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A hybrid technique for treating multilevel cervical myelopathy:
Cervical artificial disc replacement combined with fusion
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Abstract. Clinical and radiographic outcomes of multilevel
cervical myelopathy (MCM) patients treated with a hybrid
technique combining cervical anterior corpectomy and
fusion (ACF) with cervical artificial disc replacement (C-ADR)
were evaluated. A total of 23 patients including 14 females
and 9 males (mean age, 48.3 years) were treated with the
hybrid technique and they were followed up for an average
time of 35 months (range from 24 to 40 months). Arm- and
neck-pain visual analogue scale (VAS) scores, neck disability
index (NDI) scores and C2-7 range of motion (ROM) preopera-
tion and 6 weeks, 3 and 24 months postoperation were assessed
and compared. Fusion success and system failure based on
anteroposterior (AP), lateral and flexion/extension X-rays were
examined by an independent reviewer. Postoperative VAS, NDI
and ROM were decreased significantly at all the time-points
examined, as compared to preoperative scores (P<0.05). The
results revealed that this hybrid technique is both technically
feasible and effective for the treatment of MCM. However,
future comparative studies will be required to determine the
potential benefits and pitfalls of this hybrid technique.

Introduction

Cervical anterior corpectomy and fusion (ACF), which
involves direct removal of the compressive abnormality with
stabilization obtained by anterior arthrodesis, has been used as
a standard treatment option for cervical disc disease with excel-
lent clinical outcomes (1). However, there are some limitations
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to ACF. First of all, for 25% of the patients undergoing cervical
fusion, the symptoms will reappear within 10 years (2). It has
been well documented that the rate of pseudarthrosis increases
with each segmental level added to an anterior decompression
and fusion (3). Secondly, although ACF has been employed to
treat cervical myelopathy caused by soft disc herniation with
stable outcomes (4), complications related to bone grafting,
such as dislodgement, fracture, and nonunion of the grafted
bone (5), and recurrence of myelopathy due to adjacent segment
degeneration (6) have been reported. So in some cases, more
than three-levels of ACF (7) or cervical disc replacement have
to be performed to avoid secondary myelopathy.

The complications associated with ACF could potentially
be minimized by combining ACF with other treatments, such
as cervical artificial disc replacement (C-ADR). Analysis of
the strain distribution of intervertebral discs after ACF showed
an increase in longitudinal strain, most frequently at the levels
immediately adjacent to the fused level (8). On the other hand,
it has been demonstrated that C-ADR maintains motion at the
operated level and decreases strain on the adjacent segments for
prevention of adjacent-segment disease (ASD) (9). Therefore,
ACF and C-ADR could potentially be combined together to
treat multilevel cervical myelopathy (MCM) with reduced risk
of ASD. Since the clinical outcomes of two levels C-ADR are
not well defined, in this study we only performed one level
C-ADR on the patients. Our current study aimed to evaluate
the clinical and radiographic outcomes of patients undergoing
this hybrid technique.

Patients and methods

Patient data. All patients with MCM undergoing this hybrid
technique in the authors' clinic over a 3-year period were
assessed. This study was approved by the Ethics Committee of
Jiangyin People's Hospital (Jiangyin, China) and Changzheng
Hospital (Shanghai, China). Signed written informed consents
were obtained from all participants before the study. Inclusion
criteria: patients with three or four consecutive level degenera-
tive disc disease between C3 and C7 and with a radiculopathy
or myelopathy that was not responding to conservative treat-
ments. Exclusion criteria: facet syndrome, patients with
stenosis caused by posterior compression, osteoporosis,
ossification of posterior longitudinal ligament (OPLL), tumor,
severe degenerative scoliosis or kyphosis and infection, which
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Figure 1. Pre- and postoperative images. (A) Lateral C spine X-ray showing spondylotic changes in the C3-4, 4-5, 5-6 and 6-7 intervertebral disc spaces;
(B) preoperative sagittal T2-weighted image which shows that the spinal cord was compressed by C3/4, 4/5, 5/6 and 6/7 discs; (C) postoperative outcome after
performing ACF of C5-6 and C-ADR of C3/4; (D) the operated level after fusion performed at 6 months postoperation; (E and F) postoperative 2-year cervical
dynamic radiographs show preserved ROM of C2-7. ACF, anterior corpectomy and fusion; C-ADR, cervical artificial disc replacement; ROM, range of motion.

are considered as the standard contraindications for ACF and
C-ADR techniques. Hybrid technique was not performed if
the first or the last segment was spondylotic and not mobile.
A total of 23 patients (14 females and 9 males) were included
in the study. The mean age at surgery was 48.3+8.5 years. The
target levels were consecutive in all cases, including C3-6
(n=9), C3-7 (n=6), C4-7 (n=8). C-ADR was performed in the
segment that had greater physiologic motion (C6/7>C3/4) when
the first or the last segment was mobile and non-spondylotic.

Surgical procedure. A standard Smith-Robinson approach
was used to expose the symptomatic levels in all patients.
Subtotal corpectomy with strut graft was performed by
removing discs, vertebral bodies, and posterior longitudinal
ligament (10). Operative levels were determined based on
preoperative radiographic results. Extensive decompression
was performed to expose the dura throughout the length of the
corpectomy and discectomy via removal of the osteophytes,
herniated nucleus pulposus and posterior longitudinal liga-
ment. Titanium mesh (DePuy Synthes Spine, Inc., Raynham,
MA, USA) filled with the bone dust of the resected vertebra
was placed in the anterior cervical plate (Slim-Loc; DePuy
Synthes Spine, Inc.). Preparation of the endplates for arthro-
plasty was accomplished following the standard procedure.
Sizing of the Prestige® Cervical Disc (Medtronic, Memphis,
TN, USA) was determined by comparing the preoperative
radiographic results including computed tomography (CT)
scan to the templates. Insertion of the C-ADR (Discover™,;
DePuy Synthes Spine, Inc.) was accomplished under lateral
fluoroscopy to ensure adequate depth. Correct placement of
a C-ADR was confirmed by anteroposterior (AP) and lateral
fluoroscopic imaging before closure of the incision. All patients

were allowed to sit up within a few days after surgery and wore
a plastic cervical collar without a chin support for 2 months.

Data collection. Preoperative demographic, surgical, and
outcome data were collected from all patients. Clinical
outcomes were assessed by arm and neck VAS scores, neck
disability index (NDI) scores and range of motion (ROM).
ROM of the cervical spine was measured on plain radiographs.
Data from patients who had completed the follow-up examina-
tion scheduled at 6 weeks, 3 and 24 months after surgery were
analyzed.

Statistical analysis. Statistical Package for the Social Sciences
(SPSS) program (version 11.0; SPSS, Inc., Chicago, IL, USA)
was used for the statistical analyses. Results are expressed
as mean =+ standard deviation (SD). Comparison between
multiple groups was made using one-way ANOVA followed
by a post-hoc test (Least Significant Difference). P<0.05 was
considered to indicate a statistically significant difference.

Results

Correct placement of C-ADR. To make sure that C-ADR was
correctly placed during the surgery, lateral fluoroscopic images
were taken as shown in Fig. 1A. No hardware complications
were observed in this study as shown in Fig. 1C. Bone fusion was
achieved in all patients at 6 months after operation (Fig. 1D).
ROM was calculated by the difference in Cobb angles between
full flexion and extension in lateral cervical radiographs (Fig. 1).

Clinical outcomes. As shown in Fig. 2, the neck-pain VAS
score before surgery was 6.96+1.77, and decreased gradually
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Table I. The C2-7 ROM decrease for anterior surgery in each study.

Cervical ROM
(degree) Mean
decrease rate
Sources Approach Follow-up time No. of patients Pre- Post- of ROM (%)
Edwards et al (10) Corpectomy and fusion 49 months 13 37.00 16.00 56.76
with instrumentation
Wada et al (11) Corpectomy and fusion 15 years 23 3940 19.20 51.27
without instrumentation
Lee et al (12) Corpectomy and fusion 21.8 months 20 37.30 17.70 52.55
with instrumentation
ROM, range of motion.
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Figure 2. Neck- and arm-pain VAS scores before operation and at follow-up
time-points of 6 weeks, 3 and 24 months ("P<0.05). VAS, visual analogue scale.
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Figure 3. NDI scores before operation and at follow-up time-points of
6 weeks, 3 and 24 months ("P<0.05). NDI, neck disability index.

over the follow-up period (4.65+1.03 at 6 weeks; 3.30+1.06 at
3 months and 3.09+0.95 at 24 months). The same trend was

Pre- 6 weeks 3 months 24 months

Figure 4. The C2-7 ROM before operation and at follow-up time-points of
6 weeks, 3 and 24 months ("P<0.05). ROM, range of motion.

observed for arm-pain VAS score, which was 6.35+1.61 before
surgery and decreased to 4.00+1.13 at 6 weeks; 3.30+1.11 at
3 months and 3.00+0.95 at 24 months after surgery. Therefore,
our results showed that both the neck- and arm-pain VAS
scores were significantly improved after surgery (P<0.05).

Reduction of NDI scores was also observed after
surgery at all follow-up time-points (70.39+10.68 before
surgery vs. 37.65+13.59 at 6 weeks; 26.65+6.87 at 3 months
and 21.35+4.09 at 24 months after surgery) (Fig. 3). The
differences between pre- and postoperative NDI scores were
statistically significant (P<0.05).

Changes in C2-7 ROM were also notable (Fig. 4). We
observed a 56% of reduction in ROM at 6 weeks after surgery
(43.96+8.19 vs. 19.17£3.55, P<0.05). The reduction rate of
ROM was less as the follow-up prolonged (50% at 3-month
follow-up and 34% at 24-month follow-up), but the statistical
significance remained (P<0.05). The C2-7 ROM degrees
achieved by our hybrid technique were compared to the data
from some of the published studies which assessed anterior or
posterior approach in MCM (Table I) (10-12). Studies (10-12)
showed that the rate of the ROM decrease was greater than
those obtained by this hybrid technique.
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Surgical outcomes and complications. During the follow-up
period, there were no complications related to the surgical
procedures, such as device migration, infection, neurologic
compromise, pseudoarthrosis, or heterotopic ossification. No
other adjacent segment degeneration was detected either radio-
graphically or clinically.

Discussion

The primary goals of the surgical treatment of MCM are
the relief of neurological compression, stabilization of
cervical spine and restoration of lordotic alignment. Posterior
procedures, such as laminectomy and laminoplasty, which
are associated with significant postoperative axial pain and
high incidence of postoperative kyphosis, have become
less preferred treatments of MCM (2,13,14). For patients
with cervical myelopathy involving only one or two motion
segments, ACF has been the preferred surgical treatment
which is performed with high success rate and less compli-
cations (15). However ACF is not the best treatment option
for MCM involving three or more levels, as it is associated
with less predictable outcomes and a higher frequency of
complications (16,17). So, currently, the most commonly used
technique for MCM with three or more levels is contiguous
corpectomies and fusion. However, the incidence of compli-
cations resulting from this surgical modality, such as graft
displacement, non-union and hardware-related complications,
is increased as more levels are decompressed (8,18-20). It
has been demonstrated that a two-level fusion substantially
increases intradiscal pressure as compared to single-level
fusion. Hilibrand et al (21) have recommended that all degen-
erated adjacent segments should be fused with the target level.
It has been demonstrated that C-ADR maintains motion at the
operated level and decreases strain on the adjacent segments
for prevention of ASD (22-24). If the level at which surgery
was performed still maintains mobility, compensatory
hypermobility may not occur in adjacent levels (2). In MCM
with sufficient cervical motion at one or two levels, hybrid
technique combining C-ADR at the mobile level, with ACDF
at the spondylotic level, may be a reasonable alternative to
contiguous corpectomies and fusion.

One of the open questions regarding the hybrid technique
as used in this study is whether or not combination of ACF
with C-ADR leads to firm fusion. In the present study, our
radiographic evaluation demonstrated a 100% fusion rate in
the segments. This hybrid technique was effective in elimi-
nating radicular pain and had a favorable recovery of NDI
scores. At 6 weeks, the C2-7 ROM decreased immediately
after surgery because of patients' fear and residual pain. As
the fear and residual pain alleviated, the C2-7 ROM showed
a better recovery at 3 and 24 months. On the other hand,
we assumed that preserved ROM may be the basis for a
better clinical outcome. Our results are in close agreement
with previous research comparing clinical and radiological
outcomes between artificial disc replacement and fusion. Also
incidences of complications and secondary operations in the
current study are low, suggesting the functional success of
this hybrid technique. Hilibrand et al/ (21) have reported that
each year ~2.9% of the patients has to go through surgery due
to symptomatic ASD after ACF. In our present study, we did
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not observe any cases of ASD. We hypothesize that the hybrid
technique can reduce ASD by reducing hypermobility in adja-
cent segments, or the small sample size and the short follow-up
periods are responsible for this result. Shin et al (25) have
reported that in two consecutive level cervical disc disease, the
hybrid technique is superior to the two-level ACDF in terms of
better NDI recovery, less postoperative neck pain, faster C2-7
ROM recovery, and less adjacent ROM. But these benefits of
hybrid technique are similar to those of 2-ACDF with 5 years
of follow-up (26).

Further studies are required to determine the underlying
etiology of adjacent segment degeneration which might be due
to the type of instrumentation used or the natural history of
the disease itself. Also, it would be beneficial to understand the
ideal biomechanical properties of this hybrid technique, which
would enable us to make better use of this hybrid technique in
treating MCM patients.

High hospitalization expenses, small sample size, short
follow-up period and lack of a control group are the few limi-
tations of the present study.

In conclusion, the results in this study indicate that this
hybrid technique treatment combining ACDF with C-TDR is
both technically feasible and effective for surgical treatment
of MCM. This study demonstrates the benefits of developing a
treatment specific for the needs of the patient and each verte-
bral segment. However, future comparative studies will be
required to determine the potential pros and cons of the hybrid
technique. Long-term follow-up studies are also required to
assess the clinical and functional outcome, and reoperation
rates of the hybrid technique.
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