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Abstract

Objective To provide a basis for the choice of anterior
surgery procedures in the treatment of cervical spondylotic
myelopathy (CSM) through long-term follow-up.
Methods A consecutive series of 89 patients with CSM
having complete follow-up data were analyzed retrospec-
tively. All patients were treated with anterior cervical
discectomy and fusion (ACDF), and anterior cervical
corpectomy and fusion (ACCF) from July 2000 to June
2007. The lesions were located in one segment (n = 25),
two segments (n = 56), and three segments (n = 8). Pre-
operative and postoperative, the C2—-C7 angle, cervical
intervertebral height, radiographic fusion status, result of
the adjacent segment degeneration, the Japanese Ortho-
paedic Association (JOA), and the Short Form 36-item
(SF36) questionnaire scores were used to evaluate the
efficacy of the surgery.

Results  According to the different compression condi-
tions of the 89 cases, different anterior operation proce-
dures were chosen and satisfactory results were achieved,
indicating that direct anterior decompressions were thor-
ough and effective. The follow-up period was
60-108 months, and the average was 79.6 months. The
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S-year average symptom improvement rate, effectiveness
rate, and fineness rate were 78.36 %, 100 % (89/89), and
86.52 % (77/89), respectively.

Conclusions For CSM with compression coming from
the front side, proper anterior decompression based on the
specific conditions could directly eliminate the compres-
sion. Through long-term follow-up, the effect of decom-
pression became observable.
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Introduction

Cervical spondylotic myelopathy (CSM) is one of the most
common orthopedic diseases, causing progressive degen-
erative changes in the cervical spine of patients over
55 years old [1, 2]. CSM can result in the symptomatic
compression of the spinal cord and nerve roots, and once
CSM has been diagnosed, early surgical treatment should
be performed to halt further neurological deterioration,
such as quadriparesis or paralysis [2]. According to the
patients’ general condition, the location of the spinal cord
compression, and the surgeons’ preference, surgical treat-
ment is primarily categorized into three procedures
namely, anterior operation, posterior operation, and com-
bined approach with instrumentation [3-5]. Anterior
operations such as cervical discectomy decompression,
corpectomy, and autograft or titanium cage and fusion [4,
6], as well as posterior operations such as laminectomy,
fusion, and laminoplasty [5, 7, 8], have been advocated to
achieve adequate spinal cord decompression, maintain or
restore sagittal alignment, and avoid kyphosis [3].
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Generally, the anterior approach is favored when soft disc
herniations of one to two levels are involved with con-
comitant severe axial neck pain and kyphosis, whereas the
posterior approach is utilized for multilevel compression
when congenital stenosis or ossification of the posterior
longitudinal ligament (OPLL) is involved [9, 10]. When
the compression location of the spinal cord involves three
or more levels, the patient is recommended to undergo
combined anterior and posterior surgery [11, 12] to further
decompress the neural elements.

In this article, we examined the long-term follow-up of
anterior operations namely, cervical discectomy decom-
pression, corpectomy, and autograft or titanium cage and
fusion (ACDF and ACCEF), in the treatment of CSM.

Materials and methods
Patient selection

Between July 2000 and June 2007, a series of 89 consec-
utive patients (58 males and 31 females) who underwent
anterior decompression and segmental fixation because of
one-level or adjacent two-level or three-level cervical
spondylosis, having complete follow-up data were
involved in this study, accounting for 21.3 % of all cases
(89/417) for 8 years. The number of levels operated on is
shown in Table 1. The average age at operation was
51.3 £ 6.5 years (range 31-71). All patients had signs and
symptoms of neural compression at the homologous seg-
ment, which was refractory to conservative treatment. The
common compressive pathology of CSM was soft disc
herniation, osteophyte formation, and dynamic instability,
and there were no severe intervertebral space stenosis and
anterior osteophytes at the right level. All patients under-
went X-ray, CT scan, and MRI pre-surgery.

Surgical technique

The choice between the anterior operation anterior cervical
discectomy and fusion (ACDF) and anterior cervical
corpectomy and fusion (ACCF) depended on the cord
compression radiological characteristic. The one- and two-
level segments with soft disc herniation were decom-
pressed by ACDF, and the segments with ossification of the

Table 1 Number of levels operated on

No. of levels No. of patients (%)

1 25 (28.1)
56 (63.0)
8 (8.9)

posterior longitudinal ligament (OPLL), osteophytes, and
huge prolapsed intervertebral disc were decompressed by
ACCF. The segments with severe intervertebral space
stenosis and anterior osteophytes were also decompressed
by ACCF (Table 2).

All patients under general anesthesia underwent a
standard anterior approach operation regardless of whether
one or more levels were to be decompressed. The standard
surgical procedure includes discectomy and/or corpectomy,
removal of osteophytes and the degenerated disk, opening
of OPLL, harvest from the iliac crest of an adequate size
graft or with a synmesh cage (Synthes AG, Bettlach,
Switzerland) and its placement in the anterior trench, and
the positioning of an anterior locking compression plate
(LCP®) (Synthes AG, Bettlach, Switzerland). Postopera-
tion, all patients wore a Philadelphia collar for at least
12 weeks. Blood loss and operation time were noted.

Data collection and follow-up

Clinical data, surgical records, and postoperative status of
each patient were collected. The parameters collected
include age, sex, segment of the cervical spine, treatment,
and post-surgery symptoms as determined by interviews
with patients. Post-surgery X-ray, CT scan, or MRI result
was also examined. The last follow-up date was recorded
as the last documented clinical follow-up or phone inter-
view for patients. The follow-up time after surgery was
79.6 £ 20.5 months (range 60-108 months). A total of 89
patients returned for the final follow-up.

Outcomes assessment

The global curvature of the cervical spine (C2—-C7) was
measured and analyzed after surgery. The C2-C7 angle
was formed by the lines tangential to the inferior aspects of
C2 and C7. The cervical intervertebral height was also
measured pre- and post-surgery. The radiographic fusion
status and the result of the adjacent segment degeneration
were observed post-surgery. Neurological functions were

Table 2 The choice of the anterior operation

No. of Anterior operation No. of
levels patients (%)
Discectomy and fusion (ACDF) 25 (28.1)
2 Discectomy and fusion (ACDF) 22 (24.7)
Discectomy and corpectomy and fusion 34 (38.2)
(ACCF)
3 Discectomy and one-level corpectomy 5(5.6)
and fusion (ACCF)
Discectomy and two-level corpectomy 334

and fusion (ACCF)
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evaluated according to the Japanese Orthopedic Associa-
tion (JOA) scores and the Short Form 36-item (SF36)
questionnaire scores. The recovery rate of the JOA score
was calculated according to the following formula:

e recovery rate = (postoperative score — preoperative

score)/(17 — preoperative score) x 100 %.

Statistical analyses

The values were presented as arithmetic mean =+ standard
deviation. Paired ¢ test and the Mann—Whitney U test were
used for statistical analyses of C2-C7 angle, cervical
intervertebral height, JOA score, and SF-36 score, which
were considered statistically significant when probability
values were less than 0.05 using the SPSS software (SPSS
13.0, SPSS Inc., Chicago, IL, USA).

Results
Patient characteristics

The conditions of all patients improved in this long-term
follow-up study, and the symptoms disappeared or were
relieved in 46 cases, disappeared overall in 31 cases, and
improved without surgery-related complications in 12
cases. Postoperative physical examinations showed that all
patients with preoperative muscle weakness were per-
formed anterior surgery and gained good recovery of
muscle strength with proper exercise. Postoperative limb
sensory disturbances in 74 patients disappeared, and 15
patients still had some numbness. Various kinds of patho-
logical signs gradually disappeared.

Radiographic outcomes
Significant differences were observed in the C2—C7 angle
and the cervical intervertebral height between preoperative

and postoperative patients after 1 year and in the final fol-
low-up (P < 0.05). The C2—C7 angle and the intervertebral

Table 3 C2-C7 angle and cervical intervertebral height

height of patients could be restored by ACDF and ACCF.
In these patients, there were no significant differences
between 1-year-postoperative and the final follow-up
(P > 0.05) (Table 3). Re-examination of 1-year postoper-
ative showed that all 89 patients reached a complete fusion
in the CT scans, and the fusion rate was 100 %. Imaging
examinations showed that adjacent segment degeneration
occurred in 12 cases, which did not generate new clinical
symptoms. These cases were under asymptomatic adjacent
segment degeneration, and the degeneration rate was
13.48 % (12/89). No pseudarthrosis and no internal fixation
loosening, detachment, and fracture occurred under post-
operative X-ray examination (Figs. 1, 2).

JOA scores

In the ACDF group, the average JOA score was 8.2 points
preoperative, 14.3 points at the 1-year follow-up, 14.2
points at the 5-year follow-up, and 14.0 points at the final
follow-up. In the ACCF group, the average JOA score was
8.1 points preoperative, 14.5 points at the 1-year follow-up,
14.2 points at the 5-year follow-up, and 14.1 points at the
final follow-up. No statistically significant difference
between ACDF and ACCF groups was found at any of the
follow-up visits (Table 4).

SF-36 questionnaire

Table 5 shows the preoperative and postoperative SF-36
scores. The scores of the four dimensions namely, physical
functioning, physical role, bodily pain, and general health
were significantly different between preoperative and
postoperative (P < 0.05). The scores of the remaining four
dimensions, namely, vitality, social functioning, emotional
role, and mental health 1-year- and 5-year-postoperative
were higher than those of preoperative. However, the dif-
ferences in vitality and social functioning were statistically
significant (P < 0.05), whereas the differences in emo-
tional role and mental health were not statistically signifi-
cant (P > 0.05).

C2-C7 angle (°)

Paired ¢ test

Intervertebral height (mm) Paired ¢ test

ACDF ACCF ACDF ACCF
No. of patients 47 42 - 47 42 -
Preoperative 5.12 + 6.28 523 +£6.32 NS 421 + 0.89 4.19 £ 0.74 NS
1-year postoperative 10.82 £+ 4.95 10.78 £+ 4.83 NS 6.74 + 0.62 6.65 + 0.69 NS
5-year postoperative 11.22 £ 5.83 11.35 £ 591 NS 6.46 + 0.70 6.53 + .0.82 NS
Final 11.17 £ 5.48 11.16 + 5.25 NS 6.32 + 0.73 6.34 + 0.77 NS

NS not significant
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Fig. 1 a Postoperative MRI
showing C5 and C6 disc
herniation through discectomy
and fusion (ACDF), no
pseudarthrosis and no internal
fixation loosening, detachment,
and fracture occurred in one-
year postoperative X-ray

(b) and five-year postoperative
X-ray (c)

Fig. 2 a Postoperative MRI
showing C4 to C6 disc
herniation. After discectomy
and C5 corpectomy and fusion
(ACCEF), no pseudarthrosis and
no internal fixation loosening,
detachment, and fracture
occurred in one-year
postoperative X-ray (b) and
five-year postoperative

X-ray (c)

Discussion

The anterior surgical options can be used for single-level
and multi-level CSM, accounting ahead for soft disc her-
niations, concomitant severe axial neck pain, kyphosis, and
one to three levels of involvement [9]. Anterior decom-
pression and fusion, including discectomy, corpectomy,
and fusion (i.e., ACDF and ACCF) [13-15], are recognized
as a reliable and effective method in treating CSM [16]. In
this study, different operations were chosen according to
different compressions, indicating that direct anterior
decompression operations are thorough and effective. The
follow-up period was 60—-108 months, with an average of
79.6 months. The 5-year average symptom improvement

@ Springer

rate, effectiveness rate, and fineness rate were 78.36 %,
100 % (89/89), and 86.52 % (77/89), respectively.

The advantages of anterior decompression are the direct
decompression and resection of the object causing pressure
on the spinal cord in front, including soft disc herniations
backwards, osteophytic proliferation, and ossification of
the posterior longitudinal ligament. The procedure is
obviously effective for CSM. Anterior fixation improves
the cervical spine stability, greatly increases the fusion rate,
and maintains the intervertebral height and cervical phys-
iological curvature, reducing the complications of postop-
erative graft collapse and loss of physiological curvature
[12, 17]. For one or two levels of CSM, the anterior
approach is preferred because of its minimally invasive and
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Table 4 Preoperative and postoperative JOA scores in ACDF and
ACCF

JOA score (points) The Mann—
Whitney
ACDF ACCF U test
No. of patients 47 42 -
Preoperative 82+ 19 8.1+2.0 NS
1-year postoperative 143 £ 2.1 145 £ 22 NS
5-year postoperative 142 £ 2.0 142 £ 2.1 NS
Final 14.0 £ 2.3 141 +19 NS

NS not significant

direct oppression removal, which has been approved by
most scholars [18, 19]. A widespread controversy exists in
terms of surgical options for the three levels of CSM.
According to some related studies, in cases of more than
two levels, the posterior approach seems to be more suit-
able because of the subsequent swallowing difficulty and
construct failure [12, 20, 21]. Other studies show that the
anterior approach can improve the rate of osseous fusion,
especially in cases of a three-disc-level fusion [9, 22]. In
general, an adequate anterior decompression of the
oppression in front of the spinal cord can improve the
clinical outcome. When the anterior decompression is
invalid, or if the cervical spondylosis with spinal stenosis
or decompression range exceeds three levels, the posterior
decompression or anterior and posterior combined
approach is usually chosen [23]. In the current study, the
anterior approach was applied in eight patients with three
segments that underwent one- or two-level corpectomy and
three-level cervical discectomy and fusion, with the post-
operative follow-up effect being satisfactory.

Anterior decompression has obvious advantages for
cervical discectomy, but a controversy exists on whether
the OPLL should be removed or not [24, 25]. In this study,
OPLL was resected in the anterior approach to the front of
the spinal dura mater with thorough decompression. Post-
operative MRI confirmed that the effect of the anterior
decompression and removal of OPLL was obvious and that
the pathogenetic condition of all patients improved at

varying degrees. The fineness rate of JOA scores was
86.52 %, and none of the patients turned up to have a new
clinical symptom during the long-term follow-up. During
operation, we found that the posterior longitudinal ligament
of the cervical spine thickened and became ossified
because of the longer CSM disease duration. The posterior
longitudinal ligament was resected to enable radical
decompression. Specifically, CT scan or MRI of the seg-
mental lesions showed a Pavlov ratio of <0.8 [26]. The
postoperative cervical curvature and intervertebral height
were recovered to a certain extent without bone grafting
complications. During the postoperative follow-up process,
the loss of cervical curvature and intervertebral height was
not found, and the cervical curvature and intervertebral
height could be long-term maintained, which ensure effi-
cacy in the long-term follow-up.

All the 89 patients with CSM in our retrospective study
had anterior oppression, which was treated with anterior
decompression. For the patients with cervical herniated disc
in one segment or two segments, we opted to remove the
herniated disc tissue and to introduce an auto-iliac bone graft
and titanium mesh with internal fixation or cage fusion in one
segment to prevent intervertebral instability. Cervical corp-
ectomy has some advantages, such as sufficient exposure and
thorough decompression, when applied to patients with
adjacent segment disc herniation with osteophytes on the
posterior vertebral margin or spinal cord compression under
thickening OPLL. For the patients with a cervical herniated
disc in two segments or three segments with osteophytes on
the posterior vertebral margin or spinal cord compression
under thickening OPLL, removal of the intervertebral disc
only could not decompress sufficiently. Thus, we opted for
the one- or two-level corpectomy decompression and
removal of the osteophytes on the posterior vertebral margin
and thickening OPLL, along with the auto-iliac bone graft or
titanium mesh with internal fixation. Moreover, the careful
intraoperative hemostasis and postoperative drainage per-
formed prevented postoperative hematoma, which has an
important function in the prognosis.

Our follow-up study of more than 5 years shows that
the anterior surgery is effective, which is associated with

Table 5 SF-36 scores

. . Number of patients
preoperative and postoperative

Preoperative

1 year postoperative 5 years postoperative

Physical functioning (PF)
Role physical (RP)
Bodily pain (BP)
General health (GH)
Vitality (VT)

Social functioning (SF)
Role emotional (RE)
Mental health (MH)

* P <0.05 and ** P < 0.05,
compared with the preoperative
data using paired ¢ test

* P>0.05and ™ P > 0.05,
compared with the preoperative

61.26 + 17.15 86.23 + 20.57* 84.50 + 18.83%*
30.53 + 22.31 70.73 + 31.46* 72.34 + 29.11%*
57.14 + 21.24 81.19 + 18.54* 78.53 + 20.04%*
32.58 + 18.36 75.08 &+ 16.29*% 73.87 £ 18.60%**
57.92 + 16.11 68.13 + 14.56* 64.52 + 15.28%
48.54 + 11.30 75.23 + 13.82* 71.09 + 14.17%*
56.34 4 20.87 64.86 + 19.02* 66.91 + 17.86™
68.31 £ 20.12 73.92 + 18.83" 72.25 + 19.40"

data using paired ¢ test
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selecting the right anterior cervical decompression. For a
simple cervical disc herniation or protrusion, ACDF with
internal fixation and interbody fusion with cages can be
performed. If the intervertebral instability is present, tita-
nium plate fixation should be added. In patients with ver-
tebral osteophyte formation or with OPLL, anterior one- or
two-level corpectomy decompression plus auto-iliac bone
graft or titanium mesh with internal fixation (ACCF) can be
performed. If a clamp-like oppression from the anterior and
posterior exists, the anterior approach and posterior
approach should be performed successively or simulta-
neously. Moreover, the choice of internal fixation has an
essential function in postoperative cervical stability, such
as corpectomy and autograft with internal fixation and
titanium mesh with internal fixation. Plate fixation can
prevent graft displacement, increase the stability of the
cervical spine postoperatively, and enhance bone fusion. In
our study, the fusion rate reached 100 % with good sta-
bility. During the long-term follow-up, no pseudarthrosis
and no internal fixation loosening, detachment, and fracture
occurred postoperatively. C2—C7 angle and cervical inter-
vertebral height were also recovered in varying degrees.
Satisfying postoperative JOA and SF-36 scores were also
reached.

Anterior interbody fusion can easily cause adjacent
segment degeneration [27], which should be paid attention
to. In a study by Ishihara et al. [28], adjacent segment
degeneration was considered a natural degeneration pro-
cess in more than 2 years of follow-up of 11 patients who
underwent the anterior approach. In another study by
Schwab et al. [29], cervical fusion reduced the number of
vertebrae with active function. To maintain the scope of
activities of the cervical spine, the body increases the
activity of the adjacent fused vertebral segments to com-
pensate, causing adjacent segment degeneration. In the
clinical study of Xu et al. [30], both natural degeneration
and biomechanical changes after fusion caused adjacent
segment degeneration of 107 patients who underwent
anterior approach through long-term follow-up; the latter
change was the main reason for the segment degeneration.
Similar results were observed in a study by Matsumoto
et al. [31], in which fusion was the main reason for the
adjacent segment degeneration. In our study, 12 patients
appeared to have asymptomatic adjacent segment degen-
eration through long-term follow-up. The correlation
between degeneration and interbody fusion required further
observation.

At present, anterior decompression with internal fixation
is still the most widely used surgical approach, and
choosing the correct and effective decompression is the
fundamental guarantee to achieve the intended purpose.
According to the long-term follow-up results, the choice of
the surgical approach in our study is reasonable. Further

@ Springer

theoretical basis for the choice of the surgical approach is
provided.

Conclusions

For CSM with compression coming from the front side,
proper anterior decompression based on the specific con-
ditions can directly eliminate the compression. It has an
obvious effect of decompression through long-term follow-

up.
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