
reflected by the difference between TIH of the postoperative
mid-sagittal 2D CT and that of the preoperative mid-sagittal
T1-weighted MRI. CT-MR ΔTIH was calculated between
TIH of the postoperative CT and that of the preoperative
T1-weighted MRI (Fig. 2B). ΔTIH greater than 3 mm was
considered as relevant subsidence9,20) (Fig. 3). A negative CT-
MR ΔTIH represents that the postoperative disc space
height was decreased compared with preoperative disc space
height. Fusion was assessed with the 2D CT by observation
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Fig. 1. Digital radiologic images on which total inter-vertebral height (TIH) of the two fused
vertebral bodies. The distance between the mid-point of upper end plate of cranial vertebral body
and the mid-point of lower end plate of caudal vertebral body was measured with in-built software
(Marosis 5.0 PACS viewer, Marotech, Korea). TIH are measured on the postoperative lateral plain
radiograph (A), postoperative mid-sagittal 2D computed tomography (B), preoperative mid-sagittal
T1-weighted magnetic resonance image (C).

Fig. 3. Radiographs demonstrating the cage subsidence in the imme-
diate postoperative (A) and the last follow-up (B). Δtotal inter-vertebral
height greater than 3 mm was considered relevant subsidence (ΔTIH :
34.85-31.22 = 3.63mm > 3mm). 
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Fig. 2. Diagram showing measurement of total inter-vertebral height
(TIH) of the two fused vertebral bodies, the black arrow head is the mid-
point of upper end plate of cranial vertebral body, the white arrow head
is the mid-point of lower end plate of caudal vertebral body and the
arrow line indicates TIH. A showing measurement of ΔTIH (difference
between the immediate postoperative TIH and the follow-up TIH in the
lateral radiographs). B showing measurement of computed tomography
(CT)-magnetic resonance (MR) ΔTIH (difference between TIH of the
postoperative mid-sagittal 2D CT and that of the preoperative mid-
sagittal T1-weighted MR). The degree of subsidence was reflected by
ΔTIH and the change of postoperative disc space height was reflected
by CT-MR ΔTIH.
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of bony bridge formation around or inside the cage or
increase of bone density inside the cage (Fig. 4). 

Statistical analysis
Descriptive data are represented as mean±standard devi-

ation (mm). For comparison of nonparametric data, Wil-
coxon rank-sum test and Wilcoxon Two-Sample test were
used. The level of significance was a probability value of less
than 0.05. All analyses were performed using a commercial
software package (Statistical Analysis System, SAS institute,
Cary, NC).

RESULTS

Demographic results
Among the 42 patients who underwent ACDF with

SolisTM cage for cervical disease, 7 patients were lost to
follow-up and in 3 patients, the measurement of TIH was
not possible because of the obscuration by shoulder on the
lateral radiograph. In the total 32 patients (27 patients had
a single level fusion and 5 patients two-level fusion), 37
fusion levels were assessed. The mean follow-up period was
18.9 months (range, 6-34 months). All patients were male.
The mean age was 57.4 years (range 43-68 years). 

Radiological outcome
The mean±standard deviation of TIH measured at the

preoperative, immediate postoperative, 4 weeks, 8 weeks and
the last follow-up radiographs were given in Table 1. ΔTIH
of 4 weeks, 8 weeks and the last follow-up were listed in
Table 2. None of ΔTIH at  4 weeks and 8 weeks were gre-
ater than 3 mm and there were 3 cages where ΔTIH at the
last follow-up were more than 3 mm. That is, subsidence
greater than 3 mm was observed in 3 cages at the last follow-
up (8.1%, 3 of 37 cages). 

The mean±standard deviation of CT-MR ΔTIH was
1.73±1.08 mm and there was no negative CT-MR ΔTIH,
indicating that the postoperative disc space height was

increased in all cages, compared with
the preoperative height. 

For comparison of subsidence and
non-subsidence cage, each cage was
grouped into subsidence cage group
(n=3) and non-subsidence cage group
(n=34). TIH and CT-MR ΔTIH of
each group were analyzed statistically
(Table 3) and TIH of each group was
graphed in Fig. 5. Until the 8th week,
there were no statistically significant
difference in TIH between non-subs
idence group and subsidence group.
Statistically significant difference was
observed at the last follow-up between
the two groups (p=0.0497), indicating
that the subsidence was seen after than
8 weeks after surgery. There was no
statistically significant difference in
CT-MR ΔTIH between the two
groups, which means that the develop-
ment of subsidence did not correlate
statistically with the change of the
postoperative disc space height.   

Fig. 4. The two-dimensional computed tomography findings of fusion
state. There is bony bridge formation around or inside the cage and
increasing bone density inside the cage. Coronal reconstruction view
(A), sagittal reconstruction view (B).

Table 3. TIH and CT-MR TIH of non-subsidence cage group and subsidence cage group

TIH�

CT-MR
Immediate

4th week 8th week
The last

ΔTIH�

postoperative follow-up

Non-Subsidence* 35.68±1.82 34.96±1.76 34.48±1.71 33.92±1.78 1.84± 1.10

(n=34)

Subsidence* 34.56±2.51 33.63±2.37 33.46±2.76 30.59±2.27 1.53± 1.08

(n=3)

p value 0.7404 0.7824 0.5498 0.0497 0.7304

The level of significance was a probability value of less than 0.05. *descriptive data represents mean±
standard deviation (mm), �Statistic analysis between TIH of non-subsidence and subsidence groups was
performed with the Wilcoxon rank-sum test, �Statistic analysis between CT-MR ΔTIH of non-subsidence
and subsidence group was performed with the Wilcoxon Two-sample test 

Table 2. TIH at 4 weeks, 8 weeks and the last follow-up*

Follow-up

4th week 8th week The last follow-up

ΔTIH� 0.74±0.51 1.24±0.50 1.99±0.90
*descriptive data represents mean±standard deviation (mm),�ΔTIH=difference between the immediate 
postoperative TIH and the follow-up TIH (4th, 8th week and the last follow-up)

Table 1. Total inter-vertebral height (TIH) of the two fused vertebral bodies*

Preoperative
Immediate

4th week 8th week
The last

postoperative follow-up

TIH� 33.69±2.16 35.57±1.87 34.83±1.82 34.38±1.76 33.57±2.08
*descriptive data represents mean±standard deviation (mm),�TIH indicates the distance between the 
mid-point of upper end plate of cranial vertebral body and the mid-point of lower end plate of caudal
vertebral body
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At the last follow-up 2D CT, fusion was demonstrated in
30 patients (93.7%, 30 of 32 patients). Among the patients
who did not present fusion, one patient had only one-level
fusion failure in the two levels operated. Therefore, overall
fusion was noticed in 35 cages (94.5%, 35 of 37 cages). 

DISCUSSION

Importance of subsidence assessment 
Cage stand-alone technology, as presented by Bagby1),

was found on the principle of distraction compression. A
sufficiently distracted intervertebral space after discectomy
could be stabilized for multidirectional movement by ten-
sion forces of residual annulus and ligaments. Cages filled-
up with autologous material, allograft or bone substitute
would resist disc space collapse and should not migrate
until fusion occurred, allowing biological bone healing in
an incompressible spacer. In clinical practice6,8,13), distrac-
tion with restoration of disc height in degenerative spine
increased intervertebral foraminal volume and contributed
to nerve root decompression as measured experimentally.
But, in vitro study10,21), simulated repeated neck movements
caused not only an increase of the flexibility but also subsid-
ence of the implants into the adjacent vertebrae. The
relation between flexibility increase and subsidence seemed
to depend on the implant design : subsiding threaded cages
partially supported spinal stability whereas subsiding im-
pacted cage did not. In the threaded cage group, a large
subsidence depth was associated with a small increase in
flexibility and a small subsidence depth with a large flexi-
bility increase. But, the impacted cage group showed the
inverse behavior. In conclusion, subsidence that occurred in
ACDF with impacted cage would be the cause of reduction

of intervertebral foraminal volume and instability of cer-
vical spine, which would result in foraminal root compres-
sion symptoms, pseudoarthrodesis and failure of stand-
alone cage. Therefore, subsidence following ACDF has
been a foremost concern ever since development of the
surgical procedure.

Why measure the total intervertebral height of
the two fused vertebral bodies?

Many reports have described risk factors of subsidence,
clinical correlation with subsidence, fusion rate and subsid-
ence rate for the different cages3,9,11,15,20). Although there were
many factors known to influence the subsidence, the results
of these reports would have deviation and an obser-vational
error because of different methods and inaccurate
measurement. Several authors3,9,15) decided the degrees of
subsidence as the direct measurement of change of the
intervertebral disc space height with a reported subsidence
rate 29.2% to 55.6%. But, we believe that direct measure-
ment of changes of the intervertebral disc space height does
not accurately reflect the degree of subsidence. Because the
intervertebral disc space height was reduced not only by
subsidence but also by bone growth of upper and lower end
plate, subsidence was thought to be overestimated by bone
growth in the intervertebral disc space after operation. It is
also difficult to obtain accurate measurement of the interver-
tebral disc space height in case of radio-opaque cages like
titanium material. In this regard, others11,20) have measured
the subsidence with different methods. They decided the
degree of subsidence as the change of the total vertical
height of two fused bodies. The measurement of the total
vertical height of two fused bodies was more reasonable. But,
because of intra-individual variations of the magnification
factor in the radiographs, this method was modified for
magnification differences by using the anteroposterior
diameter of the upper vertebral body on the lateral cervical
radiograph17). This method was expressed not in a numer-
ical data but in a ratio data without calculating the quantity
of subsidence. Because of these reasons, we aimed to find a
proper method for the assessment of subsidence. In this
study, proper radiologic assessment was applied to measure
the subsidence of the cage. Because our radiographs were
made by digital data, we have attempted various methods to
find an accurate and relevant method for measurement of
subsidence. Among the various attempts, the measurement
of TIH and calculation of ΔTIH and CT-MR ΔTIH
were chosen for the assessment of subsidence. The method
applied in this study was not directed to measure interver-
tebral disc space height changes. As a result, subsidence was
not overestimated by bone growth, and accurate measure-
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Fig. 5. The graph illustrating total inter-vertebral height (TIH) of non-
subsidence group and subsidence group at each follow-up. Until the 8
week follow-up, there was no statistically significant difference in TIH
between non-subsidence group and subsidence group. Statistically
significant difference is observed at the last follow-up(p=0.0497),
indicating that the subsidence has occurred at later than 8 weeks after
surgery.



ment was possible in case of radio-opaque cages. Moreover,
TIH was measured on digital radiographs with built-in
software, capable of measuring the length to 1/100 mm, this
method offers a very accurate numerical data and the process
of correction for magnification differences was unnecessary.
For this reason, the measurement of TIH was thought to
be the most proper method and will avert the pitfall. How-
ever, the disadvantage of this method is that the TIH cannot
be measured in invisible cases (3 cases) at the lower end-plate
of C7 or T1 obscured by the shoulder on the radiograph. 

Subsidence of SolisTM cages
In this study, the radiological outcome of 37 SolisTM cages

in 32 patients was evaluated with this method after mean
follow-up period of 18.9 months. Fusion was achieved in
94.5% at the last follow-up, and subsidence greater than 3
mm was observed in 8.1% of cages. Although clinical
analysis for the patients was performed simultaneously with
radiologic follow up, only radiological outcome was review-
ed in this study in terms of cage subsidence, and the clinical
results and assessment will be followed in a separate report.
Statistical analysis of subsidence revealed that the subsid-
ence was seen later than 8 weeks after surgery. This is
somewhat different from the other results3), which reported
that subsidence was seen at 6 weeks postoperatively and
progression was not noticed afterward. The authors, how-
ever,  believe that long term follow-up greater than 8 weeks
may be clinically necessary for ACDF with SolisTM cages.
Colpan et al.8) reported that cervical intervertebral height
and cervical foraminal area significantly increased after cer-
vical ring cage placement but subsidence during the follow-
up period negatively affected foraminal area. However, in
overall, there was a relative increase of foraminal area and
intervertebral height when compared with preoperative
values. In this study, as the same result of Colpan et al.,
there was no negative CT-MR ΔTIH, which represents
the postoperative disc space height was more increased than
the preoperative disc space height. Moreover, the develop-
ment of subsidence did not correlate statistically with the
change of the postoperative disc space height.

CONCLUSION

ACDF with SolisTM cages was associated with relatively
good radiologic long-term results. Fusion was achieved in
94.5% at the last follow-up, and subsidence greater than 3
mm occurred in 8.1% of cages by the new radiologic
assessment. Statistic analysis of subsidence reveals that the
subsidence seen later than 8 weeks after surgery and the
development of this subsidence does not correlate statistically

with the change of the postoperative disc space height. 
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