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Abstract

Purpose: To compare sagittal alignment and clinical outcomes between three-level hybrid surgery (HS) and
anterior cervical discectomy and fusion (ACDF) on cervical spondylotic myelopathy (CSM) over a 5-year follow-up.

Method: The study included 32 patients with ACDF, 36 patients with 1 prosthesis and 2 cages (HS1 group), and
25 cases with 2 prostheses and 1 cage (HS2 group). Alignment parameters included C2–C7 cervical lordosis (CL),
C2–C7 sagittal vertical axis (SVA), T1 slope (T1S), and T1S minus CL (T1SCL). Radiographic parameters were range of
motion (ROM), upper and lower adjacent ROM (UROM and LROM), and operated-segment lordosis (OPCL), as well
as adjacent segment degeneration (ASD). Clinical outcomes included the neck disability index (NDI) and Japanese
Orthopedic Association (JOA) score.

Results: Three groups were well-matched in demographics. All groups gained comparable improvement on NDI
and JOA (P < 0.01). All groups gained CL improvement at the final visit (P < 0.05). There were no statistical
differences on SVA and T1SCL among the groups and among preoperation, 1 week later, and final follow-up
(P > 0.05) while T1S improved at 1 week later and final follow-up with HS2. The final change of all alignment
parameters among the three groups was of no differences. ROM decreased and OPCL increased in all groups at the
final follow-up (P < 0.05). UROM and LROM increased with ACDF but kept stable with HS1 and HS2. There was no
inter-group difference on the incidence of ASD (P > 0.05).

Conclusion: Cervical alignment was comparably improved. HS and ACDF provided identified mid-term efficacy,
and it was not necessary to have to use prosthesis on three-level CSM.

Keywords: Cervical alignment, Radiological outcomes, Clinical outcomes, Hybrid surgery, Anterior cervical
discectomy and fusion, Three-level surgery
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Introduction
Cervical spondylotic myelopathy (CSM) is associated
with spinal cord dysfunction that involves the bulging of
disks, thickening of soft tissues, and joint laxity [1, 2].
Anterior cervical discectomy and fusion (ACDF), focus-
ing on compression of the ventral aspect of the spinal
cord, is a standard and accepted procedure for treating
CSM [3, 4]. Although total artificial disk replacement
(TDR) has been proven superior to ACDF for motion
preservation, controversy still existed as to the ideal sur-
gical approaches that could benefit patients on cervical
motion and stability with multilevel CSM [5]. In this
regard, hybrid surgery (HS), combining with fusion and
arthroplasty technology where appropriate, might be an
alternative for treatment with multilevel CSM [6].
Publications have supported identified radiological and

clinical outcomes on single- or double-level ACDF and
HS [3, 7] while multilevel surgeries, involving more cer-
vical vertebrae, were few studied. Although Kang et al.
[6] compared three-level HS and ACDF for cervical disk
disease, the conclusion in favor of HS was restricted in
radiological parameters and short-term follow. Further-
more, one dynamic-implant combined with two cages
might exert different biomechanics from two prostheses
combined with one cage [8], which was not emphasized
in Kang’s data and a stratified analysis within HS surgeries
should be performed.
In addition, it showed ACDF and HS could restore

focal lordosis and have an impact on the whole cervical
spine alignment, which was the main role in many publi-
cations [3, 5] but still debatable in three-level cases.
Therefore, the objective of this study was to compare
sagittal alignment, radiological, and clinical outcomes
between consecutive three-level HS and ACDF on CSM
with a minimum of 5-year follow-up.

Materials and methods
Participants and procedure selection
A total of 113 patients with CSM enrolled in this retro-
spective study from February 2007 to September 2013,
and all patients have signed informed consent. The in-
clusion criteria were (1) patients required surgery with
uncontrolled symptoms after 6-month conservation
treatment, (2) consecutive three-level HS or ACDF was
performed, and (3) patients with intact radiographic and
clinical outcomes. The exclusion criteria were followed
by (1) patients’ radiological parameters were too unclear
to measure (n = 8), (2) previous cervical spine surgery
(n = 1), (3) cervical spine fracture or infection (n = 1), (4)
follow-up < 5 years or incomplete information (n = 7),
and (5) mortality (n = 3).
The target segment performed fusion or arthroplasty

was determined by radiographs, CT, or MRI. ACDF
could be applied to more severe degenerative segment,

and TDR was used to the degenerative segment in
accordance with (1) range of motion (ROM) was ≥ 6°, (2)
the height loss of intervertebral space was < 80% of the
normal adjacent segment, (3) no obvious instability of the
segment, (4) no much loss of lordosis, (5) no obvious
canal stenosis, and (6) no obvious osteoporosis, but it
still lacks consensus of the threshold for (3) to (6) [9].

Surgical procedure
Each patient was performed ACDF or HS by the same
senior surgeon. A right-sided incision and a standard
Smith-Robinson approach to the cervical spine were
performed. After complete decompression, three PEEK
cages were implanted during ACDF procedures without
anterior rigid plating (ACDF group) while one artificial
disk combined with two stand-alone PEEK cages (HS1
group) or two artificial disks combined with one cage
(HS2 group) were implanted in HS. Artificial disks
included Prodisc-C (Depuy Synthes, USA) while PEEK
cage was MC+ (LDR Medical, France). All patients were
instructed to wear soft collar for 2 months after surgery.

Radiological parameters evaluation
Cervical alignment parameters
Lateral neutral X-ray was obtained at preoperation, 1
week after surgery, and final follow-up with a minimum
of 5 years. Sagittal alignment parameters included C2–
C7 cervical lordosis (CL), C2–C7 sagittal vertical axis
(SVA), T1 slope (T1S), and T1S minus CL (T1SCL). CL
was from lower endplate of C2 to lower endplate of C7;
SVA was measured from C2 plumb line to posterior
margin of the upper endplate of C7; T1S was from upper
endplate of T1 to horizontal line. T1SCL was used to
evaluate the cervical sagittal balance (T1SCL ≤ 20°,
balance; T1SCL > 20°, imbalance) [10] (Fig. 1).

Anatomic measurements and complications evaluation
Lateral flexion-extension X-ray was obtained at pre-
operation and final follow-up, where ROM, upper and
lower adjacent segment ROM (UROM and LROM), and
lordosis of operated segments (OPCL) was measured.
ROM was defined as the extension angle minus the
flexion angle. UROM was the extension angle of upper
adjacent functional spinal unit (FSU) minus that of the
flexion angle, so was LROM. OPCL was the Cobb angle
between the superior endplate of the superior operated
vertebrae and the inferior endplate of caudal operated
vertebrae (Fig. 1). Radiological adjacent segment degen-
eration (ASD) was determined by the presence of disk
space narrowing > 50%, new or enlarged osteophytes,
endplate sclerosis, or increased calcification of the anter-
ior longitudinal ligament [7]. The cage fusion or artificial
disk lock was defined as more than 50% of trabecular
bridging or no motion (≤ 2°) [11].
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Clinical outcomes assessment
Clinical outcomes included neck disability index (NDI)
and Japanese Orthopedic Association (JOA) score, which
were both evaluated at preoperation, 1 week after
surgery, and final follow-up. The recovery rate (RR)
of JOA was calculated by the Hirabayashi method:
RR(%) = (PostOP JOA-PreOP JOA)/(17-PreOP JOA) × 100.

Statistical analysis
Measurement data are expressed as the−x ± s. One-way
analysis of variance and Kruskal-Wallis test were used to
compare variables among ACDF, HS1 and HS2 groups,
and among preoperation, 1 week after surgery, and final
follow-up. Chi-squared test or Fisher test was performed
on dichotomous. The statistical analysis was performed
using IBM SPSS Statistics 22.0 (International Business
Machines Corporation, Armonk, NY, USA), and statistical
significance was defined as P < 0.05.

Results
Eventually, there were 93 participants enrolled with a
mean follow-up of 76.4 ± 9.0 m, including 32 patients in
the ACDF group, 36 patients in the HS1 group, and 25
cases in the HS2 group. Three groups were well-
matched on age, gender, and body mass index (BMI).
The operated-segment distribution, operation time, and
blood loss were of no difference among groups
(P > 0.05), but operation time was shorter in ACDF than
the HS2 group (P = 0.026) (Table 1).

Radiological parameters among ACDF, HS1, and HS2
Cervical alignment parameters
There were no statistical differences on global CL among
ACDF, HS1, and HS2 at preoperation, 1 week later, and
final follow-up (P > 0.05). After surgery, three groups all

gained CL improvement, and there were statistical dif-
ferences at the final visit compared with preoperation
(P < 0.05). SVA and T1SCL were both lower in the HS1
group than in ACDF before surge while there were no
statistical differences among the three groups at pre-
and post-operation (P > 0.05). The inner-group compari-
sons also showed no significance on SVA and T1SCL at
1 week and the last visit after surgery (P > 0.05). There
were T1S improvements at 1 week later and final follow-

Fig. 1 Measurement of cervical alignment and radiological parameters. a measurement of CL, SVA, and T1S. b Measurement of OPCL. c
Measurement of radiological parameters on flexion lateral image and d on extension lateral image. CL C2–C7 cervical lordosis, SVA C2–C7 sagittal
vertical axis, T1S T1 slope, OPCL lordosis of operated segments, UCL lordosis of upper adjacent segment, LCL lordosis of lower adjacent segment

Table 1 Demographic characteristics and surgery information
among ACDF, HS1, and HS2 groups

ACDF HS1 HS2 P

Gender (M/F) 17/15 17/19 14/11 0.779

Age (years) 57.2 ± 8.3 55.5 ± 7.5 55.2 ± 12.6 0.695

BMI (kg/m2) 24.8 ± 3.4 25.3 ± 3.3 26.0 ± 1.6 0.658

DM (n) 3 7 4 0.505

Smoking (n) 6 10 5 0.631

Follow-up (months) 74.5 ± 9.6 78.3 ± 8.5 76.0 ± 6.3 0.205

Operated segments 0.295

C3–C6 (n) 7 11 4 0.403

C3–C6: CCD/CDC/DCCa / 2/7/2 /

C3–C6: DDC/DCD/CDDa 2/1/1

C4–C7 (n) 25 25 21

C4–C7: CDC/DCCa / 3/22 /

C4–C7: DDC/DCD/CDDa / / 13/7/1

Operation time (min) 101.1 ± 21.1 107.3 ± 17.8 122.0 ± 13.0 0.063

Blood loss (ml) 71.3 ± 37.1 86.8 ± 73.5 85.0 ± 36.4 0.538

ACDF anterior cervical discectomy and fusion, HS hybrid surgery, HS1 one
prosthesis and two cages, HS2 two prostheses and one cage, M male,
F female, BMI body mass index, DM diabetes mellitus
aIt means the implantation order from cranial to caudal segments. For
example, C3–C6: CCD means artificial disk of C3/4 + artificial disk of C4/5+
peek cage of C5/6
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up in HS2. But T1S were of no statistical differences
among the three groups and among preoperation, 1
week later, and final follow-up in the ACDF and HS1
group. In addition, there were no statistical differences
on the final change of all cervical alignment parameters
among the three groups (P > 0.05) (Table 2).

Anatomic measurements and complications
ROM were of no differences among groups at baseline
and final visit, so were their change. While there was a
ROM decrease in all groups at final follow-up (P < 0.05),
UROM and LROM were comparable at baseline among
three groups while the two parameters got lower in the
HS1 and HS2 groups compared with the ACDF group
(P < 0.05). UROM and LROM got increased (P < 0.05) in
the ACDF group at final follow-up. There was no signifi-
cance on OPCL among the three groups at preoperation
while all groups got comparable improvement at final
visit (P < 0.05) (Table 3).
There was no inter-group difference on the incidence

of ASD (P > 0.05), so were the respective incidence of
upper and lower ASD (Table 3). There was one case that
underwent posterior single-door laminoplasty for a se-
vere compression and unsatisfied outcome at 1 month
after ACDF while of no secondary surgery in HS1 or
HS2. All three groups acquired 100% fused rate in cage-
implanted segments at the final visit. However, two
segments (2/36) from the HS1 group and one segment

(1/50) from the HS2 group planted artificial disks were
locked and lost ROM.

Clinical outcomes among ACDF, HS1, and HS2
There were all no statistical differences on NDI and JOA
among the three groups before surgery, at post-
operation and final visit (P > 0.05). All three groups
gained comparable improvement on NDI and JOA after
surgery (P < 0.01). Besides, NDI and JOA get further
improvement at the final visit compared with 1 week after
surgery (P < 0.05) except JOA of HS2 group (Table 4).

Discussion
The comparison of HS and ACDF has been studied
mainly on short-level operation [9, 12]. Xiong et al. [9]
compared mid-term outcomes of HS and ACDF with a
6-year visit and concluded HS yielded similar clinical
improvement to ACDF and demonstrated better preser-
vation of ROM. Chen et al. [13] performed a short-term
study on HS and posterior laminoplasty and showed HS
preserved cervical curvature with a lower late complica-
tion rate. However, few studies have simultaneously and
systematically compared mid-term radiological outcomes
and qualification of life between three-level HS and
ACDF surgery, let alone subgroup of HS. Cervical align-
ment has been a hot and debatable issue where studies
reported alignment closely related to clinical outcomes
[14] while others held ambiguous points [1, 2]. This

Table 2 Comparisons on cervical alignment parameters among ACDF, HS1, and HS2

ACDF HS1 HS2 P

CL at pre-op (°) 6.8 ± 14.3 12.1 ± 11.0 9.7 ± 15.5 0.231

CL at 1 week later (°) 11.1 ± 10.2 14.7 ± 9.1 16.2 ± 10.0a 0.237

CL at final follow-up (°) 12.6 ± 9.0b 16.3 ± 7.4b 18.9 ± 11.7b 0.113

ΔCL (°) 5.9 ± 10.9 4.2 ± 9.3 9.2 ± 12.1 0.538

SVA at pre-op (cm) 2.0 ± 1.0 1.5 ± 1.1 1.8 ± 0.7 0.088

SVA at 1 week later (cm) 2.6 ± 1.3 2.2 ± 1.0 2.4 ± 0.5 0.375

SVA at final follow-up (cm) 1.9 ± 1.2 1.7 ± 1.1 1.9 ± 1.5 0.738

ΔSVA (cm) − 0.1 ± 1.0 0.3 ± 0.9 0.1 ± 1.4 0.406

T1S at pre-op (°) 24.1 ± 8.4 24.0 ± 8.2 22.1 ± 3.9 0.881

T1S at 1 week later (°) 26.1 ± 8.0 26.7 ± 7.9 28.2 ± 6.8aa 0.851

T1S at final follow-up (°) 26.0 ± 7.3 26.7 ± 7.4 26.4 ± 2.6b 0.908

ΔT1S (°) 1.9 ± 8.7 2.7 ± 5.9 4.3 ± 2.1 0.745

T1SCL at pre-op (°) 17.3 ± 9.9 11.9 ± 9.7 12.5 ± 13.7 0.081

T1SCL at 1 week later (°) 15.1 ± 8.9 11.9 ± 9.0 12.0 ± 13.3 0.360

T1SCL at final follow-up (°) 13.3 ± 9.9 10.4 ± 7.7 7.2 ± 9.3 0.216

ΔT1SCL (°) − 4.0 ± 10.0 − 1.5 ± 9.6 − 5.2 ± 13.2 0.506

ACDF anterior cervical discectomy and fusion, HS hybrid surgery, HS1 one prosthesis and two cages, HS2 two prostheses and one cage, CL C2–C7 cervical lordosis,
Pre-op preoperation, SVA C2–C7 sagittal vertical axis, T1S T1 slope, T1SCL T1S minus CL
“Δ” is the change of variable at final follow-up compared to baseline
aSignificance on parameters between pre-op and 1 week after surgery (P < 0.05)
aaSignificance on parameters between pre-op and 1 week after surgery (P < 0.01)
bSignificance on parameters between pre-op and final follow-up (P < 0.05)
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study firstly demonstrated identified alignment change
and clinical efficacy improvement after three-level HS
and ACDF surgery on CSM with a mid-term follow-up.
Cervical laminoplasty, sometimes selected for multi-

level CSM, can maintain the mobility of the cervical
spine while anterior approach could also acquire effect-
ive outcomes [13, 15]. However, there have been
reported some disadvantages about laminoplasty. The
cervical-balance maintaining and reconstruction after
both HS and ACDF was, to a great extent, due to the
less incision and protection for the posterior cervical
muscle-ligament complex. Sakai et al. [16] found postop-
erative cervical sagittal alignment and balance were
maintained after ACDF but deteriorated following lami-
noplasty by a review on prospective studies. Chen et al.
[13] showed HS may preserve cervical curvature with a
lower late complication rate than cervical laminoplasty.
As an indirect method, the effectiveness of posterior de-
compression is limited, especially in individuals with ab-
sence or reversal of the physiological curvature. In
anterior approach surgeries, ACDF and TDR are the
most commonly used methods to reconstruct cervical
stability in patients with sufficient decompression.
Based on previous research and clinical experience

with TDR and ACDF, surgery indications and contrain-
dications have been drafted for treatments [7, 17].TDR
was considered a reasonable option with a simple herni-
ated disk without significant joint instability, facet joint
degeneration, preoperative ASD, disk calcification, and

Table 3 Comparisons on anatomic radiographic parameters and ASD among ACDF, HS1, and HS2

ACDF HS1 HS2 P

ROM at pre-op (°) 38.6 ± 10.3 44.7 ± 13.4 40.5 ± 10.6 0.153

ROM at final follow-up (°) 24.0 ± 6.3bb 29.0 ± 9.1bb 32.7 ± 9.9b 0.124

ΔROM − 16.2 ± 10.0 − 15.8 ± 14.3 − 7.8 ± 8.5 0.488

UROM at pre-op (°) 9.8 ± 4.7 9.3 ± 4.4 8.7 ± 3.4 0.867

UROM at final follow-up (°) 11.6 ± 4.0 8.4 ± 3.3 8.5 ± 4.9 0.044

ΔUROM 1.7 ± 7.0 − 1.0 ± 4.7 − 0.3 ± 4.0 0.389

LROM at pre-op (°) 6.9 ± 3.6 6.5 ± 4.3 5.9 ± 3.1 0.858

LROM at final follow-up (°) 9.6 ± 3.3 4.9 ± 3.8 6.4 ± 3.1 0.002

ΔLROM 1.8 ± 6.4b − 2.1 ± 4.0 0.1 ± 2.9 0.078

OPCL at pre-op (°) 3.3 ± 10.9 8.2 ± 8.5 1.7 ± 12.7 0.106

OPCL at final follow-up (°) 9.4 ± 7.0 13.8 ± 7.6 11.9 ± 13.8 0.142

ΔOPCL 6.9 ± 10.0b 5.2 ± 8.0bb 8.2 ± 7.6b 0.688

ASD (n) 20 22 17 0.707

Upper ASD (n) 6 13 9 0.224

Lower ASD (n) 14 14 10 0.916

ACDF anterior cervical discectomy and fusion, HS hybrid surgery, HS1 one prosthesis and 2 cages HS2, two prostheses and one cage ROM, cervical range of
motion, Pre-op, preoperation, UROM ROM of upper adjacent segment, LROM ROM of lower adjacent segment OPCL, cervical lordosis of operated segment, ASD
adjacent segment degeneration
“Δ” is the change of variable at final follow-up compared to baseline
bSignificance on parameters between pre-op and final follow-up (P < 0.05)
bbSignificance on parameters between pre-op and final follow-up (P < 0.01)

Table 4 Comparisons on NDI and JOA among ACDF, HS1, and
HS2

ACDF HS1 HS2 P

NDI at pre-op 38.0 ± 3.0 38.9 ± 3.9 37.9 ± 2.1 0.230

NDI at 1 week later 19.3 ± 6.9 19.9 ± 4.4 19.3 ± 5.1 0.875

NDI at final follow-up 12.5 ± 8.2 10.7 ± 3.3 11.8 ± 2.2 0.163

Δ1 NDI 19.0 ± 6.9 19.9 ± 5.0 18.5 ± 3.7 0.792

Δ2 NDI 25.8 ± 8.2 28.8 ± 5.6 27.2 ± 2.0 0.215

P1 (NDI) < 0.001 < 0.001 < 0.001

P2 (NDI) < 0.001 < 0.001 < 0.001

P3 (NDI) < 0.001 < 0.001 0.009

JOA at pre-op 10.3 ± 1.9 11.0 ± 1.7 11.3 ± 1.5 0.125

JOA at 1 week later 14.6 ± 1.4 14.9 ± 0.8 15.3 ± 0.5 0.433

JOA at final follow-up 15.7 ± 1.9 16.2 ± 1.1 15.8 ± 1.0 0.406

RR1 JOA (%) 63.8 ± 23.5 63.4 ± 13.2 56.3 ± 18.5 0.740

RR2 JOA (%) 81.8 ± 29.4 87.0 ± 18.1 71.0 ± 21.0 0.361

P1 (JOA) < 0.001 < 0.001 0.002

P2 (JOA) < 0.001 < 0.001 0.001

P3 (JOA) 0.018 < 0.001 0.456

NDI neck disability index, JOA Japanese Orthopedic Association score, ACDF,
anterior cervical discectomy and fusion, HS hybrid surgery, HS1 one prosthesis
and 2 cages, HS2 two prostheses and one cage, Pre-op preoperation, P1
significance between pre-op and 1 week after surgery, P2 significance between
pre-op and final follow-up, P3 significance between 1 week after surgery and
final follow-up
“Δ1” is the change of variable at 1 week after surgery compared to baseline
and “Δ2” is the change of variable at final follow-up compared to baseline
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extensive spinal stenosis. In the case of radiographic
signs of instability or no motion at the target levels, with
or without facet degeneration, ACDF was achieved [7],
which was in consistent with what the criteria we
adopted reported by Xiong [9]. Had to admit, selection
bias was inevitable in retrospective studies for the differ-
ent indications for each procedure, and it was unrealistic
to undertake randomized controlled trials, even with
prospective studies [2]. In that case, although probable
with different baseline of parameters, the change of each
measurement was introduced in this study to reduce
selection bias.
Grasso [7] showed short-term ROM increased in two-

to multi-level HS group compared with ACDF-treated
patients. A comparison between the two surgeries with
double levels showed the mean UROM and LROM were
similar preoperatively, but UROM was significantly dif-
ferent at the 3-year follow-up [9]. Lu et al. [18] per-
formed a systematic review that showed that C2–C7
ROM was significantly greater after HS than ACDF,
while UROM and LROM were significantly lower. In
our study, the decrease of global ROM in the three
groups after surgeries might due to more fused intervene
on multi-segments with such a long follow-up duration.
While it was effective for TDR since the decrease of
ROM gradually was relieved from ACDF to HS2 al-
though without statistical significance. A stable UROM
and LROM in the HS1 and HS2 groups but larger ones
with ACDF indicated an overcompensate ROM on adja-
cent segment to approximate physical status and an im-
pact on rational-distributed tendency of ROM with HS,
which was in line with previous studies.
One of the major concerns regarding ACDF was it

could not preserve the normal kinematics of the cervical
spine and might result in ASD. Increased motion and
intradiscal pressure have been reported in the untreated
levels adjacent to fused levels [19]. Accordingly, HS aims
to tailor ACDF or TDR to the selected levels for preserv-
ing segmental motion of the cervical spine, avoiding
long-level fusion, and preventing further ASD [20, 21].
Biomechanical studies have shown increased intra-discal
pressure on the adjacent disks after a fusion model [22]
and ensuing a higher occurrence of ASD. However, it
remained debatable [23] that there was no significance
between the two procedures. In our study, radiological
ASD with a 64.8% ratio in the three groups was of no
inter-group difference during a 5-year follow and no
case suffered clinical ASD.
The reason of indifference on ASD might be as fol-

lows: Firstly, it was based on small-sample comparison
and statistical significance was lightened. Secondly, the
impact of artificial disk was weakened in three-level op-
eration particularly in the HS1 group, and the decrease
of target-segmental ROM influenced by heterotopic

ossification over 5 years impeded the function of artifi-
cial disk. Thirdly, ASD might be a natural progress but
not totally a iatrogenic outcome, and exceed ROM was
not surely inconsistent with ASD [8, 24]. Maldonado et al.
[25] published a prospective cohort study comparing
ASD after TDR and ACDF. They found that preserva-
tion of motion in TDR patients was not associated with
a reduction of ASD and concluded that there may be
other factors that influence ASD. It has also been
reported that multilevel ACDF do not significantly in-
crease the risk of ASD at the C7-T1 level contrasted to
HS, and ASD occurred mainly in the middle region of
cervical spine [26], which was in line with this study of
no difference on ASD since the middle region had
escaped being adjacent segment with three-level surgery.
OPCL recovery was beneficial to cervical curve main-

taining because three-level region occupied most pro-
portion of the overall cervical spine, and OPCL
correction was more suitable for stress distribution
physiologically [10]. In addition, cervical alignment could
be reconstructed through release of anterior tissue,
removal of osteophyte, repairment of endplate bed, the
pattern and the bonding of implants, reported by Di
Martino et al. [11]. Meanwhile, they found a straight
cervical spine was related to increased SVA and larger
T1SCL, which was shown in our data before surgery.
ACDF was more likely to be selected for patients with
straight cervical spine for its indications with more facet
degeneration. Thus, the baseline of SVA and T1SCL was
larger in the ACDF group than in HS. However, most
cases (90.1%) gained cervical balance after surgery, and
it showed comparable capacity between HS and ACDF
on cervical alignment reconstruction.
Neurologic function and quality of life reflected by

NDI and JOA of all patents were improved after surger-
ies and a further promotion at final follow-up, which
was attributed to a better adaption of postoperative sta-
tus, the further edema-elimination and a progressed
repairment of nerve root as well as the regular functional
training [7, 27]. The key objective of either HS or ACDF
surgery was to remove compression of spinal cord and
neurological function recovery. So in our series, the
three groups showed a mid-term and safe efficacy in the
treatment of CSM. Therefore, regardless of the surgical-
indications of ACDF and TDR, taking cost and medical
insurance in consideration, we suggested ACDF was
enough for three-level CSM, and it was not necessary to
use prosthesis.
There were still some limitations in this study. Firstly,

the sample of both groups was little. Probably, a larger
population could support a strong verification with a co-
hort study. Then, there was no subgroup analysis on
operated-segment region (C3–C6/C4–C7), and the types
of artificial disks. Finally, only the patients with CSM
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were included, and the conclusion might not be suitable
for other cervical spine disease such as spondylotic
radiculopathy.

Conclusions
Cervical alignment was comparably improved, and most
patients gained cervical balance by HS and ACDF
through an over 5-year follow-up. Global cervical ROM
all decreased with insignificant change in the three
groups. ROM of adjacent segments increased in ACDF
group while kept stable in the HS1 and HS2 groups, but
the incidence of ASD was of no difference. In total, HS
and ACDF provided an identified and mid-term efficacy.
Therefore, it was not necessary to use prosthesis in the
treatment of three-level CSM.

Abbreviations
ACDF: Anterior cervical discectomy and fusion; ASD: Adjacent segment
degeneration; BMI: Body mass index; CL: C2–C7 cervical lordosis;
CSM: Cervical spondylotic myelopathy; FSU: Functional spinal unit; HS: Hybrid
surgery; JOA: Japanese Orthopedic Association; NDI: Neck disability index;
OPCL: Lordosis of operated segments; ROM: Range of motion; RR: Recovery
rate; SVA: Sagittal vertical axis; T1S: T1 slope; T1SCL: T1S minus CL; TDR: Total
artificial disk replacement

Acknowledgements
We acknowledge Houshan Lv who contributed towards the study by
making substantial contributions to the design and the acquisition of data.

Authors’ contributions
Conceptualization was done by LHY and XS. Data curation was done by LHY,
XS and ZZK. Formal analysis was done by LY and XS. Investigation was done
by LY and WKF. Methodology was done by XS, LY and YGJ. Project
administration was done by LHY. XS and YGJ were responsible for the
resources. XS and LY were responsible for the software. Validation was done
by LY. Visualization was done by LHY. LHY, XS and LY were responsible for
the writing and editing of the manuscript. All authors read and approved
the final manuscript.

Funding
National Key R&D Program of China (grant number: 2016YFC0105606).

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
This study has obtained ethics approval and consent of the ethics
committee in our hospital.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Received: 20 October 2019 Accepted: 11 February 2020

References
1. Basques BA, Louie PK, Mormol J, et al. Multi- versus single-level anterior

cervical discectomy and fusion: comparing sagittal alignment, early adjacent
segment degeneration, and clinical soutcomes. Eur Spine J. 2018;27(11):
2745–53. https://doi.org/10.1007/s00586-018-5677-y.

2. Ames CP, Blondel B, Scheer JK, et al. Cervical radiographical alignment:
comprehensive assessment techniques and potential importance in cervical

myelopathy. Spine (Phila Pa 1976). 2013;38(22 Suppl 1):S149–60. https://doi.
org/10.1097/BRS.0b013e3182a7f449.

3. Konig SA, Ranguis S, Spetzger U. Hybrid solutions for the surgical treatment
of multilevel degenerative cervical disk disease. Surg J. 2015;1(1):e16–22.
https://doi.org/10.1055/s-0035-1567876.

4. Jiang L, Tan M, Dong L, et al. Comparison of anterior decompression and
fusion with posterior laminoplasty for multilevel cervical compressive
myelopathy: a systematic review and meta-analysis. J Spinal Disord Tech.
2015;28(8):282–90. https://doi.org/10.1097/BSD.0000000000000317.

5. Pimenta L, McAfee PC, Cappuccino A, et al. Superiority of multilevel cervical
arthroplasty outcomes versus single-level outcomes: 229 consecutive PCM
prostheses. Spine (Phila Pa 1976). 2007;32(12):1337–44. https://doi.org/10.
1097/BRS.0b013e318059af12.

6. Kang L, Lin D, Ding Z, et al. Artificial disk replacement combined with
midlevel ACDF versus multilevel fusion for cervical disk disease involving 3
levels. Orthopedics. 2013;36(1):e88–94. https://doi.org/10.3928/01477447-
20121217-24.

7. Grasso G. Clinical and radiological features of hybrid surgery in multilevel
cervical degenerative disc disease. Eur Spine J. 2015;24(Suppl 7):842–8.
https://doi.org/10.1007/s00586-015-4281-7.

8. Alhashash M, Shousha M, Boehm H. Adjacent segment disease after cervical
spine fusion: evaluation of a 70 patient long-term follow-up. Spine (Phila Pa
1976). 2018;43(9):605–9. https://doi.org/10.1097/BRS.0000000000002377.

9. Xiong Y, Xu L, Yu X, et al. Comparison of 6-year follow-up result of
hybrid surgery and anterior cervical discectomy and fusion for the
treatment of contiguous two-segment cervical degenerative disc
diseases. Spine (Phila Pa 1976). 2018;43(20):1418–25. https://doi.org/10.
1097/BRS.0000000000002639.

10. Ames CP, Smith JS, Eastlack R, et al. Reliability assessment of a novel cervical
spine deformity classification system. J Neurosurg Spine. 2015;23(6):673–83.
https://doi.org/10.3171/2014.12.SPINE14780.

11. Di Martino A, Papalia R, Albo E, et al. Cervical spine alignment in disc
arthroplasty: should we change our perspective? Eur Spine J. 2015;24(Suppl
7):810–25. https://doi.org/10.1007/s00586-015-4258-6.

12. Ji GY, Oh CH, Shin DA, et al. Artificial disk replacement combined with
fusion versus 2-level fusion in cervical 2-level disk disease with a 5-year
follow-up. Clin Spine Surg. 2015;30(5):E620–7. https://doi.org/10.1097/BSD.
0000000000000316.

13. Chen H, Liu H, Meng Y, et al. Short-term outcomes of anterior fusion-
nonfusion hybrid surgery versus posterior cervical laminoplasty in the
treatment of multilevel cervical Spondylotic myelopathy. World Neurosurg.
2018;116:e1007–14. https://doi.org/10.1016/j.wneu.2018.05.150.

14. Huang Y, Lan Z, Xu W. Analysis of sagittal alignment parameters following
anterior cervical hybrid decompression and fusion of multilevel cervical
Spondylotic myelopathy. BMC Musculoskelet Disord. 2019;20(1):1. https://
doi.org/10.1186/s12891-018-2378-y.

15. Lee SH, Son DW, Lee JS, et al. Differences in cervical sagittal alignment
changes in patients undergoing laminoplasty and anterior cervical
discectomy and fusion. Neurospine. 2018;15(1):91–100. https://doi.org/10.
14245/ns.1834864.432.

16. Sakai K, Yoshii T, Hirai T, et al. Impact of the surgical treatment for
degenerative cervical myelopathy on the preoperative cervical sagittal
balance: a review of prospective comparative cohort between anterior
decompression with fusion and laminoplasty. Eur Spine J. 2017;26:104–12.
https://doi.org/10.1007/s00586-016-4717-8.

17. Shi JS, Lin B, Xue C, et al. Clinical and radiological outcomes following
hybrid surgery in the treatment of multi-level cervical spondylosis: over a 2-
year follow-up. J Orthop Surg Res. 2015;10:185. https://doi.org/10.1186/
s13018-015-0330-5.

18. Lu VM, Zhang L, Scherman DB, et al. Treating multi-level cervical disc
disease with hybrid surgery compared to anterior cervical discectomy and
fusion: a systematic review and meta-analysis. Eur Spine J. 2017;26(2):546–
57. https://doi.org/10.1007/s00586-016-4791-y.

19. Sasso RC, Anderson PA, Riew KD, et al. Results of cervical arthroplasty
compared with anterior discectomy and fusion: four-year clinical outcomes
in a prospective, randomized controlled trial. J Bone Joint Surg Am. 2011;
93(18):1684–92. https://doi.org/10.2106/JBJS.J.00476.

20. Shin DA, Yi S, Yoon DH, et al. Artificial disc replacement combined with
fusion versus two-level fusion in cervical two-level disc disease. Spine (Phila
Pa 1976). 2009;34(11):1153–9, 1160-1161. https://doi.org/10.1097/BRS.
0b013e31819c9d39.

Xu et al. Journal of Orthopaedic Surgery and Research           (2020) 15:79 Page 7 of 8

https://doi.org/10.1007/s00586-018-5677-y
https://doi.org/10.1097/BRS.0b013e3182a7f449
https://doi.org/10.1097/BRS.0b013e3182a7f449
https://doi.org/10.1055/s-0035-1567876
https://doi.org/10.1097/BSD.0000000000000317
https://doi.org/10.1097/BRS.0b013e318059af12
https://doi.org/10.1097/BRS.0b013e318059af12
https://doi.org/10.3928/01477447-20121217-24
https://doi.org/10.3928/01477447-20121217-24
https://doi.org/10.1007/s00586-015-4281-7
https://doi.org/10.1097/BRS.0000000000002377
https://doi.org/10.1097/BRS.0000000000002639
https://doi.org/10.1097/BRS.0000000000002639
https://doi.org/10.3171/2014.12.SPINE14780
https://doi.org/10.1007/s00586-015-4258-6
https://doi.org/10.1097/BSD.0000000000000316
https://doi.org/10.1097/BSD.0000000000000316
https://doi.org/10.1016/j.wneu.2018.05.150
https://doi.org/10.1186/s12891-018-2378-y
https://doi.org/10.1186/s12891-018-2378-y
https://doi.org/10.14245/ns.1834864.432
https://doi.org/10.14245/ns.1834864.432
https://doi.org/10.1007/s00586-016-4717-8
https://doi.org/10.1186/s13018-015-0330-5
https://doi.org/10.1186/s13018-015-0330-5
https://doi.org/10.1007/s00586-016-4791-y
https://doi.org/10.2106/JBJS.J.00476
https://doi.org/10.1097/BRS.0b013e31819c9d39
https://doi.org/10.1097/BRS.0b013e31819c9d39


21. Hey HW, Hong CC, Long AS, et al. Is hybrid surgery of the cervical spine a
good balance between fusion and arthroplasty? Pilot results from a single
surgeon series. Eur Spine J. 2013;22(1):116–22. https://doi.org/10.1007/
s00586-012-2486-6.

22. Hwang SH, Kayanja M, Milks RA, et al. Biomechanical comparison of
adjacent segmental motion after ventral cervical fixation with varying
angles of lordosis. Spine J. 2007;7(2):216–21. https://doi.org/10.1016/j.spinee.
2006.05.018.

23. Matsumoto M, Toyama Y, Ishikawa M, et al. Increased signal intensity of the
spinal cord on magnetic resonance images in cervical compressive
myelopathy. Does it predict the outcome of conservative treatment? Spine
(Phila Pa 1976). 2000;25(6):677–82.

24. Jack A, Hardy SG, Nataraj A. Adjacent segment pathology: progressive
disease course or a product of iatrogenic fusion? Can J Neurol Sci. 2017;
44(1):78–82. https://doi.org/10.1017/cjn.2016.404.

25. Maldonado CV, Paz RD, Martin CB. Adjacent-level degeneration after cervical
disc arthroplasty versus fusion. Eur Spine J. 2011;20(Suppl 3):403–7. https://
doi.org/10.1007/s00586-011-1916-1.

26. Louie PK, Presciutti SM, Iantorno SE, et al. There is no increased risk of
adjacent segment disease at the cervicothoracic junction following an
anterior cervical discectomy and fusion to C7. Spine J. 2017;17(9):1264–71.
https://doi.org/10.1016/j.spinee.2017.04.027.

27. Spanos SL, Siasios ID, Dimopoulos VG, et al. Correlation of clinical and
radiological outcome after anterior cervical discectomy and fusion with a
polyetheretherketone cage. J Clin Med Res. 2018;10(3):268–76. https://doi.
org/10.14740/jocmr3326w.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Xu et al. Journal of Orthopaedic Surgery and Research           (2020) 15:79 Page 8 of 8

https://doi.org/10.1007/s00586-012-2486-6
https://doi.org/10.1007/s00586-012-2486-6
https://doi.org/10.1016/j.spinee.2006.05.018
https://doi.org/10.1016/j.spinee.2006.05.018
https://doi.org/10.1017/cjn.2016.404
https://doi.org/10.1007/s00586-011-1916-1
https://doi.org/10.1007/s00586-011-1916-1
https://doi.org/10.1016/j.spinee.2017.04.027
https://doi.org/10.14740/jocmr3326w
https://doi.org/10.14740/jocmr3326w

	Abstract
	Purpose
	Method
	Results
	Conclusion

	Introduction
	Materials and methods
	Participants and procedure selection
	Surgical procedure
	Radiological parameters evaluation
	Cervical alignment parameters
	Anatomic measurements and complications evaluation

	Clinical outcomes assessment
	Statistical analysis

	Results
	Radiological parameters among ACDF, HS1, and HS2
	Cervical alignment parameters
	Anatomic measurements and complications

	Clinical outcomes among ACDF, HS1, and HS2

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

