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Spinal deformity following surgery for spinal cord tumors and tumorous 
lesions: analysis based on an assessment of the spinal functional curve 
Akira Inoue, Takaaki Ikata and Shinsuke Katoh 

Department of Orthopedic Surgery, School of Medicine, The University of Tokushima, Tokushima, Japan 

The mechanism of spinal deformity after surgical removal of a cervical spinal cord tumor or 
tumorous lesions was studied in 36 patients, based on the spinal functional curve prepared 
from the intersectional angle. The postoperative spinal deformity depends on the surgical level 
and the type of operation. In the laminectomy group, kyphosis of the upper cervical spine and 
compensatory increased lordosis of the lower cervical spine were observed in the C2 
laminectomy patients. Localized kyphosis of the spine at the cervicothoracic junction and 
compensatory increased lordosis of the upper cervical vertebrae were noted in the C7 
laminectomy patients. In the laminoplasty group, spinal deformities were less frequently 
observed, and when present the deformity was limited to a slight increase of lordosis, even in 
patients who had the facetectomy. These facts demonstrate the preventive effect of the 
laminoplasty regarding postoperative spinal deformity. Laminoplasty with reconstruction of 
the erector spinal muscles and the nuchal ligament is recommended for patients with a spinal 
cord tumor or a tumorous lesion. The spinal functional curve was significant in studying the 
biomechanics of the vertebral column with the advantage that both alignment and mobility of 
the spine are simultaneously, respectively and precisely visualized. 

Keywords: spinal cord tumor; spinal neoplasms; spinal cysts; syringomyelia; cervical spine; 
deformity of spine following surgery 

Introduction 

Extensive laminectomy to approach spinal cord tumors 
or tumorous lesions (spinal-cord lesions hereinafter) is 
one of the most commonly performed surgical spinal 
procedures. However, there have been numerous 
reports on the potential disadvantages of this 
procedure such as the development of a progressive 
swan-neck deformity and of spinal instability. The 
causes of these unfavorable outcomes include osseoli
gamentous deficiencies and concomitant muscle weak
ness, although the actual pathophysiological 
mechanism is still being discussed. We introduced the 
spinal regional components classification method,1 and 
applied the surgical techniques to minimize these 
undesirable outcomes. 

The present study involved only patients with 
cervical or cervicothoracic spinal-cord lesions oper
ated on by posterior approach alone. The outcome of 
surgery and the postoperative deformity of the 
vertebral column were investigated using the method 
of the spinal functional curve based on the intersec
tional angle.2,3 
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Methods 

Thirty-six patients with spinal cord lesions who 
underwent surgery by a posterior approach alone on 
the cervical or cervicothoracic region in our clinic after 
1974, were selected to enable us to evaluate the 
outcome of surgery (Table 1). There had not been 
any previous cervical spine surgery on these patients. 
At the time of operation, the patients ages ranged from 
17 to 73.2 years (average: 42.5 years), and the follow 
up period was 0.5 to 14.2 years (average: 4.0 years). 
Regarding the histology of the lesions, seven patients 
had neuroepithelial tumors, 18 had nerve sheath 
tumors, two had meningeal tumors and nine had 
malformations or tumor-like lesions. Regarding the 
surgical techniques employed, laminectomy was per
formed in 18 patients, laminoplasty in 10 (bilateral
open; 5, hemilateral-open; 3, osteoplastic-laminotomy; 
2), hemi-partial laminectomy in 7 (partial laminectomy 
hereinafter) and one other. The neurological status was 
evaluated using the scoring system for cervical 
myelopathy established by the Japanese Orthopaedic 
Association (JOA score, Table 2). 

The intersectional angles at each level of the cervical 
spine were measured by an independent observer using 
a digitizer on the lateral radiographs of patients in the 
neutral position in maximal flexion, and in maximal 
extension taken before surgery and during follow up. 
For the postoperative evaluation, the most recent 



Table 1 Details of the patients 

Duration 
of 

Age at Postop. 
operation Primary Follow-up 
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SS.2 
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49 

18.2 
44 

43.4 

68.7 
47.9 
36.2 
43 

37.6 
21.1 
62.9 

37.1 
47.8 

47 

34.6 

40.4 

66.3 

47.3 

48.8 

28.6 

24.9 

astrocytoma 

neurinoma 

neurinoma 

ganglio
neurinoma 
neurinoma 

neurinoma 

neurinoma 

neurinoma 

neurofibroma 
ependymoma 

ependymoma 

neurinoma 
meningioma 
neurinoma 
neurinoma 

lipoma 
neurinoma 
neurinoma 

ependymoma 
neurinoma 

syringomyelia 

neurinoma 

cavitation of 
spinal cord 

neurinoma 

astrocytoma 

neurinoma 

enterogenous 
cyst 

syringomyelia 

2.3 

9 

7.6 

1.2 

0.9 

6.S 

4.8 

O.S 
14.2 

11.4 

3.9 
2.3 
3.9 
1.6 
6.1 
0.9 
9.9 

8.4 
1.3 

4.8 

O.S 

2.7 

0.9 

3.4 

2.9 

2 

Level of 
Tumor and 
Tumorous 

Lesion 

Surgical 
Level 

of 
Opera

tion 

C4 C2-C6 

CS-T2 C4-T3 

C2-C4IS C2-C6 

C1/2, C3/4 CI-CS 

C4-6 C3-C6 

CS-C6 

C6-C7 

C6-C7/TI 

C2-3 
CS-C7 

C3-TI 

CS 
CS-C6 

C41S 
C7/TI-T2 

C6/7-C7TI 
CI 

CI/2-C2j3 

CS-C7 

CS-T2 

CS-T2 

C2-C3 
C2-Tl 

C2-TI 

C4-C6 
CS-C6 
C4-CS 
C7-T2 
C7-T2 
CI-C2 
CI-C2 

C4-7 CI-T2 
C4/S-C6/7 CS-C6 

C3-T4 C7-T2 

CS CS-6 

CS C4-CS 

C6/7-TI C7-TI 

C6-TI CS-TI 

C7-TI C7-T2 

C6/7-T1/2 C7-TI 

C3-S C3-C6 

Surgical 
Range of 

Operation 

Findings on Lateral 

Radiographs 
(Neutral Position) 

Preopera- Postopera-
tive tive 

Neurological and Urological condition (lOA score) 
Preoperative score Postoperative score 

(seg- Surgical Cervical Cervical Motor Sensory Blad- Motor Sensory 

ments) Procedure Curve 
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radiographs were used. According to the method of 
White,2 a tangential line was drawn at the caudal 
aspect of each vertebral body, and the adjacent 
intersectional angle was determined. When the 
adjacent tangential lines crossed anteriorly to the 
vertebral body, the angle was considered as 'plus' or 
positive, and when they crossed posteriorly, it was 
considered as 'minus' or negative (Figure 1). The 'plus' 
or positive value of the intersectional angle indicate a 
kyphotic vertebral column alignment, and the 'minus' 
or negative value indicates a lordotic vertebral column 
alignment. Each intersectional angle was plotted, and 
the spinal functional curve was made from the line 
segments which connected the spinal neutral position, 
in maximal flexion, and in maximal extension, 
respectively. The difference between the functional 
curve at maximal flexion and maximal extension 
indicates each intersectional range of motion. The 
difference between maximal flexion and the neutral 
position indicates the flexion range of motion, while 
that between the neutral position and maximal 
extension indicates the extension range of motion . 

Thirty volunteers ranging from 15 to 78 years of age 
(average: 44.7 years) who demonstrated no neurologi-

Table 2 Scoring system for cervical myelopathy established 
by the Japanese Orthopaedic Association in 1975 

I. Motor function 

A. Upper extremeties 

O. Impossible to eat with either chopsticks or spoon 

I. Possible to eat with spoon, but not with chopsticks 

2. Possible to eat with chopsticks, but inadequate 

3. Possible to eat with chopsticks, but clumsily 

4. Normal 

B. Lower extremeties 

O. Impossible to walk 

I. Need cane or aid on flat ground 

2. Need cane or aid only on stairs 

3. Walks independently, but clumsily 

4. Normal 

II. Sensory function 

A. Upper extremeties 

O. Apparent sensory loss 

I. Minimal sensory loss 

2. Normal 

B. Lower extremeties 

same as A 

C. Trunk 

same as A 

III. Bladder function 

O. Urinary retention and/or incontinence 

1. Severe disturbance 

inadequate evacuation of the bladder, straining, dripping of 

urine 

2. Mild disturbance 

urinary retardation, pollakiuria 

3. Normal 
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Figure 1 Measurement of the intersectional angle 
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Figure 2 Spinal functional curve in the control group 

cal symptoms such as pam or restricted range of 
motion were selected for the control group, and the 
functional curve was applied for this group. In the 
control group, the line segment that connected C2/3 
and C3/4 was almost vertical, and slightly convex from 
C4/5 to C6j7. The intersectional angle at C4/5 was 
almost zero, and each intersectional angle was 
negative, reflecting the lordotic cervical alignment 
(Figure 2). The ratio of the flexion range of motion 
to the extension range of motion in the control group 
was about I to 2. 

Results 

Patients were divided into three groups: the laminect
omy group (n = 18); the laminoplasty group (n = 10); 
and the partial laminectomy group (n = 7). In the 
laminectomy group, 61  % (n = 1 1) of the patients had 
postoperative spinal deformities, including a swan-neck 
deformity in 22% (n = 4), increased lordosis in 22% 
(n = 4), and a straight-neck in 1 1  % (n = 2) and fused 
spine in 6% (n = I), which were significantly high 
compared with 20% (n = 2) of the patients in the 
laminoplasty group, and 22% (n = 2) in the partial 
laminectomy group presented with spinal deformities. 

Spine deformity after surgery of spinal-cord lesions 
A Inoue et al 

In the laminectomy group, postoperative deformities 
was compared with respect to age, sex and the number 
of laminae removed. The average age at operation of 
patients with postoperative deformities (n = 1 1) was 
39.6 ± 11.8 years, and that of patients with a normal 
curve (n = 7) was 45.3 ± 16.3 years. The average number 
of laminae removed was 5.2 ± 1.9 for patients with 
postoperative deformities (n=II); and 2.4±0.5 for 
those with a normal curve (n = 7). There was a 
statistically significant difference as for the number of 
laminae removed (unpaired t test, P < 0.01), but no 
correlation was found for the age and sex of the 
patients. Regarding the neurological and urological 
states of the patients prior to and subsequent to 
operation (Table 3), the incidence of postoperative 
deformity was statistically low in patients with a good 
postoperative neurological recovery (unpaired t test, 
P<0.05). 

Concerning the level of laminae removed, the 
postoperative deformities were mainly swan-neck 
deformity in C2 resected cases, and increased lordosis 
in C7 resected cases. Patients in whom both C2 and 
C7 laminae were preserved showed an almost normal 
curve pattern. Of the two patients who had both C2 
and C7 laminae resected, one had a straight-neck, and 
the other had almost normal alignment with sponta
neous posterior fusion. 

The relationship between mobility of the spine and 
the change of alignment was studied based on the 
spinal functional curve. The partial laminectomy 
group demonstrated a neutral alignment of the 
functional curve similar to that shown in the control 
group, while the laminectomy group showed an 
increased lordotic curve, and the laminoplasty group 
showed a decreased lordotic curve. The intersectional 
range of motion was well preserved both in flexion and 
in extension in the partial laminectomy group, but the 
flexion range of motion was limited in the laminect
omy group, and the extension range of motion was 
limited in the laminoplasty group (Figure 3). 

The relation between the surgical level and cervical 
alignment was examined in the laminectomy group, 
which demonstrated a high incidence of deformities 

Table 3 Neurological and urological states pnor to and 
subsequent to laminectomy (lOA score) 

Motor and 

sensory 

(normal = 14) 

Bladder 

(normal = 3) 

Prior to operation 

Subsequent to 

operation 

Prior to operation 

Subsequent to 

operation 

With 

deformity 
(n=ll) 

6.8±3.S 

6.6±4.9 

1.9 ±O.9 

1.8 ± 1.1 

Without 

deformity 
(n= 7) 

6.7±2.SNS 

11.3 ±2.6* 

2.1 ±O.9NS 

2.6±O.8NS 

Mean ± SD; NS: not significant using unpaired t test; 
*P<O.05 

539 



540 

Spine deformity after surgery of spinal-cord lesions 
A Inoue et at 

(Figure 4). Although slightly restricted extension was 
observed, patients in whom C2 and C7 laminae were 
preserved demonstrated a curve close to that of the 
control group. On the other hand, those whose C2 
lamina was removed presented a very sharp curve 
convexing from the left with its maximum curvature at 
C4j5, reflecting the remarkable kyphotic upper-middle 
spine alignment accompanied with increased lordosis 
in the lower cervical spine, resulted in a swan-neck 
deformity. A restricted range of motion in the 
direction of flexion was also observed in these 
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Laminectomy 
(n=18) 

Laminoplasty 
(n=10) 

Partial 
laminectomy 

(n=7) 

0·····0: Maximal flexion 
-: Neutral position 
0 .... 0: Maximal extension 

Figure 3 Postoperative spinal functional curve in each group 
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---: Neutral position 
D·"·O: Maximal extension 

Figure 4 Postoperative spinal functional curve III the 
laminectomy group by the surgical level 
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Primary curve 
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Figure 5 Mechanism of development of spinal deformities. 
(A) When the C2 lamina is removed. (B) When the C7 lamina 
is removed 

patients. In particular, a neutral alignment at C2j3 
and C3j4 was obtained at maximal flexion, and that at 
C6j7 was at maximal extension. When the C7 lamina 
was resected, the curve was convex from the right with 
its maximal curvature at C5j6, which reflected the 
increased lordosis of the upper cervical spine. In 
particular, a neutral alignment at C6j7 which was at 
maximal extension was caused by a severe local 
kyphosis at C7 jT 1. Patients who had both C2 and 
C7 laminae removed showed an intermediate curve 
pattern between that of the C2 lamina removed 
patients and that of the C7 lamina removed patients 
in neutral alignment, but almost lost the intersectional 
range of motion in flexion and extension, probably 
reflecting the spontaneous posterior fusion. 

Discussion 

The operative approach for a spinal tumor with 
minimal damage of spinal-vertebral structures are one 
of the main concerns of surfeons when treating 
patients with spinal-cord lesions. However, a conven
tional extensive laminectomy has been widely per
formed to approach spinal-cord lesions in spite of the 
fact that the procedure can be associated with extensive 
damage to the spine. There are many reports regarding 
seve.re cerv

.
ical s�ine deformi�y �ollowing extensive 

lammectomles.4-1 The deformIty 1S usually accompa
nied by a compensatory lordosis and is known as the 
'swan-neck' deformity.6.11 Other studies report the 
development of a kyphotic deformity of the cervical 
spine following multiple bilateral laminectomies.5 But 
the mechanism for these cervical spine deformities is 
still being discussed.5,6,7,9,12,J3 



Various methods have been reported to assess 
instability and alignment of the cervical spine.2.9,14,15 

However, many of them have focused on changes of a 
single intervertebral segment, or on the alignment of 
the cervical vertebrae as a whole. Munechika,16 

discussed the functional curve, which is composed of 
each vertebral segment mobility at maximal flexion 
and extension as a means of assessment. In the present 
study, we considered a spinal functional curve, based 
on the intersectional angle to assess postoperative 
spinal deformities. With this method, both local and 
total changes can be evaluated in detail, and spinal 
mobility and spinal alignment can be visualized at the 
same time. There have been several reports on 
identifiable risk factors for the development of a 
spinal deformity following an extensive laminectomy, 
including the age at operation,4,5,6,8,9,12,17 the number 
of laminae resected,9 the extent of destruction of facets 
joints,8,14,18-22 the curve pattern of spine before 
operation,9,23 the surgical level,4,7,9 the neurological 
state,4 the history of radiation therapy,4 the period of 
post-operative external support4 and others. In our 
series, the number of laminae resected, the surgical 
level, the operation modus and the postoperative 
neurological state actually affected the development 
of post operative deformities. 

According to our results, a kyphotic deformity of 
the upper cervical spine and compensatory lordosis of 
the lower cervical spine developed in the C2 lamina 
removed patients (Figure SA). In the C7 lamina 
removed patients, a local sharp kyphosis developed 
at the level of the cervicothoracic junction accom
panied by a secondary compensatory lordosis of the 
upper cervical spine (Figure SB). These data imply 
that the pattern of deformity depends on the 
laminectomy level, as Sim et al 6 and Fraser et aF 

mentioned, and the prevalence of the deformity 
depends on the postoperative neurological states. On 
the other hand, the incidence of an abnormal spinal 
curve pattern was observed less frequently in the 
laminoplasty group and in the partial laminoplasty 
group than in the laminectomy group. These findings 
confirm that preserving the function of the posterior 
osseoligamentous complex21,24,25 and the paravertebral 
muscles5,9,26,27 is important to maintain cervical 
stability after surgery. 

Considering our results, in all patients who require 
an extensive laminectomy of C2 and/or C7 laminae, 
laminoplasty should also be adopted. In this way, 
reconstruction of the ligamentous connection and 
reattachment of the paravertebral erector muscles, 
including the semispinalis cervicis and semispinalis 
capitis muscles to the spinous processes, are made, 
thereby diminishing spinal deformity after surgery.26 

Careful attention should be paid to patients with upper 
cervical cord tumors, especially dumbbell tumors, as 
there are risk factors for substantial deformity and 
instability, such as bulbous enlargement of the poster
ior arch and intervertebral foramen, vertebral scallop
ing and the necessity of sacrificing the facet joints in 

Spine deformity after surgery of spinal-cord lesions 
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combination with laminectomy. When there is a high 
risk factor for the development of a spinal deformity, 
even if laminoplasty was performed, an additional 
operation to obtain stabilization is indicated. 

Early evaluation of the possible risk for deformity 
and instability following operation permits suitable 
prompt intervention including bracing.8 The preven
tive effect of bracing and its efficacy, however, is still 
under discussion.6 Herman and Sonntag,28 considered 
that immediate fixation with anterior plating facilitates 
solid fusion, maintains the spinal curvature, and 
promotes neurological improvement. Callahan et aP9 

and Farcy et apo preferred posterior fusion in such 
patients. Crawford,31 mentioned that anterior disc 
excision and bone graft followed by posterior 
arthrodesis with instrumentation are indicated when 
the kyphotic angle is greater than SO degrees, or if 
scoliosis is greater than 80 degrees. 

In this series, the patients in whom both C2 and C7 
laminae removed had a fairly normal spinal alignment 
in the neutral position, but mobility of the spine was 
severely impaired; that is termed a 'fused spine'. The 
normal mobility of the spine is also an important 
factor. Goel et aP2 reported an increase in spinal 
motion of about 10% after laminectomy, but Mikawa 
et al13 and Wetzel et aP3 reported that the mobility of 
the spine decreased after operation. Ishida et aP4 

mentioned that laminectomy caused a decrease of 
spinal movement, especially during extension; prob
ably as a result of functional insufficiency of the 
paraspinal muscles. 

Although partial laminectomy is only indicated for 
a small spinal cord tumor (one vertebral segment), we 
consider that this technique is preferable compared 
with laminectomy and laminoplasty, because the spinal 
and paraspinal structures can be almost completely 
preserved. In our series, both the alignment and the 
mobility of the spine were well preserved after 
operation. Especially, in case of patients with tumors 
derived from nerve sheath cells and were located on 
one side of the spinal canal, then most of the tumor 
could be easily resected by partial laminectomy. Even 
dumbbell tumors could be resected by a partial 
laminectomy and facetectomy operation. 

In conclusion, we consider that the spinal functional 
curve based on the intersectional angle is significant for 
the assessment of the biomechanics and deformity of the 
spine. Laminoplasty with reconstruction of the erector 
muscles and nuchal ligament is mandatory for patients 
with spinal-cord lesions, to maintain both stability and 
mobility of the spine to the maximum after operation. 
Moreover, partial laminectomy is the best procedure for 
the maintenance of both the alignment and the mobility 
of the spine in selected patients. 
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