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Differences between subtotal corpectomy and laminoplasty
for cervical spondylotic myelopathy
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Objective: This study aimed to obtain guidelines for choosing between subtotal corpectomy (SC) and
laminoplasty (LP) by analysing the surgical outcomes, radiological changes and problems associated
with each surgical modality.
Study Design: A retrospective analysis of two interventional case series.
Setting: Department of Orthopaedic Surgery, Kagawa University, Japan.
Methods: Subjects comprised 34 patients who underwent SC and 49 patients who underwent LP. SC
was performed by high-speed drilling to remove vertebral bodies. Autologous strut bone grafting was
used. LP was performed as an expansive open-door LP. The level of decompression was from C3 to C7.
Clinical evaluations included recovery rate (RR), frequency of C5 root palsy after surgery, re-operation
and axial pain. Radiographic assessments included sagittal cervical alignment and bone union.
Results: Comparisons between the two groups showed no significant differences in age at surgery,
preoperative factors, RR and frequency of C5 palsy. Progression of kyphotic changes, operation time
and volumes of blood loss and blood transfusion were significantly greater in the SC (two- or three-
level) group. Six patients in the SC group required additional surgery because of pseudoarthrosis, and
four patients underwent re-operation because of adjacent level disc degeneration. In the LP group, the
problem of elimination of postoperative axial symptoms remains to be solved.
Conclusions: The merit of SC is the low frequency of axial symptoms. One-level SC can be considered
to have similar degree of invasiveness as LP. Compared with SC, LP is more suitable for elderly patients
with multilevel stenosis.
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Introduction

Surgical treatments for cervical spondylotic myelopathy (CSM)

can be broadly divided into anterior and posterior methods.

The current mainstream method is subtotal corpectomy (SC),

which uses a high-speed air drill to excise the vertebral body

for complete decompression of the spinal cord followed by

strut bone grafting.1 In laminoplasty (LP), the spinal canal is

expanded over a wide region while preserving the posterior

elements, and posterior translocation of the spinal cord is

possible to achieve decompression.2

Long-term outcomes of both methods have been reported

separately.3,4 However, very few studies have compared

the anterior and posterior methods and discussed their

advantages and disadvantages.5,6

At our institution, the first choice of surgical treatment for

CSM was, in principle, SC, to expand the spinal canal from

an anterior approach7 between 1984 and 1989, but this has

been changed to expansive open-door LP from a posterior

approach since 1989.2 The objective of this study was to

analyse the surgical results, radiological changes, and

pre- and postoperative issues associated with SC and LP,

to clarify guidelines for selecting the surgical modality.

Materials and methods

Patients

The subjects comprised 83 patients (48 men, 35 women) who

underwent surgery for CSM between 1984 and 1999 and

were followed for X3 years. A total of 34 patients underwent

SC and 49 patients underwent LP. The ages at surgery ranged

from 42 to 73 years in the SC group and 39–79 years in the LP

group. Mean follow-up duration was 11 years 11 months

(range, 3–21 years 2 months) in the SC group and 8 years

3 months (range, 3–15 years 2 months) in the LP group.
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Surgical indications and procedures

The severity of myelopathy was evaluated using the Japanese

Orthopaedics Association (JOA) score. The JOA score

quantifies neurological impairment by evaluating upper

extremity function (4 points), lower extremity function

(4 points), sensory (6 points) and urinary bladder function

(3 points) (Table 1). The maximum score is 17. The

evaluation revealed a motor function score of p2 in the

upper or lower extremities and total score p12–13.

Spinal cord compression was proven by imaging studies,

such as myelography, computed tomography myelography

(CTM) and magnetic resonance imaging. In SC conducted in

the 1980s, only CTM examination was available. Therefore,

in comparing presurgical imaging findings of the two

groups, CTM finding were mainly used. The vertical and

horizontal diameters of the compressed spinal cord

were measured on CTM, and the anterior–posterior compres-

sion ratio was calculated. A ratio p40% was defined as

compression.

Subtotal corpectomy removed 3 vertebral bodies in 12

patients (C3–7 in all cases), 2 vertebral bodies in 16 patients

(C3–6 in 5 cases, C4–7 in 11 cases) and 1 vertebral body in 6

patients (C3–5 in 2 cases, C4–6 in 2 cases, C5–7 in 2 cases).

In all patients, the laminae was expanded from C3 to C7 in

the LP group. When the level of compression in the LP group

was classified using the same criteria as the SC group,

compression involved 4 intervertebral segments (C3/4–6/7)

in 16 patients, 3 intervertebral segments in 22 patients (C3/

4–5/6 in 10 cases, C4/5–6/7 in 12 cases) and 2 intervertebral

segments in 11 patients (C3/4–4/5 in 5 cases, C4/5–5/6 in 4

cases, C5/6–6/7 in 2 cases), with no marked difference in

level of compression between the two groups.

For SC by an anterior approach, a high-speed drill was used

to remove the vertebral bodies. After decompression, auto-

logous strut bone grafting was carried out. After surgery, a

halo vest was worn as external fixation for 12–16 weeks by all

patients.7

Laminoplasty was performed as an expansive open-door

LP according to the methods described by Hirabayashi et al.2

A neck collar was worn as external fixation for 6–8 weeks

after surgery.

Items of clinical evaluation

For clinical evaluation, recovery rate (RR) was calculated

from the JOA scores before and after surgery using the

formula proposed by Hirabayashi,8 and was assessed at 1, 5

and 12 years after surgery. RR (%)¼ (postoperative JOA

score�preoperative JOA score/normal (17)�preoperative

JOA score)�100. Duration of disease (time from the onset

of myelopathy to time of surgery), association of onset with

a history of minor trauma (yes versus no), frequency of C5

root palsy after surgery, (operation time (OP) and volumes of

blood loss (BL), and blood transfusion (BT) were compared

between the LP group and one-, two- and three-level SC

groups), re-operation in the cervical region and surgical

details, pre- and postoperative axial pain (AP) and shoulder

stiffness (yes versus no), and severity were also assessed. AP

was assessed on a scale of grades 0–3, referring to the criteria

of Yoshida et al.9 (Table 2).

Items of imaging evaluation

Sagittal cervical alignment (SCA) was evaluated on lateral plain

radiography taken in neutral position while standing or

Table 1 Criteria of evaluation of the surgical results of patients with cervical myelopathy by the Japanese Orthopaedic Association

Upper extremity function Lower extremity function Sensory disturbance Bladder function

Impossible to eat with chopsticks or
spoon

Impossible to walk Upper extremity
Apparent sensory loss
Minimal sensory loss
Normal

Complete retention

Possible to eat with spoon, but
not with chopsticks

Need cane or aid on flat ground Severe disturbance
Inadequate evacuation
of the bladder
Straining
Dribbling of urine

Possible to eat with chopsticks,
but inadequately

Need cane or aid on stairs Lower extremity
Apparent sensory loss
Minimal sensory loss
Normal

Mild disturbance
Urinary frequency
Urinary hesitancy

Possible to eat with chopsticks,
but awkwardly

Possible to walk without cane or aid,
but slowly

Normal Normal Trunk
Apparent sensory loss
Minimal sensory loss
Normal

Normal

Table 2 The criteria of evaluation of pre- and postoperative axial pain
and shoulder stiffness

Grade 0 No shoulder stiffness or neck pain
Grade 1 Occasional mild shoulder stiffness or neck pain, not

requiring treatment and not impairing activities
of daily living

Grade 2 Frequent moderate shoulder stiffness or neck pain,
requiring oral or topical medication

Grade 3 Constant severe shoulder stiffness or neck pain, requiring
continued treatment
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sitting, and the vertebral body angle y between the inferior

border of the C2 vertebral body and the superior border of the

C7 vertebral body was measured using the method described

by Cobb.10 A y angle of 101 or greater was assessed as lordotic

(type L), �51 or greater but less than 101 as straight (type S),

and less than 51 as kyphotic (type K). In addition, a y angle

greater than 251 or reverse swan neck morphology was

assessed as hyperlordotic (type HL) (Figure 1).

The preoperative cervical range of motion was determined

by measuring the angles of intersection of the lines passing

through the posterior side of the C2 and C7 vertebrae, during

flexion and extension, and then adding the two angles.

Bone union was assessed as complete when the gap

between the grafted bone and vertebral body became

blurred, continuity of trabecular bone was observed, or the

anterior curvature angle of the fused vertebrae remained

unchanged. Pseudoarthrosis was diagnosed when the above

findings were not achieved at X6 months after surgery.

The above parameters were compared between SC and

LP groups. For statistical analysis, the w2-test and Mann–

Whitney’s U-test, as well as one-way analysis of variance and

Scheffe’s F-test were used. Values of Po0.05 were considered

significant.

Results

Comparison of presurgical characteristics

Mean age at surgery was 60.4±8.4 years in the SC group and

64.8±11.7 years in the LP group, with no significant

difference between the two groups. Mean duration of disease

was 12.1±10.3 months in the SC group and 17.6±38.1

months in the LP group, and with no significant difference.

A history of minor trauma probably associated with disease

onset was found in 3 patients (8.8%) in the SC group and

11 patients (22.4%) in the LP group, with no significant

difference (Table 3).

Mean preoperative JOA score was 8.6±2.9 in the SC

group and 7.9±2.4 in the LP group. Mean scores for upper

extremity function, lower extremity function, sensation and

urinary bladder function were 2.3±0.8, 1.8±1.0, 2.4±1.7

and 2.1±0.8, respectively, in the SC group, and 2.1±0.9,

1.5±0.8, 2.3±1.3 and 2.1±0.7, respectively, in the

LP group. No significant differences between groups were

seen in total score or scores for individual items (Table 3).

Mean presurgical range of motion of the cervical spine was

44.3±12.01 in the SC group and 42.0±13.81 in the LP group,

Figure 1 Method of measurement of sagittal plane cervical spine alignment. The vertebral body angles (y) for C2–7 were measured using
Cobb’s method. yo51 was assessed as kyphotic,X�51 buto101 as straight, andX101 as lordotic (type K). In particular, y4251 or exhibiting
reverse swan neck alignment was assessed as hyperlordotic (type HL).

Table 3 Comparison of presurgical characteristics between subjects
who underwent subtotal corpectomy (SC group) and subjects who
underwent expansive open-door laminoplasty (LP group)

ASC group LP group

Average age at the time of operation (years) 60.4 64.8 NS
Disease duration (months) 12.1 17.6 NS
History of minor trauma (%) 8.8 22.4 NS

Preoperative JOA score (points) 8.6 NS
Upper extremity function 2.3 2.1 NS
Lower extremity function 1.8 1.5 NS
Sensation 2.4 2.3 NS
Urinary bladder function 2.1 2.1 NS

Preopreative ROM of cervical spine 44.31 42.01 NS

Preopreative axial pain (cases) 20/34 41/49
Grade 0 15 19 NS
Grade 1 4 16 NS
Grade 2 1 6 NS

Abbreviations: JOA, Japanese Orthopaedics Association; NS, nonsignificant;

ROM, range of motion.
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with no significant difference between the two groups

(Table 3).

Among patients who could be surveyed for AP, preopera-

tive assessment in the SC group (20 patients) was grade 0 in

15 patients, grade 1 in 4 patients and grade 2 in 1 patient,

whereas that in the LP group (41 patients) was grade 0 in 19

patients, grade 1 in 16 patients and grade 2 in 7 patients,

with no significant differences between groups (Table 3).

Comparison of operative parameters and postoperative outcomes

Mean postoperative RR were 55.5±25.3% in the SC group

and 61.4±21.2% in the LP group at 1 year after surgery,

with almost the same RR in both groups. At subsequent

5- and 12-year follow-ups, the mean RR were 49.3±29.3 and

41.0±26.6%, respectively, in the SC group, and 52.4±28.1

and 50.9±25.9% in the LP group, with no significant

differences between groups (Figure 2). Postoperative C5

palsy occurred in 3 patients in the SC group and 5 patients

in the LP group, with no significant difference in prevalence

between groups.

Mean OP was (one-level, 265±51min; two-level,

334±73min; three-level, 371±89min) in the SC group

and 175±60min in the LP group. Mean volume of BL was

(one-level, 662±553ml; two-level, 1292±942ml; three-

level, 1818±1607ml) in the SC group and 404±426ml in

the LP group. Mean volume of BT was (one-level, 487±

386ml; two-level, 917±994ml; three-level, 1330±1063ml)

in the SC group and 134±318ml in the LP group. OP was

significantly longer in the SC group, and volumes of BL and

BT were also significantly greater in the SC group compared

with the LP group (Po0.05). When the LP group was

compared with the one-level SC group, no significant

differences in volumes of BL and BT were seen between the

two groups (Figure 3).

Changes in SCA over time were as follows. In the SC group,

there were 8 cases of type HL, 19 cases of type L and 7 cases of

type S before surgery. In the LP group, there were 14 cases

(including 3 cases of reverse swan neck type) of type HL, 26

cases of type L and 9 cases of type S before surgery. No

significant differences in the distribution of various types of

alignment before surgery were apparent between groups

(Figure 4).

Regarding changes in SCA over time after surgery, in the

SC group, the distribution of alignment types at the last

follow-up shifted to one case of type HL, nine cases of type L,

fifteen cases of type S and nine cases of type K.

In the LP group, distribution of alignment type at the last

follow-up shifted to 14 cases (including 5 cases of reverse

swan neck type) of type HL, 22 cases of type L, 10 cases of

type S and only 3 cases of type K. Comparing postoperative

alignment types between groups, the SC group showed

significantly (Po0.05) higher proportions of type S and type

K at all times of follow-up from 1 year after surgery (Figure 4).

In the SC group, postoperative pseudoarthrosis occurred in

6 of 34 patients. In all the six patients, additional surgery

involving posterior interspinous wiring was performed 6–12

months after surgery, and union was eventually completed

in all patients. However, in all the six cases, the fused

vertebrae were fixed in a kyphotic position. In the SC group,

myelopathy due to adjacent level disc damage occurred in 6

of 34 patients. In all the six patients, spinal cord compression

occurred at the upper adjacent level. Of the 34 patients, 4

(2 cases of one-level and 2 cases of two-level) were indicated

for LP through a posterior approach (Figure 5).

Postoperative assessment of AP was grade 0 in 10 patients,

grade 1 in 4 patients, grade 2 in 6 patients, and grade 3 in 0

case in the SC group, compared with grade 0 in 9 patients,

grade 1 in 10 patients, grade 2 in 11 patients and grade 3 in

11 patients in the LP group. Significantly more intense AP

and significantly increased prevalence of AP (Po0.05) were

observed in the LP group.

Discussion

As shown in this study, compared with LP, SC achieved

similar RR from early after surgery to long-term follow-up.

However, two- or three-level SC is more invasive, as

indicated by the longer OP and greater volumes of BL and

BT. In addition, SCA also showed that many patients shifted

to straight or kyphotic type after surgery.

A search of literature found two reports: one by Wada

et al.6 in 2001 and the other by Edwards et al.5 in 2002. In

these past studies, there was also no difference in post-

operative RR between the two methods, but postoperative

complications were more frequent in patients who underwent

multilevel corpectomy due to the higher level of invasiveness.

Edwards et al.5 found no harvest-site pain of autograft and no

difference in AP between corpectomy and LP.

In our series, pseudoarthrosis occurred in six patients, and

posterior interspinous wiring was performed in all the six

cases. Pseudoarthrosis has been reported as a cause of

indefinite complaints after surgery and is a factor in poor

outcome.11 After harvesting of bone grafts, pain at the site of

harvest or fracture of the iliac bone may occur.12 The greater

the extent of fusion, the greater the effect on adjacent

intervertebral disc, resulting in abnormal mobility, narrow-

Figure 2 Changes in postoperative recovery rate (RR) over time.
The two groups displayed similar RRs at 1, 5 and 12 years after
surgery, with no significant differences between groups. LP,
laminoplasty; NS, nonsignificant; SC, subtotal corpectomy. Values
are mean±s.d.
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ing of intervertebral space and bone spur formation, all of

which have been described in many reports.11,13

Although supplementation with anterior instrumentation

is currently being performed to maintain lordotic SCA and

improve bone union rate,14 loosening and dislocation of

screws and plates and lowered screw fixation in patients with

osteoporosis have been reported.15 The surgical indications

for CSM patients should be considered with caution,

particularly in elderly patients.

Regarding indications for LP, patients exhibiting lordotic

SCA reportedly achieve good decompression with this

procedure.16 Elderly patients with increased cervical lordosis

and marked compression of the posterior elements due to

thickening of the yellow ligaments can thus be considered

good candidates for LP (Figure 6).17

Problems of LP include progression of cervical kyphosis and

occurrence of delayed myelopathy.18 Intervertebral instability

is involved in some cases of worsening of alignment, which

can be prevented by combined use of spinal fusion.10 AP

including shoulder stiffness and neck pain is another problem,

shortening the period of external fixation and range of motion

training can reportedly reduce AP.19 In this study, none of the

Figure 3 Comparison of operation time (OP), amount of blood loss (BL) and volume of blood transfusion (BT) for subtotal corpectomy (SC)
and laminoplasty (LP). OP was significantly longer in the SC group. No significant differences were identified in volumes of BL or BT between
the one-level SC and LP groups. Asterisk Po0.05. Values are mean±s.d.

Figure 4 Changes in cervical sagittal alignment over time in the subtotal corpectomy (SC) and laminoplasty (LP) groups. Preoperative
alignment did not differ significantly between SC and LP groups. Alignment at last follow-up included significantly higher proportions of
straight type and kyphotic type in the SC group.
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patients who underwent SC had postoperative AP of grade 3

or above. Therefore, SC may be an option in non-elderly

patients with preoperative mild lordosis and marked axial

discomfort before surgery, if one-level corpectomy can address

the condition.

The recent trend is to use a minimally invasive procedure,

and to perform LP not necessarily for all five laminae (C3–7),

but for four laminae (C3–6) depending on the condition of

the patient.20 Considering the ongoing development of even

less invasive posterior procedures and the simple post-

operative care after laminoplasty, LP should be chosen

actively in preference to SC for elderly patients who

maintain cervical lordosis and show spinal compression at

multiple levels.

Conclusion

The two groups did not differ significantly in various

preoperative factors. Surgical outcome assessed by RR also

did not differ between groups. The merit of SC is the low

frequency of AP. Excluding OP, one-level SC can be

considered to have a similar degree of invasiveness as LP.

LP is indicated for elderly patients with multilevel stenosis

and increased cervical lordosis.
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