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ABSTRACT

Background: For surgical management of degenerative cervical spine disease with myeloradiculopathy, stand-
alone cages are frequently used in 1- and 2-level anterior cervical discectomy and fusion (ACDF) operations with a

paucity of literature on factors influencing cage subsidence. The aim of this study was to analyze the variables affecting
the incidence, location, and severity of cage subsidence.

Methods: Retrospective review of prospectively collected data of 77 patients (95 levels) undergoing ACDF surgery
was conducted. Variables analyzed were age, gender, sagittal alignment, maximum disc height (superior, inferior, and

procedure levels), cage size, shape, location, degree of subsidence (minor ,2 mm, mild 2–4 mm, moderate 5–7.5 mm,
severe .7.5 mm) and location of subsidence.

Results: The incidence of cage subsidence was 34% (32 levels), and 91% were minor or mild. Significantly lower

mean maximum height of the inferior disc compared to the nonsubsidence group (5.17 versus 5.96; P ¼ 0.0025) was
recorded. Significantly greater incidence of subsidence (40%) was recorded in patients with abnormal cervical spine
alignment (focal or diffuse kyphosis) versus 18% with normal alignment (P¼0.02). Greater incidence of subsidence was

recorded with more anterior positioned cages (52%; p¼0.01). No statistical significance was found for age, gender,
superior disc height, or cage shape/size.

Conclusions: Greater incidence of cage subsidence is significantly associated with a lower maximum disc height of

the disc below the operated level (,5.5 mm), abnormal sagittal alignment, and more anteriorly positioned cages. We
found that the vast majority of cage subsidence was focal, minor to mild, without having any immediate or late clinical
implications in terms of need for revision surgery.

Cervical Spine
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BACKGROUND

With cervical spondylosis and related disorders
becoming increasing prevalent in Western countries1,
further focus is required in the management of these
conditions for obtaining better outcomes. Surgical
intervention is often required if persisting and/or
progressive neurological deficit (myeloradiculopathy)
occurswith disc herniationor disc osteophyte complex
visible on magnetic resonance imaging scans.2

Treatment options for these patients range from
simple discectomy, discectomy with fusion, and
cervical disc arthroplasty. Smith and Robinson3

introduced anterior cervical discectomy and fusion
(ACDF) in the late 1950s, and it has since become
the gold standard surgical procedure for the
management of degenerative cervical spinal disease
with myeloradiculopathy.4 This procedure is most

frequently performed at 1 or 2 levels using stand-
alone cages during the ACDF procedure.5

Intervertebral cage subsidence may have clinical

implications when using stand-alone cages in both
single- and multilevel disease.6 Subsidence may be

caused by amultitude of factors, and there is currently

a limited amount of evidence in the literature
regarding the causation and prognostic significance

of subsidence.7 Despite the high incidence of subsi-

dence, its clinical relevance remains unknown.8 The
purpose of this study was to analyze the variables

affecting the incidence, location, and severity of cage

subsidence following ACDF operation.

METHODS

A retrospective review of prospectively collected
data of 77 consecutive patients (95 levels) undergo-
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ing ACDF was conducted. These procedures were
performed between 2013 and 2017 by the single
operating surgeon, and the operations were per-
formed between the levels of C3 and C7. The mean
postoperative follow-up was 10 months.

The operative technique involved the patient
being in the supine position, and a right-sided 4–6-
cm transverse incision was made. The Smith-
Patterson approach was used between the tissue
planes with medial retraction of the tracheo-
oesophageal complex and lateral retraction of
carotid sheath contents. Complete discectomy and
unco-vertebral decompression was performed along
with a posterior longitudinal ligament takedown. A
cage size was then selected and trialed before the
appropriate size cage was used. The cages used were
either Rabea or Cervios-Synthes, and the sizes
ranged from 5 to 7 mm. Intraoperative x-rays were
taken for level check, adequacy of implant size, and
position. Wound drainage was then used in the
majority of cases, and patients were asked to keep a
soft cervical collar on postoperatively for between 4
and 6 weeks. The average hospital stay after the
procedure was between 1 and 2 days; however,
myelopathic patients stayed longer.

Indications for surgery included persistent or
progressive compressive myelopathy and/or radicu-
lopathy resulting from 1- or 2-level cervical degener-
ative disc disease. The variables analyzed were age,
gender, sagittal alignment, maximum disc height
(superior, inferior, and procedure levels), cage size,
shape, location, degree of subsidence (mild or minor
,2 mm, moderate 2–4 mm, severe .5 mm), location
of subsidence, and progression of subsidence on
serial radiographs. Location of the cage was calcu-
lated using both the distance between the anterior
border of the cage and the anterior vertebral line and
also the distance between the posterior border of the
cage and the posterior vertebral line.

Routine antero-posterior and lateral x-rays were
taken pre- and postoperatively during the 2 follow-
up clinic appointments (first follow-up at 6–10
weeks, second follow-up at 6–10 months). All
patients had at least 2 postoperative x-rays. These
were analyzed for fusion process and any cage-
related problems. The x-rays were stored and
accessed via the picture archive and communicating
system (PACS) software. The x-ray taken at the 6–
10-month follow-up was the one used to define the
presence of subsidence.

Cervical spine alignment was calculated on
cervical spine x-ray using the Cobb angle between

C2 and C7. The cervical spine alignment was then
defined as either normal, loss of lordosis, or a
kyphosis. Those patients who were found to have a
kyphosis were then split into those who had a focal
area and those who had diffuse kyphosis.

Subsidence was defined as per previously described
methods, which included measuring the anterior disc
height and posterior disc height and using the
distance between the inferior border of the inferior
vertebra from the inferior border of the cage and
comparing this over serial plain radiographs (Figure
1).9 When analyzing cage subsidence, we looked into
whether subsidence was monofocal (whether it
involved either superior or inferior endplates) or
bifocal (whether it involved both superior and
inferior endplates). In addition, we evaluated whether
the subsidence was localized or diffuse in nature. Any
migration of the cage was noted if there was any
anterior or posterior migration as well as examining
any loosening of the cage.

Statistical Analysis

SPSS software was used for the statistical analysis
of study data. A P value of ,.05 was considered to
be statistically significant. Data were expressed as
mean values with standard deviations for continu-
ous variables and numbers in percentage form for
categorical variables. Statistical significance was
measured between groups using 2 independent-
sample t tests for continuous variables and the
Fisher exact test for categorical variables.

RESULTS

There were 77 consecutive patients (95 levels)
included in this study. The majority of the patients

Figure 1. Measurement of cage subsidence.
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(59/77; 76.6%) had 1-level surgery, with the
remaining (18/77; 23.3%) having 2-level ACDF
procedures. The mean age of the patients was 58
years (range 27–83 years) with 16 (21%) being over
the age of 65 years. There were 48 males and 29
females included.

At final follow-up on plain radiographs, the
overall incidence of cage subsidence was 34% (32/
95 levels). Of these 32 levels, the majority of the
subsidence was between 2 and 4 mm (20/32, 63%)
with another 9 levels (28%) showing subsidence of
less than 2 mm and only 3 levels (9%) with
subsidence of over 5 mm.

When comparing subsidence incidence with
cervical spinal alignment, a significantly greater
incidence of subsidence was recorded in patients
with abnormal cervical spine alignment compared
with normal alignment (40% versus 18% (P¼ .02).

A significantly greater incidence of subsidence
was recorded with anteriorly positioned cages
compared with central or posteriorly positioned
cages (52% versus 25% (P ¼ .01).

When comparing the subsidence group to the
nonsubsidence group, a significantly lower mean
maximum height of the inferior disc was found in
the subsidence group (5.17 versus 5.96; P ¼ .0025).

No statistical significance was found when
comparing the incidence of subsidence with age,
gender, superior disc height, cage shape, and size.
None of the patients required revision operation for
subsidence.

DISCUSSION

Cage subsidence following 1- or 2-level ACDF
using stand-alone cages could occur in 34% of
cases, and the vast majority (91%) of them could be
minor to mild. None of the patients needed revision
surgery, highlighting that such radiological findings
may be a natural process of cage consolidation
without many clinical implications.

One- or 2-level stand-alone cages are commonly
used in clinical practice for the treatment of
symptomatic cervical spondylosis and related disor-
ders associated with myelo-radiculopathy.9 Moder-
ate to severe cage subsidence could pose a concern if
it results in worsening of foraminal stenosis, cervical
spine instability, and loss of segmental lordosis with
adjacent segment degeneration.10

Our study, with patient demographics compara-
ble to those in the current literature,5,8,11 has
demonstrated that cage subsidence is common and

can be impacted by patient factors, such as inferior
disc height, and operative factors, such as position-
ing of the cage. Despite this, no patients required
revision surgery as a result of subsidence. The
impact that subsidence has on outcomes postoper-
atively remains unknown from our study and in the
current literature. We propose that the increase in
subsidence rate in patients with a narrower inferior
disc height could be caused by the load transmission
through a degenerative disc that has lost disc height
and therefore increases focal stress on the cage itself.

Cage subsidence is commonly seen to affect the
superior endplate of the inferior vertebra. We
commonly observed the occurrence of a small crater
(focal subsidence) at the antero-superior endplate of
the inferior vertebra. This probably represents a
focal stress riser effect with eccentric cage loading
over a softened endplate. Careful endplate prepara-
tion that avoids endplate violation should be
practiced. Note that coexisting cage subsidence
and loosening are extremely uncommon. Anterior
or posterior cage migration is usually associated
with a loosened cage rather than a subsided cage,
which could be secondary to a multitude of factors,
such as bone quality, adequacy of decompression,
use of an undersized cage, and so on. Bone mineral
density (underlying osteopenia or osteoporosis)
could also have an influence that was not studied
here. It appears that minor cage subsidence is a
rather natural process of cage incorporation and
fusion with weight-bearing forces. It is also apparent
that the radiological finding of cage subsidence is
not correlated with clinical manifestations. Further-
more, none of the patients with cage subsidence
were revised.

In our study, adverse clinical outcomes in terms
of worsening neck or arm pain and worsening
myelopathic manifestations were not observed in
patients with cage subsidence necessitating a revi-
sion surgery; however, these were assessed only for
any indications for revision surgery and could be
assessed in detail in future studies to throw more
light on clinical radiological correlation of subsi-
dence, clinical symptoms, and need for a revision
procedure.

This study showed that the majority of the
subsidence was between 2 and 4 mm (20/32, 63%)
with another 9 levels (28%) showing subsidence of
less than 2 mm and only 3 levels (9%) with
subsidence of over 5 mm. Although we found no
direct clinical implication of focal and minor to mild

Factors Influencing ACDF Cage Subsidence
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cage subsidence, the impact that this may have on
the long-term outcomes for these patients is
unknown and is recommended as a focus for future
studies. These results emphasize the importance of
intraoperative fluoroscopy and serial postoperative
x-rays in order to monitor progressively worsening
cage subsidence, especially in high-risk patients. If
cervical spine malalignment is present or if there is
associated cage migration or loosening, then close
postoperative monitoring should be stressed.

The increased likelihood of cage subsidence in
abnormally aligned cervical spines could be due to
the line of gravity passing more anteriorly in a
kyphotic cervical spine. We found a significantly
greater incidence of subsidence with anteriorly
positioned cages compared with central or poste-
riorly positioned cages (52% versus 25%; P ¼
.01). While trialing or placing the actual implant,
one could aim for more posteriorly placed cages,
preferably between 2 and 5 mm from the posterior
vertebral border. Many surgeons do not perform
intraoperative x-rays after cage placement. The
authors would like to stress here that intraoper-
ative x-rays following cage trial and actual cage
placement should be encouraged in order to
confirm the adequacy of cage size and exact cage
location. Overstuffing of the cage should be
avoided for excessive facet joint strain, and
malplaced cages could be rectified instantaneous-
ly.

When comparing incidence of subsidence with
cervical spinal alignment, a significantly greater
incidence of subsidence was found in patients with
abnormal cervical spine alignment (loss of lordosis
or kyphosis) compared with normal alignment (P¼
.02). Encouraging patients to occupy upright neck
posture could help reduce the incidence and
progression of cage subsidence, especially during
the first 3–4 months postoperatively.

CONCLUSIONS

This study has shown that cage subsidence is a
common complication of ACDF procedures with
rates that are similar to those in recent litera-
ture.5,8,11 A greater incidence of subsidence is
significantly associated with patients with abnormal
cervical spine sagittal alignment, more anteriorly
positioned cages, and a lower maximum disc height
of the disc below the operated level (,5.5 mm). We
found that the vast majority of cage subsidence was
focal, minor to mild, without having any immediate

or late clinical implications or need for revision
surgery.
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