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Abstract

Background Stand-alone cage-assisted anterior cervical
discectomy and fusion (ACDF) has proved to be safe and
effective procedure for treatment of mono-segmental cer-
vical degenerative stenosis (CDS). However, the success
rate has reported to decline as the number of levels in-
creases. The aim of this prospective study was to evaluate
the short-term results of multilevel ACDF using stand-
alone polyetheretherketone (PEEK) cages.

Twenty-eight patients (16 males
and 12 females; mean age 40.5 years) of symptomatic
multilevel CDS were enroled in this study and completed a
2-year post-operative follow-up. All patients underwent
contiguous multilevel ACDF, using indirect decompression
and stand-alone PEEK cages, between 2009 and 2012. Ten
patients underwent two-level fusions (group I), ten under-
went three-level fusions (group II), and eight underwent
four-level fusions (group III). The visual analogue scales of
neck and arm pain and Odom’s criteria were used to
evaluate clinical outcomes. Radiological evaluation was
done to evaluate: fusion, cervical sagittal angle (CSA) and
cage subsidence.

Results There was a statistical significant improvement in
clinical parameters and radiological CSA values in all
groups post-operatively. This improvement was well
maintained till final follow-up. Subsidence and non-union
were encountered in seven and two fusion levels, respec-
tively, with no significant differences between groups. All
patients were satisfied and none of them had major com-
plications or required revision surgery.

Patients and methods
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Conclusion With proper patient selection, meticulous
surgical technique and strict post-operative cervical brac-
ing, the less-invasive indirect anterior cervical decom-
pression technique augmented with stand-alone PEEK
cage-assisted ACDF is an efficient and safe method for the
treatment of multilevel CDS.
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Introduction

Cage-assisted surgery has been introduced as a valid al-
ternative during anterior cervical discectomy and fusion
(ACDF) procedures. Cage can replace the cortical part of
the tri-cortical bone graft by providing a non-resorbable
anterior load-bearing support that can restore cervical
alignment and physiologic disc height immediately with
elimination of donor site trauma [1-3]. Nevertheless, in
multilevel ACDF procedures, the use of plate is regarded a
routine practice to enhance stability and to increase fusion
rate [4—8]. However, plates have their shortcomings as they
are costly, technically demanding (requiring more lengthy
operation and exposure) and fraught with many compli-
cations (e.g. compromising anterior neck vital structures,
violation of adjacent disc and plate/screw migration or
dislodgment) [2, 7-11]. Furthermore, the commonly used
constrained locked plates are sometimes blamed for pre-
venting controlled amount of settling which is crucial for
compression at graft/end-plate interfaces during the early
stage of graft incorporation [5].

The above-mentioned plate-related problems were a
stimulus for using the synthetic cages in a stand-alone
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fashion, without plate fixation, based on the principle of
distraction—compression concept [1, 3, 9, 10, 12-19].
Clinical outcomes have been encouraging in single-level
procedures [1, 15, 16, 19], while controversy exists in their
use alone in multilevel ACDF settings [2, 4, 8-10, 17-19].
Problems of cage subsidence, fusion segmental kyphosis
and pseudarthrosis are major concerns, particularly in
multilevel settings [9, 14—19].

In the literature, there is ongoing tendency to do ex-
tensive decompression during ACDF by sacrificing the
posterior longitudinal ligament (PLL) and uncovertebral
joint (UVJ) osteophytes [1, 2, 4, 8-10, 13-19]. However,
sacrificing these structures can increase the operative time
and potentially destabilize the spine markedly [5, 12, 20,
21]. To the author’s knowledge, almost all series in the
literature that have evaluated the cage subsidence issue or
multilevel ACDF failures used the extensive decompres-
sion technique with sequential PLL and UV]J resection as a
routine practice. Coupling this unstable situation with the
absence of rigid fixation in non-plated cage-assisted
ACDF, it is predictable to get high rate of failures in
multilevel procedures. The author’s hypothesis that the
less-invasive indirect decompression technique, with
preservation of PLL and UVJs, can provide a more suitable
mechanical environment for reducing cage subsidence in
selected cases of multilevel ACDF. If this goal can be
achieved, then cost- and morbidity-related problems sur-
rounding additional plate fixation could be eliminated.

This prospective study was conducted to report the au-
thor's  preliminary  experience  with  stand-alone
polyetheretherketone (PEEK) cages in selected patients of
cervical degenerative stenosis (CDS) who underwent
indirect decompression in 2-, 3- or 4-level ACDF proce-
dures. The used protocol was also improved to overcome
the previously documented risky factors, discussed in the
literature [1, 4, 5, 9, 12, 15, 16], responsible for cage
subsidence and pseudoarthrosis issues (Fig. 1). The stand-
alone cages were compared for efficiency, safety and
complications through a spectrum of level of involvement.

Patient and methods

Between January 2009 and January 2012, a total of 28
patients underwent a contiguous multilevel stand-alone
cage-assisted ACDF for symptomatic CDS in the author’s
institution. All patients initially presented with an axial
neck pain associated with cervical radiculopathy, unre-
sponsive to a minimum of 3 months of conservative
treatment, were included in this prospective study. There
were 16 men and 12 women (Mean age 40.5 years, range
35-47.5 years). The inclusion criteria included cervical
stenosis caused by anterior degenerative discs or
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Fig. 1 Illustrative diagram showing some important technical points
used to improve the results of stand-alone cage procedures. a Mul-
tilevel cervical stenosis with collapsed discs, osteophytosis and mal-
alignment. b In the absence of PLL, distraction (arrows) leads to
uncontrolled separation of the bodies and realignment of the spine is
difficult without cervical plates. ¢ Preserved PLL acts as a fulcrum
during gentle distraction (arrows), for opening the anterior column
and restraining the distraction. Additionally, preservation of the dense
cortical bone of the anterior osteophytes (asterisk) and anterior
positioning of the cage (hash) are crucial for preventing subsidence.
d The peripheral part of the end-plate was prepared for fusion by fine
abrasion to preserve stability, while its central portion was addition-
ally prepared with a curette to expose the cancellous bone (black
irregular marker) to enhance early healing

osteophyte formation provided that the decompression
could be resolved by discectomy alone without elimination
of UVJs or PLL. Exclusion criteria included developmental
cervical stenosis and cervical stenosis associated with:
weakness, instability, severe kyphosis, previous surgery,
infection, tumours or PLL ossification. Exclusion criteria
also included cases with severe retro-vertebral stenosis that
needs to drill out the end-plates or needs excessive removal
of PLL for decompression [i.e. complete obliteration of the
exit neural foramina in magnetic resonance imaging
(MRI)]. Cases with documented vertebral osteoporosis, as
proven by DEXA, and high-risk patients of non-union (e.g.
corticosteroid therapy, renal failure and smoking) were also
excluded.

All procedures followed were in accordance with the
ethical standards of the responsible local institutional
committee on human experimentation and with the Hel-
sinki declaration of 1964 and its later amendments. In-
formed consent was obtained from all the patients for being
included in this study. Every patient was given a code
number and his anonymity was preserved (his personal data
were omitted).

Surgical technique
All patients were operated through the standardized ante-

rior approach after application of skull traction with routine
use of somatosensory evoked potential or wake-up test.
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Levels of fusion were determined mainly according to
clinical presentations and related MRI findings. Ten pa-
tients underwent 2-level fusion (group I), ten underwent
3-level fusions (group II), and eight underwent 4-level
fusion (group III) for a total of 82 levels. No plate instru-
mentation was used. To decrease oesophageal oedema,
oesophageal catheters were not allowed, while intravenous
methylprednisolone and an intermittent retraction tech-
nique were used in all cases.

Segmental decompression was performed using high-
resolution microscope. Annulus was incised, leaving its
lateral anterior pillars, and discectomy was extended lat-
erally up to the uncinate process, which marks the safe
extent of lateral decompression. Decompression was
completed indirectly by distraction without total removal
of PLL or posterior osteophytes (Fig. 2). However, a mid-
line small longitudinal window in PLL was created in some
cases to remove accessible herniated disc fragments using
special hooks. Great care was paid for removing only the
cartilaginous part of end-plate and preservation of its cor-
tical bony stock. Special care was also taken to preserve the
dense cortical bone of the anterior osteophytes and to re-
move only their marginal portion at the plane of end-plate
to obtain sufficient access to disc space (Fig. 1c). The pe-
ripheral part of end-plate was prepared for fusion by fine
abrasion with a high-speed burr, while its central portion,
corresponding to the central hole in the cage, was addi-
tionally prepared with a curette to expose the cancellous
bone (Fig. 1d).

ACDF was performed serially, in a proximal—distal di-
rection, using PEEK cages over-packed with cancellous
bone obtained from the anterior iliac crest by a core
through a percutaneous mini-incision. Additional bone
graft was packed posterior and around the cage. Cage di-
ameter was selected to match the inherent dimensions of

Fig. 2 The rationale for using the indirect decompression technique in
the study. a Impingement of the neural elements (red circular structure)
in the foramen of collapsed mal-aligned degenerative spine. b After
discectomy, distraction stretches the PLL, straightens the ligamentum
flavum and increases the dimensions of neural foramen. So, the pinching
on neural elements could be eliminated even in the presence of moderate
size osteophytes. ¢ Insignificant cage subsidence results in loss of some
of the acquired correction. The decompression, though partially
compromised, is still adequate (i.e. osteophytes is just touching the
nerve root instead of kinking it) if the segment achieves early fusion,
before major collapse, in a good alignment (color figure online)

the patient’s disc spaces for covering a maximum of the
end-plates. The cage was sized with trials without using
Caspar retractor. During sizing, an additional slight manual
traction was done gently via the skull traction. This gives a
controlled extra-space, allowing a secure snug-fit insertion
of the cage, while avoiding over-distraction. The height of
the cage was 5, 6 and 7 mm in 32, 41 and 9 segments,
respectively. All cages were inserted gently, using a
hummer, within 1 mm of anterior vertebral body (Figs. lc,
3). Proper cage size and position were confirmed by
fluoroscopy and by its resistance to pull-out after releasing
the traction. Finally, the skull traction was released to in-
sure the absence of any possible gap at the end-plate—cage
interface and to provide ideal contact surface for fusion.
All patients were immobilized post-operatively with a
Philadelphia collar for at least 3 months. Clinical and ra-
diological evaluations were performed after surgery at the
second day, first week, second week, and every 2 weeks till
fusion. Then the patients were followed up regularly at
3-month intervals till the end of follow-up.

Clinical evaluation

The 10-point visual analogue scale (VAS) was used to
assess neck pain and arm pain; with 0 indicating no pain
and 10 points indicating the worst pain possible. Overall
patient’s satisfaction was assessed according to Odom’s
criteria [22] and was graded as satisfactory (excel-
lent/good) or unsatisfactory (fair/poor) based on the im-
provements in patient’s clinical manifestations and the
ability to regain physical activities. Dysphagia and donor
site pain were considered transient when they sustained for
<2 weeks without distressing the patient. They were con-
sidered significant when they persisted >2 weeks or when
they were distressful for the patient (i.e. necessitating
special intervention or intensive medications).

Radiological evaluation

Plain X-rays were taken to evaluate fusion, alignment and
subsidence (Fig. 3). Fusion criteria based on continuity of
the trabeculae between end-plates with the absence of lu-
cency at the cage/end-plate interface. This was confirmed
by stability on dynamic views (not more than 2 mm
widening of the inter-spinous distance) or by CT in sus-
pected fusions. Cervical alignment was measured pre-op-
eratively, post-operatively and at 2-year follow-up by the
lateral C2-C7 Cobb’s angle. Subsidence was defined
>3 mm reduction in the fusion segmental height (FSH) at
the final follow-up compared with that measured at the
immediate post-operative period. The FSH was measured
as the distance between the mid-points of upper and lower
margins of the upper and lower vertebral bodies of each
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Fig. 3 Pre-operative MRI (a) and lateral radiographs (b) of a
43-year-old male showing multilevel segmental stenosis with col-
lapsed discs and a straight spine (0° Cobb’s angle). Immediate post-
operative radiographs after 4-level stand-alone PEEK cage-assisted
ACDF with 30° C2-C7 Cobb’s angle (c). Dynamic radiographs
showing the absence of cage subsidence, maintained alignment and

segment, respectively. Magnification differences were
overcome by measuring its ratio to the body width.

Statistical analysis

The paired ¢ test was used to detect inter-group changes of
VAS scores and C2-C7 Cobb’s angle values, while
ANOVA test was used to detect the intra-group changes of
these parameters (Table 1). Odom’s criteria as well as the
rate of cage subsidence, non-union, dysphagia and donor
site pain were compared between groups using Chi-square
test (Table 2). Additionally, the effects of certain variables
in the study (age, sex, fusion levels, cage dimensions and
patient’s compliance) were also assessed using Chi-square
test.

Results

All patients completed 2-year follow-up period which was
taken as an end point for result evaluation. There was no
significant difference in the patient’s characteristics
(P = 0.758, 0.109 and 0.905 for differences of age, sex and
duration of symptoms, respectively), or in the pre-operative
clinical parameters (P > 0.05) between groups. All cages
were implanted successfully. The mean operative time was
98 + 20.5 min, 122.23 £ 22.69 min and 147 +
18.188 min (P < 0.001) in the three groups, respectively.
The mean amount of bleeding was 78.2 + 18.8 ml,
93.7 & 21.55 ml and 123.5 & 25.87 ml (P < 0.001) in the
three groups, respectively. There were no intra-operative
complications, and none of the patients experienced neu-
rological deterioration.
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bony fusion as defined by the absence of a radiolucent gap between
the graft and the end-plate, the presence of continuous bridging
trabeculae between the end-plates and no more than 2 mm motion
between the tips of spinous processes (*) on flexion (d) and extension
(e) views

There was a significant improvement (P < 0.001) in the
mean VAS scores of both neck and arm pains at the second
post-operative week in each group (Table 1). There were
no patients with a daily demand of analgesics for radicular
or axial neck pain in all groups after 1-month post-op-
eratively. However, at 3-month follow-up, two cases had
recurrent attacks of mild—moderate radicular pain after
exertion, and their pain could be managed by conservative
therapy. Interestingly, they were satisfied with surgery as
compared to their pre-operative agonizing symptoms (in-
tractable persistent pain). At 2-year follow-up, the im-
provements in VAS scores were well maintained
(P > 0.05) and there were no statistically significant dif-
ferences (P > 0.05) between the three groups in these
scores (Table 1).

The lateral C2—C7 angle showed significant improve-
ment (P < 0.001) in the immediate post-operative period in
each group and was not changed significantly (P > 0.05)
till the end of follow-up (Table 1). The obtained overall
lordosis was best achieved (P < 0.001) among patients
undergoing 4-level surgery and was also significant
(P < 0.001) among patients undergoing 3-level surgery
compared with those undergoing 2-level procedures
(Table 1).

Solid fusion was obtained in 26 (92.85 %) patients.
Mean time of fusion was 14.9 £ 3.2 weeks,
15.2 4+ 3.74 weeks and 16.1 + 4.02 weeks in the three
groups, respectively (P = 0.537). There was no statisti-
cally significant difference (P = 0.39) between groups in
the non-union rate (Table 2). Both non-united levels
showed no clinical consequences.

Subsidence was encountered in seven fusion levels
among five patients after 4-6 weeks following surgery
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Table 1 The mean pre-/post-operative values of the VAS scores and the C2-C7 Cobb’s angle of patients undergoing 2-level versus 3-level

versus 4-level ACDF with stand-alone PEEK cages

Group I (10 cases) Group II (10 cases) Group III (8 cases) ANOVA
Mean + SD Mean £+ SD Mean £+ SD F P value
VAS score (arm pain)
Pre 8.03 £ 0.90 8.45 + 0.81 8.63 + 0.99 1.05 0.422
Post (2 weeks) 1.26 + 0.95 1.44 £+ 0.75 1.77 + 0.38 0.677 0.759
Final 1.55 + 0.87 1.83 £ 0.57 1.98 + 0.33 1.998 0.158
Paired ¢ test
Pre-post <0.001* <0.001°* <0.001*
Final-post 0.188 0.531 0.452
VAS score (neck pain)
Pre 8.71 £ 0.55 8.69 + 0.85 8.06 + 1.40 1.16 0.33
Post (2 weeks) 1.36 £ 0.55 1.94 £+ 0.65 2.02 + 0.34 0.49 0.62
Final 1.87 £+ 0.45 2.31 £ 0.55 230 £ 0.25 0.50 0.55
Paired ¢ test
Pre-post <0.001* <0.001°* <0.001°*
Final-post 0.921 0.905 0.721
C2-C7 Cobb’s Angle (°)
Pre 42 +23 1.14 £+ 1.05 1.05 + 0.98 32.54 <0.001*
Post (immediate) 13.18 £ 2.73 18.03 £ 2.71 24.87 £ 5.34 8.26 <0.001*
Final 12.57 £ 1.14 17.44 £+ 2.96 22.99 + 3.34 27.01 <0.001*
Paired ¢ test
Pre-post <0.001* <0.001* <0.001*
Final-post 0.52 0.60 0.127

VAS visual analogue score, pre pre-operative, post post-operative, SD standard deviation

* Significant test at P < 0.05

with no evidence of progression beyond 2 months. Sub-
sidence occurred in one cage in a patient of group I,
three cages in two patients of group II and three cages in
two patients of group III. There was no statistically
significant difference (P > 0.05) between groups in the
cage subsidence rate (Table 2). All subsided levels
achieved solid fusion and four of these seven subsided
cages were encountered at C6—C7 level (Table 3). None
of the subsided levels had >50 % loss of the obtained
immediate post-operative segmental disc space height.
Two of the five involved patients develop the above-
mentioned recurrent mild—-moderate arm pain at 3-month
follow-up and had no significant compression in follow-
up MRI (Fig. 4).

Level C6-C7 was included in the fusion of nine cases
(Table 3). Of them four showed subsidence (P = 0.003)
and another one had non-union. Non-compliance was en-
countered in five patients (two in group I, two in group II
and one in group III). Of these five patients, one developed
non-union and the other three were associated with subsi-
dence (P = 0.033) including: single-level subsidence in
one case and double-level subsidence in the other two cases
(Table 3). Age, sex, cage dimensions and duration of

symptoms had no statistically significant effect (P > 0.05)
on the subsidence rate.

Transient dysphagia occurred in five patients, while the
significant one occurred in two patients without severe
distress and was resolved after 4—5 weeks post-operatively.
Two patients had mild transient donor- site discomfort, and
none had cervical or donor site wound infections (Table 2).

All patients were satisfied after surgery and none of
them required revision surgery (Table 2).

Discussion

Though it has become a routine practice to use stand-alone
cages in oligo-segmental ACDF to eliminate plate and
graft-related morbidity [1, 15, 16, 19], there are consider-
able debates for their use in multilevel ACDF procedures
[2, 4, 810, 17-19]. Successful treatment depends on
adequate decompression, restoration and maintenance of
inter-vertebral disc height, realignment of the cervical
curvature and achieving high fusion rate with low rate of
complications [1, 7, 8, 12, 14, 16—-19]. In this short-term
series of multilevel cervical stenosis, PEEK cage-assisted
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Table 2 Patient’s satisfaction and complication rates of patients undergoing 2-level versus 3-level versus 4-level ACDF with stand-alone PEEK

cages
Group I (10 cases) Group II (10 cases) Group III (8 cases) Chi—square#
N % N % N % Xz P value
Odom’s criteria”
Excellent (% per patients) 7 6 4 0.749 0.687
Good (% per patients) 3 4 4
Unsatisfactory (fair/poor) 0 0 0
Subsidence rate
% per level 1 10.00 3 30.00 3 37.50 2.000 0.367
% per patients 1 10.00 2 20.00 2 25.00 0.730 0.694
Non-union rate
% per level 0 0.00 1 10.00 1 12.50 0.694 0.538
% per patients 0 0.00 1 10.00 1 12.50 0.694 0.538
Transient dysphagia
% per patients 1 10.00 2 20.00 2 25.00 0.730 0.694
Significant dysphagia
% per patients 0 0.00 1 10.00 1 12.50 0.694 0.538
Transient donor site pain
% per patients 0 0.00 1 10.00 1 12.50 0.694 0.538

# Chi-square test was used with likelihood ratio for cells with an expected value <5

* Odom’s criteria: excellent = all pre-operative symptoms relieved, abnormal findings improved, able to carry out daily occupations without
impairment; good = minimal persistence of pre-operative symptoms, abnormal findings unchanged or improved, able to carry out daily
occupations without significant interference; fair = relief of some pre-operative symptoms, other symptoms unchanged or slightly improved,
physical activities were significantly limited; poor = symptoms and signs unchanged or exacerbated [22]

Table 3 Correlation between Subsided Non-subsided Total Chi-square”
cage subsidence and both of the
fusion level and the patient’s N % N % N % Ve P value
compliance in the study
Fusion level
C2-C3 1 12.5 7 87.5 8 9.76 17.839 0.003*
C3-C4 0 0 19 100 19 23.17
C4-C5 1 4 24 96 25 30.49
C5-C6 1 4.76 20 95.24 21 25.61
C6-C7 4 44.44 5 55.56 9 10.98
Total 7 8.54 75 91.46 82 100
Patient compliance
# Chi-square test was used with Yes 3 13.04 20 86.96 23 82.14 4.555 0.033*
likelihood ratio for cells with an No 3 60 2 40 5 17.86
expected value <5
Total 6 21.43 22 75 28 100

* Means significant at P < 0.05

ACDF was performed, in carefully selected patients, and
additional plate fixation was not used in any patient, yet
satisfactory clinical and radiological results were obtained.
There were no statistically significant differences between
2-, 3-, and 4-level fusion groups in the clinical outcomes or
the change of radiological parameters between
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immediately after surgery and the last follow-up radio-
graphs. None of the patients exhibited major complications
and none required revision surgery.

In the current series, the UVJs and PLL were preserved
as decompression was achieved indirectly by disc space
distraction. The posterior osteophytes, being not
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Fig. 4 MRI-T2 W views of a 44.5-year-old female who underwent
4-level stand-alone PEEK cage-assisted ACDF (arrows). a Pre-
operative sagittal view showing stenosis at C3—C7 levels with mal-
alignment. b Sagittal view at 3-month follow-up was done after C6—
C7 cage subsidence and demonstrated good overall alignment and

completely obliterating the neural foramens according to
the inclusion criteria, were left for spontaneous resorption
and remodelling [12, 23]. Distraction opens the vertical
height and cross-sectional area of the foramina, while re-
alignment increases its anteroposterior diameter [1, 12, 23].
Coupling this with the decompression achieved by removal
of the disc, stretching of PLL and straightening of liga-
mentum flavum, the pinching on neural elements could be
eliminated even in the presence of moderate size osteo-
phytes (Fig. 2). There was a significant improvement in the
VAS of both the arm pain (as an indicator of adequate
decompression) and neck pain (as an indicator of stability
and neck muscle balance). All patients had satisfactory
outcomes as defined by Odom’s criteria. This supports the
findings of Shen et al. [24] who found high satisfactory
results after ACFD with statistically insignificant clinical
differences in the presence or absence of direct UVJ de-
compression. Interestingly, all subsided levels in the pre-
sent study had caught fusion before the progression of their
subsidence. So they preserved some foraminal patency and
alignment compared with their pre-operative collapsed disc
status; hence, no noticeable subjective clinical conse-
quences were observed except in two cases. The two
symptomatic cases suffered from recurrent attacks of arm
pain with exertion, but had no significant compression in

mild compression of neural elements at subsided level. ¢, d Axial
MRI views at C6—-C7 level showing the relative patency of the canal
and the neural foramina at 3-month follow-up (d) as compared to the
pre-operative stenosis (c¢) despite cage subsidence

follow-up MRI and were successfully managed by periodic
conservative therapy. Abolishing of the pathological seg-
mental movement and the better post-operative alignment
in these two cases may explain the less-severe symptoms in
them. Schmieder et al. [14] also reported that the height of
the foramina was well maintained among the subsided
cases and that symptomatic improvement is not impaired
by the presence of subsidence but may, on the other hand,
help fusion.

Previous studies [9, 13, 14, 17] reported high rates (up to
55.55 % as encountered by levels) of cage subsidence after
stand-alone cage constructs in single- and double-level
fusions which are alarming for their use in multilevel
ACDF. In the present study, only seven (8.54 %) of the 82
inserted PEEK cages had subsided with no statistically
significant differences between groups (P = 0.367). This
compares with the 8.89 % subsidence rate, among 15 pa-
tients who underwent 3-level stand-alone cage-assisted
ACDF, in Zou et al. series [18]. Moreover, Yang et al. [10]
did not report any significant subsidence among 23 patients
who underwent 3- and 4-level stand-alone cages, in their
study. The latter two studies used modified stand-alone
PEEK cage designs, including self-locked toothed cage
designs in the former and cages with anchored spacer in the
latter. However, besides the extra-costs of these designs,
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there may be difficulty in targeting the screw due to an-
gulations, and these designs may compromise the bone
stock by hammering or screwing through the end-plate.

Bartels et al. [15] concluded that the incidence of cage
subsidence was significantly higher for C6—C7 fusion level
than any other fusion levels. In the present study, four
(57.14 %) of the seven subsided cages occurred at this
level (P = 0.003). This can be attributed to the transitional
nature of this level. So, special caution by plate augmen-
tation should be paid for fusions extending to this level.

Bone quality and bone stock are crucial for durability of
cage-assisted ACDF, and previous studies emphasized the
biomechanical importance of the anterior vertebral osteo-
phyte in providing mechanical support to the inter-body
cage [15, 16, 19, 26]. In the present study, all proven os-
teoprotic patients or at-risk patients were excluded and
careful attention was paid for preservation of dense cortical
bone of osteophytes. Additionally, all cages were carefully
placed within 1 mm from anterior vertebral margin, as the
distance between the cage and the anterior vertebral rim
was reported to correlate with the incidence of subsidence
[15, 16, 19]. Furthermore, the UVJs were preserved, as
they play a central role for segmental cervical stability,
with the posterior aspect of the UVJ affording majority of
stability [20, 21].

End-plate preparation has to provide good fusion bed,
while maintaining the mechanical integrity of the bony part
of the end-plate to prevent cage subsidence [12, 15, 16, 19,
25]. In this series, good fusion bed was achieved by suf-
ficient curettage of the central area of the cartilaginous end-
plate, good compression at cage/end-plate interface and
iliac graft over-packing. However, the peripheral part of
the end-plate, the common site for cage subsidence, was
managed by fine abrasions to preserve good support to the
cage. End-plate over-preparation can be suspected when
subsidence appears in the peri-operative radiographs which
had occurred in none of the patients.

Intra-operative over-distraction and cage over-sizing
were found clinically and biomechanically associated with
higher subsidence tendency [9, 15, 19, 26]. Over-distrac-
tion was successfully avoided in the present work by the
followings: (1) Controlled skull traction that provided
symmetrical distribution of distraction over all cervical
levels and allowed precise cage size measurement. No
Caspar distractor was used in the present study to avoid
defects in the vertebral bodies and instability caused by
over-stretching of the ligaments. (2) Preserving the PLL
which is crucial for effective distraction (Fig. la—c), as it
acts as a fulcrum during distraction-realignment manoeu-
ver to achieve opening of the anterior column and closing
the posterior column [5, 12]. (3) The microscope ensures
good visualization, while avoiding unnecessary extensive
release and removal of the end-plate, which may occur
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when decompression is done without microscope. This was
particularly helpful when small central PLL windows were
created to extract small sequestrated fragments. (4) The
serial proximal-to-distal insertion of cages. The second disc
space had never been attacked (absolutely), except after
insertion of the first (proximal) one definitely. If not, one
often finds that the second cage requires excessive per-
suasion to enter the disc space.

Unrestricted neck movements were proven, biome-
chanically, to cause failure in different cervical cage de-
signs [27]. This may be a predisposing factor for cage
subsidence in some studies that did not follow a definite
postoperative bracing protocol [14, 15]. All patients of the
present study were sharply instructed to wear rigid cervical
collar for a minimum of 3 months after surgery, which
correspond to the maximum time reported in the literature
for the end point of progression of cage subsidence [9].
Three of the five non-compliant cases in this study were
participated in vigorous activities and experienced cage
subsidence and another one had non-union.

The low subsidence rates achieved in this study is
strongly contradicted to those of Gercek et al. [13], who
had the worst results in the literature (i.e. 62.5 % of their
patients). However, they used metal cages which have
different elasticity with bone. Additionally, their small
number of patients (eight cases only), short period of im-
mobilization (4-6 weeks only), big cage sizing (7-10 mm)
and the differences in: selection criteria, decompression
technique, evaluation methods and their variable cage po-
sitioning, make comparison impractical.

High fusion rates (>90 %) have been reported after
cage-assisted ACDF [1, 2, 9, 10, 14, 16, 18]. However, the
fusion rate was reported to decline as the number of levels
increases even when anterior cervical locked plate was
used [7, 19, 28]. Non-union rates as high as 47 % have
been reported in the literature for 3-and 4-level discec-
tomies with plate fixation [28]. Contrary to these results,
the present study found 92.86 % fusion rates in a mean
time of 15.817 & 3.474 weeks with insignificant fusion
rates after 2-, 3- and 4-level stand-alone ACDF. Non-union
was found at two (2.44 %) levels in two (7.14 %) asymp-
tomatic patients at C3—C4 and C5-C6 levels in group II
and III, respectively. This satisfactory fusion results in all
groups can be explained by the success in adjustment of the
biological and mechanical environments, biologically, by
the absence of predisposing factors (e.g. osteoprosis,
smoking, infection), the use of iliac crest autograft, the use
of the biologically biocompatible PEEK cages and the
above-mentioned optimal fusion bed preparation and me-
chanically, by the presence of titanium spikes and retention
teeth of PEEK cage, proper disc space distraction, preser-
vation of some natural supporting structures and the pro-
longed external immobilization.
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It has been documented that plate augmentation has the
potential to lower rate of pseudoarthrosis during ACDF
procedures [4, 7-9, 17]. Song et al. [17] reported non-
fusion in 2.5 % of their plated subjects compared with
21.1 % in the cage-alone group for single- and double-level
ACDF. Wang et al. [4] reported 18 and 37 % incidence of
non-union in plated versus non-plated multilevel ACDF,
respectively. On the other hand, Cho et al. [2] and Yang
et al. [10] found equivalent fusion outcomes among plated
and non-plated multilevel PEEK-cage-assisted ACDF
groups. This controversy in the literature can be attributed
to the differences in: selection criteria, surgical technique,
cage/graft characteristics, criteria used for results eval-
uation, patient compliance and the length of follow-up. In
the current series, PEEK cages alone were successfully
used, and the results were comparable to those of another
series [8] in which plate augmentation was used for mul-
tilevel PEEK cage-assisted ACDF. The latter study in-
cluded a series of 34 patients who underwent 3- and 4-level
fusions with 100 % fusion rate in a mean time of
13.7 &£ 5.1 weeks. Their complications included three
cases of respiratory difficulty, four cases of at least
3-month of dysphagia and one case of 6-week hoarseness.
So, the present series carries the advantage of the relative
ease of surgery, and the success in avoidance of plate-
related cost and morbidity.

A neutral sagittal vertical axis allows pain-free neck
movement with reduction in the muscular effort necessary
to maintain the upright posture [6, 14, 29]. The cervical
sagittal balance, which is normally 28° in average, is
usually compromised in the setting of multilevel cervical
spondylosis. The cervical alignment showed a statistically
significant improvement in the immediate post-operative
period in all groups of the present series. Interestingly, the
C2-C7 angle was not significantly changed between im-
mediately after surgery and last follow-up radiographs in
each group. The low incidence of subsidence in the present
series can explain the success in maintaining the sagittal
profile till the end of follow-up. Cage subsidence resulted
in some straightening of cervical lordosis in all subsided
cases with no major subjective clinical consequences. This
is in agreement with other authors who reported ra-
diological subsidence without leading to poorer clinical
outcome in short-term follow-up [9, 14-16]. Schmieder
et al. [14] stated that the occurrence of kyphosis among the
subsided cases was either rare or did not result in notable
clinical differences. However, the reconstruction of cervi-
cal lordosis may be crucial for long-term good clinical
outcome [2, 4, 29]. In the current study, 3- and 4-level
surgery had allowed significant correction of overall lor-
dosis compared to 2-level procedure, as this correction is
hardly possible by bi-segmental procedures alone.

Song et al. [6] stated that front-back surgery is effective
in reducing cage subsidence rate and its subsequent mal-
alignment, but they focused on management of kyphotic
segments. Conversely, in biologically stable degenerative
spine with moderate mal-alignment (straight spine), when
extensive decompression is not indicated, the addition of a
second approach seems over-treatment, especially in the
light that posterior approaches are fraught with trouble-
some complications (axial neck pain, and C5 root prob-
lems). In the present series, the preserved UVJs, PLL and
remaining anterolateral structures aid in maintaining some
biological stiffness and inherited stability of the involved
segments.

Dysphagia is a concern after anterior cervical plating
due to prolonged intra-operative oesophageal retraction
and/or due to the local post-operative plate prominence,
especially with long plates in conjunction with multilevel
ACDF [2, 7, 8, 10, 11]. In their systemic review, including
seven different studies evaluating post-ACDF dysphagia,
Cho et al. [11] found up to 71, 50.2 and 14 % incidence of
dysphagia at 2 weeks, 1 month and 1 year, respectively.
The use of inter-vertebral cervical cages, which are settled
below the vertebral surface, the intermittent retraction
technique, the intra-operative administration of intravenous
methylprednisolone and the relatively time-saving (with
neither plates nor extensive decompression) procedure
could reduce these problems. In the current study, five
patients (17.86 %) had transient dysphagia (<2 weeks),
and only other two patients (7.14 %) had significant dys-
phagia (>2 weeks, but not distressful) that recovered to-
tally within 3—4 weeks after surgery.

Donor site morbidity with 50 % incidence of early
ambulatory difficulty and 26 % incidence of chronic per-
sistent pain, with long-term functional impairment, was
reported after harvesting autogenous tri-cortical iliac grafts
for single-level ACDF procedures [30]. This is prone to be
higher in traditional multilevel settings due to big purchase
of bone mass with extensive dissection. In the present
study, as in some other studies [1, 7, 8, 13], the cervical
cage was filled with cancellous autologous iliac crest graft
harvested with a corer through a percutaneous stab inci-
sion. Therefore, donor site morbidity was minimized with a
tolerable occasional pain occurred in only two patients
(7.14 %).

Regarding the motion-preserving alternatives, multilevel
cervical discectomy is a definite contraindication for total
disc replacement [31], while the mal-aligned cervical spine
is not a good candidate for non-instrumented posterior
decompression techniques, as post-laminectomy instability
and progressive kyphosis are major concerns. Additionally,
fusion is the gold standard for abolishing pain of symp-
tomatic degenerative mal-aligned spine. All of our patients
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had pre-operative axial neck pain and radiological evidence
of spondylosis in a mal-aligned cervical spine.

Our preliminary experience with the indirect decom-
pression technique and stand-alone PEEK cages for con-
tiguous multilevel ACDF, outcomes have been
encouraging, However, special caution should be paid for
fusions extended to C6—C7 level and when the patient is
hesitated, pre-operatively, in accepting the post-operative
protocol and bracing. The prospective nature of this study
enables the author to limit his indications and to improve
his technique. The indications, though limited, can be ex-
tremely useful in some patients to avoid unnecessary in-
strumentation with the hazards and the expenses of the
additional plate fixation. Another shortcoming is the short
period of follow-up which is insufficient for commenting
on adjacent segment changes with its possible effect on
sagittal alignment and development of new pain. A long-
term follow-up study, with a larger number of patients and
control groups including plated ACDF and/or direct de-
compression technique, should be performed to further
investigate the efficacy of stand-alone cages for the treat-
ment of 3- and 4-level CDS.

Conclusion

With proper patient selection, meticulous surgical tech-
nique and strict post-operative cervical bracing, the less-
invasive indirect anterior cervical decompression technique
augmented with stand-alone PEEK cage-assisted ACDF is
an efficient and safe method for the treatment of multilevel
CDS.
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