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Abstract

This study aimed to evaluate the influence of subsidence in patients who performed stand-alone anterior cervical discectomy Q
fusion (ACDF) by analyzing the long-term clinical and radiological outcomes. This retrospective study enrolled 53 patients with 79
segments with degenerative cervical disease treated with stand-alone ACDF with >5 years of follow-up. Segmental angle (SA),
cervical sagittal alignment (CSA), subsidence, and fusion were analyzed. Visual analog scale (VAS) scores and neck disability
index (NDI) were also evaluated. Subsidence occurred in 24 (45.2%) patients and 38 segments (48.1%) at the last follow-up.
The mean VAS score and NDI had improved in both the subsidence and non- subsidence groups. The mean SA at the last
follow-up had increased to 1.3° + 8.5° in the subsidence group and to 1.5° + 5.2° in the non-subsidence group compared with
the post-operative SA (P < .001). The overall mean CSA at the last follow-up increased over time in both the groups compared
with the post-operative CSA (P =.003). The fusion rate at 1 year after surgery was 86.8% and 82.9% in the subsidence and
non-subsidence groups, respectively. However, the differences in the SA, CSA, and fusion rates between the groups were not
statistically significant (P=.117, .98, and .682, respectively). Subsidence after stand-alone ACDF occurs to a certain capacity;
however, it does not appear to significantly influence the radiological and clinical outcomes if foramen decompression is adequately
and sufficiently provided in a long-term follow-up study. In contrast, subsidence appears to positively affect the fusion rate in the
short-term follow-up.

Abbreviations: ACDF = anterior cervical discectomy and fusion, AlH = anterior intervertebral height, CSA = cervical sagittal
alignment, CT = computerized tomography, MIH = middle intervertebral height, NDI = neck disability index, PEEK = polyether
ether ketone, PIH = posterior intervertebral height, SA = segmental angle, TIH = total intervertebral height, VAS = visual analogue
scale.

Keywords: anterior cervical discectomy and fusion, cervical alignment, long-term, stand-alone, subsidence

kyphotic changes or clinical deterioration. According to some
studies, cage subsidence occurred in 19% to 63% of the
patients after stand-alone ACDE.#12 Moreover, some studies
have demonstrated that stand-alone ACDF was unsatisfac-

1. Introduction

Anterior cervical discectomy and fusion (ACDF) with plate
fixation has been recommended for degenerative cervical

disease involving two or more levels, with instability and
kyphosis.['?l However, addition of a cervical plate is associ-
ated with cost issues and plate-related complications, such
as screw failure and dysphagia.l>-’! Therefore, several stud-
ies suggest that stand-alone ACDF without plate fixation is
an acceptable surgical option for cervical degenerative dis-
ease.!*”l However, the majority of these reports had a fol-
low-up period of <2 years. Meanwhile, the most critical issue
of stand-alone ACDF is subsidence, which can cause cervical
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tory, with worse radiological outcomes noted due to subsid-
ence, compared with standard ACDF with plate fixation.!3!4
In contrast, some studies have reported that cage subsidence
was not significantly associated with clinical and radiological
outcomes.[15:16!

This study aimed to evaluate the influence of subsidence in
patients who underwent stand-alone ACDF using polyether
ether ketone (PEEK) cages without plate fixation by analyzing
the long-term clinical and radiological outcomes.
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2. Materials and Methods
2.1. Patient population and study design

This study was performed according to the requirements
associated with patient anonymity and was approved by the
Institutional Review Board (CNUH-2020-054).

We conducted a retrospective review of 202 patients with
degenerative cervical disease who performed ACDF with or
without plate fixation performed by a single neurosurgeon
between 2009 and October 2015 at our institution. The inclu-
sion criteria were as follows: patients with cervical radiculopa-
thy or cervical spondylotic myelopathy unresponsive to medical
treatment; patients treated with one-, two-, or multiple-level
stand-alone ACDF; patients with a clinical and radiological fol-
low-up of 260 months after surgery. The exclusion criteria were
as follows: history of cervical spine surgery; presence of other
cervical diseases, including infections or tumors; patients with
clinical or radiological follow-up of <60 months after surgery.

In total, we enrolled 53 study patients with degenerative
cervical disease who performed stand-alone ACDF with a fol-
low-up duration of 260 months. To identify the patients’ clinical
characteristics, the clinical data at the time of treatment (includ-
ing age, sex, presenting symptoms, bone mineral density, level
of surgery, plain radiographs, computed tomography [CT] find-
ings, and magnetic resonance imaging findings of the cervical
spine) were collected.

2.2. Surgical technique

General anesthesia was used for all the patients. The standard
Smith-Robinson method was used to expose the involved seg-
ment. After exposing the affected prevertebral space, the align-
ment and affected levels were confirmed by intraoperative
fluoroscopy. After discectomy, the posterior annulus, posterior
longitudinal ligament, and osteophytes were removed. In most
cases, uncoforaminotomy was sufficiently performed to totally
decompress the nerve roots. The upper and lower cartilaginous
endplates were decorticated, preserving the bony endplates.
Local autologous bone chips were collected during removal
of osteophytes for grafting. The appropriate PEEK cage was
selected (Solis cage; Stryker, Allendale, NJ/Cornerstone cage;
Medtronic, Memphis, TN), and the cages were filled with a
demineralized bone matrix (Surefuse®; Hansbiomed Corp,
Seoul, South Korea), intermixed with autologous bone chips,
and inserted into the disc space. The operation was completed
without any anterior plating. All the patients wore a Philadelphia
cervical collar (Philadelphia Cervical Collar Co., Thorofare, NJ)
for 8 weeks.

2.3. Radiological and clinical evaluation

Plain radiographs were obtained in the anteroposterior, lat-
eral, flexion, and extension views pre-operatively, immediately
after surgery, 6 months after surgery, and subsequently once a
year. Moreover, pre-operative cervical spine CT and magnetic
resonance imaging images were obtained. Follow-up CT was
performed at 6 months after surgery and subsequently once a
year to evaluate fusion. Fusion was defined as motion of <2 mm
between the spinous processes on flexion-extension lateral
radiographs, <50% of radiolucency covering the implant’s
outer surface, and the presence of continuous bridging trabec-
ulae at the graft on simple lateral radiographs or CT images.”!
Segmental angle (SA), cervical sagittal alignment (CSA), and
subsidence were measured using lateral plain radiographs.
The SA was measured using the Cobb angle, that is, the angle
between the superior endplate of the upper adjacent vertebra
and the inferior endplate of the lower adjacent vertebra at the
operated disc level. The overall CSA was measured according
to the Cobb angle between the lower endplate of C2 and lower
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endplate of C7. Kyphosis was noted as a positive value, whereas
lordosis was noted as a negative value. The total intervertebral
height (TIH) was measured at the anterior, middle, and poste-
rior points of the superior endplate of the upper adjacent ver-
tebra and the inferior endplate of the lower adjacent vertebra
at the operated disc level (anterior intervertebral height [ATH],
middle intervertebral height [MIH], and posterior intervertebral
height [PTH]) (Fig. 1). Based on a serial TTH analysis, subsidence
was defined as a decrease in the TIH of >3.0mm at any three
points compared with the recorded post-operative TIH.!%13.18]
Two independent surgeons evaluated all the radiographs and
CT images.

To evaluate pain in the neck and arms, a visual analog scale
(VAS) was used pre- and post-operatively. The neck disability
index (NDI) questionnaire was administered pre- and post-op-
eratively and at the last follow-up.

2.4. Statistical analysis

We analyzed the radiological and clinical outcomes between
the subsidence and non-subsidence groups. Data were entered
into SPSS version 25.0 (SPSS, IBM, Chicago, IL). The chi-square
test was used to compare qualitative data between the groups.
One way analysis of variance was used for quantitative data. A
paired samples ¢ test was used to evaluate the results pre- and
post-operatively. The independent ¢ test and Mann—Whitney U
test for parametric variables were used for analyzing relation-
ships between the clinical and radiological outcomes and sub-
sidence. Quantitative data are presented as mean and standard
deviation and qualitative data as frequency or percentage. A P
value of <.05 was considered to be statistically significant.

Figure 1. Cervical sagittal angle (CSA), segmental angle (SA), and anterior,
middle, and posterior intervertebral height (AIH, MIH, and PIH) on lateral
radiographs of the cervical spine.
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3. Results

3.1. Patient characteristics

This study examined 79 treated segments in 53 patients. The
mean age of the patients was 60 (range, 33-75) years at the
time of the stand-alone ACDFE. There were 36 (67.9%) male and
17 (32.1%) female patients. Further, 29 (54.7%), 22 (41.6%),
and 2 (3.7%) patients underwent stand-alone ACDF surgery at
one, two, and three segments, respectively. Stand-alone ACDF
was performed more at the C4-5 level (34 segments, 43.1%),
followed by the C5-6 (25 segments, 31.7%), C6-7 (14 seg-
ments, 17.6%), and C3-4 (6 segments, 7.6%) levels. The mean
follow-up period after surgery was 89 (range, 60-162) months.
The baseline and pre-operative clinical characteristics of the
enrolled patients are presented in Table 1.

3.2. Radiological outcomes

Fusion was achieved for 67 segments (84.8%) at 1 year post-op-
eratively and for 79 segments (100%) at the last follow-up.
Additional surgical treatments for fusion were not required
during the follow-up period. Subsidence occurred in 38 seg-
ments (48.1%) in 24 (45.2%) patients at the last follow-up.
We divided the patients into the subsidence and non-subsid-
ence groups for a comparative analysis. There were 18 men
and six women with a mean age of 54.3 (range, 31-75) years
in the subsidence group and 18 men and 11 women with a
mean age of 50.9 (range, 33-71) years in the non-subsidence
group. The mean follow-up period was 75.5 (range, 60-108)
months and 83.8 (range, 60-162) months in the subsidence
and non-subsidence groups, respectively. No significant differ-
ence was noted in the number of segments involved (single- vs
multi-level) or the cage material used (Solis cage vs. Cornerstone

Clinical characteristics of patients.

Number of patients 53
Mean age; yr (range) 60 (33-75)
Sex, n (%)
Male 36 (67.9%)
Female 17 (32.1%)
BMD; mean -15+0.8
Stand-alone ACDF
One segment 29 (54.7%)
Two segments 22 (41.6%)
Three segments 2 (3.7%)
Level of segments, n (%) 79
C3-4 6 (7.6%)
C4-5 34 (43.1%)
C5-6 25 (31.7%)
C6-7 14 (17.6%)
Pre-operative TIH; mean (mm)
AH 352+38
MIH 344+34
PIH 347+34
Pre-operative SA; mean () -21+6.6
Pre-operative CSA; mean (9 -10.2+15.2
Pre-operative VAS neck 6.4+21
Pre-operative VAS arm 6.8+1.3
Pre-operative NDI 20.7£10.5
Fusion rate
1-yr after surgery 67 (84.8%)
Last follow-up 79 (100%)
Mean follow-up period; mo (range) 89 (60-162)

ACDF = anterior cervical discectomy and fusion, AIH = anterior intervertebral height, BMD = bone
mineral density, C = cervical, CSA = cervical sagittal angle, MIH = middle intervertebral height, NDI
= neck disability index, PIH = posterior intervertebral height, SA = segmental angle, TIH = total
intervertebral height, VAS = visual analog scale.
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cage) between the two groups (Table 2). The mean AIH, mid-
dle MIH, and PIH reported at the last follow-up decreased by
5.5+1.5,3.4+1.4, and 3.6 = 1.5 mm, respectively, in the sub-
sidence group and by 1.6 £ 1.4, 1.5+ 1.2, and 1.2 = 1.8 mm,
respectively, in the non-subsidence group compared with the
values recorded immediately after surgery. Although the AIH,
MIH, and PIH decreased significantly from after the surgery to
the last follow-up in both the groups, the TIH decreased signifi-
cantly more in the subsidence group than in the non-subsidence
group (P <.001) (Table 3). The ATH, MIH, and PIH had mainly
changed within 1 year after surgery (Fig. 2). The mean SA at
the last follow-up increased significantly by 1.3° = 8.5° at the
last follow-up in the subsidence group and by 1.5° = 5.2° in the
non-subsidence group compared with the post-operative values
(P <.001). The mean CSA at the last follow-up increased signifi-
cantly in both the groups compared with the values recorded
post-operatively (P =.003). However, the mean SA and CSA
difference between the groups were not statistically significant
(P=.117 and P = .98, respectively). The fusion rate at 1 year
after surgery was 86.8% in the subsidence group (33 of 38 seg-
ments) and 82.9% in the non-subsidence group (34 of 41 seg-
ments) on segmental analysis, and the difference in the fusion
rates between the two groups was not statistically significant
(P =.682) (Table 3).

3.3. Clinical outcomes

The overall pre-operative VAS score for neck pain was
6.4 +2.1 and 3.1 = 1.7 at the last follow-up. When compar-
ing the subsidence and non-subsidence groups, the score had
significantly improved to 3.2 + 2.2 and 3.7 = 1.4 in the sub-
sidence and non-subsidence groups, respectively (P <.001)
at the last follow-up, and no significant difference was noted
between the groups (P = .441). The overall pre-operative VAS
score for arm pain was 6.8 = 1.3 and 3.5 = 1.8 at the last fol-
low-up. Similarly, the VAS score had improved significantly
to 3.2+ 1.1 and 3.5+ 1.3 in the subsidence and non-sub-
sidence groups, respectively (P <.001) at the last follow-up,
with no significant difference between the groups (P = .631).
Furthermore, the NDI had improved over time during the
follow-up period in both the groups (P <.001), but the dif-
ference was not statistically significant (P =.705) (Table 4).
In one patient in the subsidence group during the follow-up
period, the VAS score for neck pain had improved; however,

Characteristics of patients in the subsidence and non-
subsidence groups.

Non-subsidence

Subsidence group group Pvalue”

Number of patients 24 29
Mean age, yr 54.3 50.9 104
Sex ratio (male:female) 18:6 18:11 .051
BMD -1.43+1.0 -1.52+0.8 793
Follow-up period (mo) 75.5 83.8 .078
Level of segments, n (%) 38 (48.1%) 41 (51.9%) 847

C3-4 4(10.5%) 2 (4.9%)

C4-5 16 (42.1%) 18 (43.9%)

C5-6 12 (31.6%) 13 (31.7%)

C6-7 6 (15.8%) 8 (19.5%)
Number of segments, n (%)

Single-level 11 (37.9%) 18 (62.1%) .057

Multi-level (two or three) 13 (54.2%) 11 (45.8%) .803
Cage material, n (%)

Solis 20 (44.4%) 25 (55.6%) 819

Cornerstone 18 (52.9%) 16 (47.1%) .841

BMD = bone mineral density, C = cervical.
*Comparison of mean values between the subsidence and non-subsidence groups.
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Radiological outcomes in the subsidence and non-subsidence
groups.

Subsidence Non-subsidence
group group Pvalue*
AH (mm) <.001*
Pre-operation 35.7 £ 3.1 34746 4761
Post-operation 36.8 £ 5.1 352 +3.7 1521
1-yr follow-up 329+44 339+19 4991
Last follow-up 31.3+36 337+33 186"
A Post-op—last f/u 55+15 16+14 <.001"
MIH (mm) <.001*
Pre-operation 345+25 343+42 8311
Post-operation 36.5+45 35.4+35 1551
1-yr follow-up 329+39 34417 2611
Last follow-up 32.6 +3.1 339+39 1101
A Post-op—last f/u 34+14 15+12 <.001t
PIH (mm) <.001*
Pre-operation 349+24 345+44 812t
Post-operation 36.5+4.3 353+3.2 12t
1-yr follow-up 33.2+38 349 +21 .353f
Last follow-up 329+28 341 +4.0 .3991
A Post-op—last f/u 36+15 12+18 <001t
Segmental angle () <.001*
Pre-operation -17+73 -25+6.0 1901
Post-operation -24+59 -38+47 7371
1-yr follow-up -19+74 -26+5.1 6681
Last follow-up -0.9+8.0 -2.3+50 3011
A Last f/u—post-op 1.3+85 15+52 17t
Cervical sagittal angle () .003*
Pre-operation -8.2+18.3 -12.2+13.0 .3851
Post-operation -10.5+10.2 -146+7.9 .0941
1-yr follow-up -8.1+133 -128+74 887t
Last follow-up -7.7+11.9 -122+6.4 .8841
A Last f/u—post-op 3.8+98 24+78 .0981
Fusion rate
1-yr after surgery 33 (86.8%) 34 (82.9%) 6821
Last follow-up 38 (100%) 41 (100%)

AlH = anterior intervertebral height, f/u = follow-up, MIH = middle intervertebral height, PIH =
posterior intervertebral height, post-op = postoperatively.

*Comparison of mean values between post-operation and last follow-up.

tComparison of mean values between the subsidence and non-subsidence groups.

FPaired ¢ test was used for analysis.

the score for arm pain had deteriorated 10 months after sur-
gery. Moreover, posterior cervical foraminotomy was per-
formed to manage radiating arm pain (Fig. 2). After posterior
cervical foraminotomy, the VAS score of the patient for arm
pain had improved.

4. Discussion

ACDF with plate fixation is considered as the “gold standard”
for stable cervical interbody fusion in treating degenerative cer-
vical disease.l"?! Anterior plate fixation improves the cervical
spine stability, maintains the intervertebral height, and enhances
the fusion rate. Consequently, it reduces complications such as
post-operative graft collapse and loss of cervical physiological
curvature." In addition, various materials have been developed
for interbody grafts with ACDF to avoid the morbidity associ-
ated with autologous bone grafts. In particular, PEEK cages have
been developed to acquire immediate stability and successful
bone fusion.’! The development of bone-inductive substances
and synthetic cages increases and accelerates the fusion rate,
raising questions about the need for additional anterior plate
fixation, leading to complications such as material failure and
dysphagia.l3*2021 Recently, several studies have suggested that
stand-alone ACDF is a secure and effective treatment modality
for cervical degenerative disease.!®”?>>* However, this proposal
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remains controversial because these reports included a fol-
low-up period of only <2 years. The present study analyzed the
long-term radiological and clinical outcomes with a follow-up
period of >5 years after stand-alone ACDF.

A significant issue associated with stand-alone ACDFs is sub-
sidence. The generally accepted hypothesis about subsidence
after stand-alone ACDF is that the intervertebral space collapses
as the implant penetrates the vertebral bodies, given that there
is no plate to support axial loading. Kim et al'"¥! reported that
subsidence occurred in 58.6% of the patients after stand-alone
ACDF with an average follow-up of 5 years (range, 28-135
months); they suggested that the subsidence progressed over
time continued until the last follow-up. In addition, the VAS
scores for neck and arm increased. When patient satisfaction was
assessed at the last follow-up using Odom’s criteria, 64.6% of
the patients selected “unsatisfactory” response. However, a sig-
nificant association was not found between subsidence and the
clinical outcomes; there was no long-term follow-up in all the
patients, and the surgeries were not performed by a single sur-
geon in their study. Several previous reports have demonstrated
that the subsidence did not significantly influence the clinical
outcomes, and that subsidence mostly occurred within 1 year
after surgery and stabilized subsequently.'*'¢3! In our study,
although the prevalence of subsidence was 48.1%, neck and
arm pain had reduced, and the NDI had improved at the last fol-
low-up (P < .001). Although radiating arm pain in one patient in
the subsidence group recurred, it improved after posterior cer-
vical foraminotomy, and the incidence rate was not high (2.6 %,
1 of 38 segments with subsidence). It may be assumed that the
foraminal height also decreases with subsidence, thereby affect-
ing the clinical outcome. Therefore, we suggest that subsidence
does not influence the clinical outcome if foramen decompres-
sion is performed adequately and sufficiently during surgery. In
addition, our follow-up of 5 years supported the findings of pre-
vious reports that a decrease in the intervertebral height mostly
occurred within 1 year after surgery; thereafter, the tendency of
decrease in the intervertebral height was negligible until the last
follow-up (Fig. 3).

To date, several studies have reported that stand-alone
ACDF acquired a successful fusion rate of >90%."2>23 In our
study, the fusion rate was 84.8% at 1 year after surgery and
100% at the last follow-up with good stability. With the devel-
opment of bone-inductive substances and synthetic cages,
additional anterior plate fixation in ACDF does not seem to
offer high fusion rates. Meanwhile, Wu et al!'!l reported that
anterior plate fixation may act as a shield for the mechanical
axial load, which is critical for the fusion process. Their study
hypothesized that during the bone fusion process, cage sub-
sidence contributes to mechanical axial loading of the bone
graft inside the cage, thus facilitating fusion.[®!2! In our study,
the fusion rate was higher in the subsidence group than in the
non-subsidence group 1 year after surgery, although not at
a statistically significant level (P =.682). Regarding cervical
stability, although the changes in the SA and CSA from the
post-operative period to the last follow-up were larger in the
subsidence group than in the non-subsidence group, the dif-
ference between the groups was not statistically significant.
Thus, it can be assumed that the pre-operative SA and CSA
may affect the changes in the post-operative SA and CSA.
Consequently, stand-alone ACDF without anterior plate fix-
ation does not appear to be the only factor involved in the
deterioration of the SA and CSA.

Except for subsidence, no other surgical complications were
reported, such as those related to the cage, bone-inductive sub-
stances, or the anterior plate and screw. Additional surgical
treatment for cervical fusion was not necessary throughout the
follow-up period. Most previous reports have failed to iden-
tify subsidence as a factor predicting low fusion rates, kyphotic
change, and unsatisfactory clinical outcomes after surgery.!'>!¢]
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Figure 2. (A) Post-operative computed tomography (CT) image obtained 10 months after surgery showing subsidence at the C6-7 level. (B) Axial CT image at
the C6-7 level showing that right-side foraminal stenosis occurred alongside subsidence when uncoforaminotomy was insufficiently performed.

Clinical outcomes in the subsidence and non-subsidence
groups.

Subsidence group  Non-subsidence group P value*
VAS_neck <.001*
Pre-operation 6.3+26 6.8+15 2261
Last follow-up 31+22 3.0+1.0 8311
APre-op—last f/u 32+22 3714 4411
VAS_arm <.001*
Pre-operation 6.8 +1.1 6.8+15 916!
Last follow up 39+138 33+18 .3507
APre-op-last f/u 32x1.1 35+13 6311
NDI <.001*
Pre-operation 19.3+98 224 +11.6 4401
Last follow-up 45+34 6.3+5.9 .3361
APre-op—last f/u 13.8 +10.1 15.7 +14.7 7051

f/u = follow-up, NDI = neck disability index, post-op = post-operation, pre-op = pre-operation, VAS
= visual analog scale.

*Comparison of mean values between the post-operation and last follow-up.

‘tComparison of mean values between the subsidence and non-subsidence groups.

FPaired ¢ test was used for analysis.

Subsidence is an unavoidable consequence of stand-alone
ACDF; if foramen decompression is adequately and sufficiently
performed, proper subsidence with cages settlement into the
vertebral bodies may contribute to the bone fusion process
and not adversely affect the clinical outcomes and cervical
alignment.

This retrospective study had some limitations. This study
included a small number of patients, and there was no control
group for comparison of the radiological and clinical outcomes.
The enrolled patients in this study were not randomized mean-
ing biased data. Moreover, this study did not identify the factors
predicting subsidence and kyphotic changes. Further random-
ized prospective studies are required to determine the efficacy
and toxicity of stand-alone ACDF surgery. In addition, research
is needed to identify predicting factors that can cause subsid-
ence and kyphotic changes considering gender and bone mineral
density.

5. Conclusion

Stand-alone ACDF does not necessarily provide better out-
comes than standard techniques, such as ACDF with plate

AIH
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Figure 3. Changes in the (A) anterior, (B) middle, and (C) posterior intervertebral height (AlH, MIH, and PIH) between the subsidence and non-subsidence
groups recorded pre-operatively, immediately after surgery, at 1 and 2 years post-operatively, and at the last follow-up.
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fixation. Subsidence after stand-alone ACDF occurs to a cer-
tain capacity me capacity; however, it does not appear to
significantly influence the radiological and clinical outcomes
if foramen decompression is adequately and sufficiently pro-
vided, as shown in our long-term follow-up study. In contrast,
subsidence appears to positively affect the fusion rate in the
short-term follow-up.
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