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Relationship between cer
vical curvature and
spinal cord drift distance after laminectomy via
lateral mass screw fixation and its effect on
clinical efficacy
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Abstract
Background: Laminectomy with lateral mass screw fixation (LCS) is considered an effective surgical procedure for cervical
spondylotic myelopathy. However, varying degrees of loss of the cervical curvature were noted in some patients postoperatively. The
aim of this study was to observe the relationship between cervical curvature and spinal drift distance after LCS and to determine its
effect on neurological function, axial symptoms, and C5 palsy.

Methods:A total of 117 consecutive cervical spondylotic myelopathy patients with normal cervical curvature underwent LCS from
April 2015 to May 2017 in our institution. Of these patients, 90 patients who accepted to undergo an integrated follow-up were
enrolled in this study. The patients were divided into 3 groups based on their postoperative cervical curvature. In group A
(28 patients), the cervical curvature became straight postoperatively (0°�cervical spine angle�5°); in group B (36 patients), the
cervical curvature decreased (5°<cervical spine angle�16.5°); and in group C (26 patients), the cervical curvature remained normal
(cervical spine angle>16.5°). Spinal drift distance, neurological recovery, axial symptoms, and C5 palsy in the patients were recorded
and analyzed.

Results: Postoperative measurements showed that there was no significant difference in laminectomy width between the groups
(P> .05). The cervical spine angle was 2.7°±0.5° in group A, 11.2°±2.6° in group B, and 20.8°±4.1° in group C (P< .05), while the
spinal drift distance was 1.2±0.2mm, 1.8±0.4mm, and 3.0±0.5mm, respectively (P< .05). The postoperative Japanese
Orthopedic Association score was significantly increased in all groups (P< .05), and there was no significant difference between the
groups at different time points (P> .05). However, significant differences were noted between the groups in axial symptoms (P< .05),
which were analyzed via the visual analog scale score. The occurrence of C5 palsy in groups A, B, and C was 7.1% (2/28), 8.3%
(3/36), and 11.5% (3/26), respectively (P> .05).

Conclusion: In LCS, the cervical curvature should bemaintained at the normal angle to obtain a good spinal cord drift distance and
a lower incidence of axial symptoms.

Abbreviations: CSM= cervical spondylotic myelopathy, CT = computed tomography, JOA = Japanese Orthopedic Association,
LCS = laminectomy with lateral mass screw fixation, VAS = visual analog scale.
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1. Introduction
With the gradual aggravation of population aging globally, the
incidence of cervical spondylotic myelopathy (CSM) is increas-
ing. The main causative factors of CSM are a herniated
intervertebral disk, hypertrophic osteophytes, and incrassate
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ligaments that compress the spinal cord, leading to numbness of
the limbs, difficulty walking, and even bladder and bowel
dysfunction. Surgical treatment should be performed soon after
definite diagnosis. Currently, the main surgical methods are open
door laminoplasty with titanium plate fixation[1,2] and laminec-
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tomy with lateral mass screw fixation (LCS).[3,4] According to the
literature, a lateral mass screw can achieve simultaneous fixation
of the middle and posterior columns of the cervical spine, and the
fixation strength and the maintenance/correction of the cervical
curvature were significantly better in patients who underwent
LCS than in those who received the titanium miniplate with
posterior column fixation alone.[1,4,5] However, Lin et al[1]

suggested that the axial symptoms of LCS are more severe than
those of open door laminoplasty (miniplate fixation) and the
incidence of C5 palsy is higher. Moreover, in the patients who
underwent LCS, the overall range of motion of the cervical spine
was significantly lost after surgery.[1,5]

In clinical practice, we found that after LCS, radiographs
showed different degrees of reduction or even straightening of the
cervical curvature in some patients. We considered that this may
be related to a lower position of the patients’ head intra-
operatively or a smaller angle of the pre-bent titanium rod.
Therefore, it seems unclear whether the change in cervical
curvature affects spinal cord drift distance and the clinical effect
after surgery. Thus, the aim of this study was to observe the
relationship between cervical curvature and spinal drift distance
after LCS and to determine its effect on neurological function,
axial symptoms, and C5 palsy.
2. Material and methods

2.1. Patients’ information

FromApril 2015 toMay 2017, 117 consecutive patients who had
normal cervical curvature were diagnosed with CSM in the
People’s Hospital of Suzhou New District. The patients
underwent LCS for CSM treatment, and 90 patients were
followed up for more than a year. Based on the degree of
postoperative cervical curvature, the patients were divided into 3
groups. In group A, the cervical spine became straight
(0°�cervical spine angle�5°) (Fig. 1); in group B, the cervical
Figure 1. Radiograph of a 58-year-old male patient in group A who underwent lam
3.1° (A) and the spinal drift distance was 1.3mm (B).
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curvature decreased (5°<cervical spine angle�16.5°) (Fig. 2); and
in group C, the cervical curvature remained normal (cervical
spine angle>16.5°) (Fig. 3). This study was approved by the
Regional Ethics Committee of the People’s Hospital of Suzhou
New District. All clinical data were collected after the acquisition
of written informed consent from the patients.

2.2. Surgical method

All operations were performed by the same surgeon. After
successful induction of anesthesia, the patient’s head was placed
on the Mayfield head frame. A posterior median incision was
made and the posterior neckmuscles were peeled off using a high-
frequency electrotome, revealing the spinous processes, the
lamina, and facet joints. Next, a lateral mass screw (Medtronic
Sofamor Danek, Memphis, TN) was embedded in the vertebral
body, according to the Magerl technique.[4] If the lateral mass of
C7 was small, we chose a thin and short lateral mass screw. A
parallel slot was made at the transition of laminae and lateral
block using a high-speed grinding drill, and until the internal
cortex of the laminae was as thin as paper, the vertebral plate was
lifted slowly using a towel clamp. The patient’s head was raised
and titanium rods were inserted in the u-shaped slot for the nail
and then locked the nut. After placing the drainage tube, the
wound was sutured layer by layer.
2.3. Imaging evaluation

Data measurement was performed with Photoshop 8.0.1
mapping software. One week after surgery, posteroanterior
and lateral radiographs of the cervical spine were taken in the
neutral position, and the cervical spine angle was measured via
theHarrison’s method. Briefly, parallel lines were drawn from the
posterior edges of the vertebral bodies of C2 and C7, and the
acute angle formed between the 2 lines was measured (Fig. 3A).[6]

If the C7 vertebra was shielded by the shoulder, the cervical
inectomy with lateral mass screw fixation at C3–7. The cervical spine angle was



Figure 2. Radiograph of a 59-year-old female patient in group B who underwent laminectomy with lateral mass screw fixation at C3–7. The cervical spine angle
was 11.8° (A) and the spinal drift distance was 2.2mm (B).
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lordosis was measured on a sagittal computed tomography (CT)
image. Reconstructed CT scans of the posterior cervical structure
were taken, and the mean laminectomy width was measured on
coronal images–(a1 + a2 + a3 + . . . . . . an)/n (Fig. 4). The
cervical spine was scanned with a high resolution of 1.5T (GE
Signal HDi scanner), and the spinal drift distance at C5 level was
measured on mid-sagittal T2-weighted images. The length of the
posterior edge of the vertebral body of C5 and the midpoint of the
spinal cord transverse diameter was measured. Spinal drift
distance=postoperative distance (b) � preoperative distance
Figure 3. Radiograph of a 61-year-old male patient in group C who underwent lam
17.6° (A) and the spinal drift distance was 3.2mm (B, C).
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(a).[4] In cases of ossification of the vertebral body, the distance
between the posterior edge of the ossification and the midpoint of
the spinal cord transverse diameter was measured. (Fig. 3B
and C).

2.4. Clinical evaluation

The Japanese Orthopaedic Association (JOA) 17-point scoring
system was used to evaluate the preoperative and postoperative
neurological function of the patients.[1] The recovery rate was
inectomy with lateral mass screw fixation at C3–6. The cervical spine angle was

http://www.md-journal.com


Figure 4. Schematic diagram of the mean laminectomy width.
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calculated as: recovery rate = (postoperative JOA score �
preoperative JOA score)/(17� preoperative JOA score)�100%.
The diagnostic criteria for C5 palsy were new postoperative
occurrence of paralysis of the deltoid and/or biceps brachii,
manifesting mostly as mild myasthenia, because patients may
present with comorbidities such as C5 dermatome sensory
disturbances and intractable pain.[4] Axial symptoms[2] included
cervicodorsal pain accompanied by varying degrees of stiffness,
acid swelling, muscle spasm, and heaviness. Axial symptom
severity was rated via the visual analog scale.
2.5. Statistical analysis

SPSS (Version 20.0 IBM, Chicago, IL) was used to conduct
statistical analysis. Analysis of variance or paired t test was used
to compare continuous variables. Categorical variables were
compared via the X2 test or via multiple nonparametric tests
for independent samples. Two-sided P values of <.05 were
considered statistically significant. Bonferroni correction was
Table 1

Comparison of related characteristics between the 3 groups.

Group A (28 cases) Group B (36 ca

Sex
Male 13 16
Female 15 20

Age (y) 56.1±13.5 55.6±12.2
Follow-up period (mo) 15.8±3.6 17.0±3.8
Operated segment
C3–7 16 19
C3–6 4 6
C3–5 2 3
C4–7 6 8
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used for multiple between-group comparisons, and a difference
with P< .016 was considered statistically significant.
3. Results

According to measurements using Harrison’s method, there were
28 patients in group A, 36 patients in group B, and 26 patients in
group C. No statistical difference was noted between the 3 groups
in indicators such as age, sex, duration of symptoms, operated
segment, and follow-up period (P> .05) (Table 1).
The laminectomy width in groups A, B, and C was 21.6±1.5

mm, 20.9±1.3mm, and 21.4±1.5mm, respectively, and there
was no significant difference between the groups (P> .05).
However, a significant difference was noted in cervical spine
angle (groups A, B, and C: 2.7°±0.5°, 11.2°±2.6°, and 20.8°±
4.1°, respectively) (P< .05). The spinal drift distance was 1.2±
0.2mm, 1.8±0.4mm, and 3.0±0.5mm in groups A, B, and C,
respectively (P< .05). Pairwise comparisons showed statistical
differences between groups A and B, B and C, and A and C
(P< .05) (Table 2).
The postoperative JOA score was significantly higher than the

preoperative score in all groups (P< .05), and no significant
difference was detected between the groups at different time
points (P> .05). Axial symptoms were significantly different
between the 3 groups (P< .05), and further comparisons showed
statistical differences between groups A and B and groups A and
C (P< .05), but no significant difference was noted between
groups B and C (P> .05). The occurrence of C5 palsy in the 3
groups was 7.1% (2/28), 8.3% (3/36), and 11.5% (3/26),
respectively, with no significant difference between the groups
(P> .05) (Tables 2 and 3).
4. Discussion

Cervical curvature is a common radiographic feature, and
changes in cervical curvature can accurately reflect the degree of
cervical degeneration and changes in overall cervical function.
Previous studies reported that cervical spine abnormality was an
important index for the early diagnosis of cervical spondylosis,
and the measurement value of the cervical curvature was an
important criterion for evaluating the preoperative and postop-
erative function.[6,7] Harrison et al[8] found that the normal
cervical curvature was >16.5°. The physiologic cervical curva-
ture provides elasticity to the cervical spine, cushions stress, and
absorbs shock to protect against cervical cord injury. There are
many factors that maintain the balance of the normal cervical
ses) Group C (26 cases) F/x2 P value

14 0.564 .75
12

57.2±13.9 0.114 .89
16.3±3.9 0.818 .45

14 0.787 .50
4
2
6



Table 2

Comparison of imaging data and C5 palsy among the 3 groups.

C5 palsy [n,%]

Group Cervical spine angle (o) Laminectomy width (mm) Spinal drift distance (mm) Yes No

Group A (28 cases) 2.7±0.5 21.6±1.5 1.2±0.2 2 (7.1%) 26 (92.9%)
Group B (36 cases) 11.2±2.6

∗
20.9±1.3

∗
1.8±0.4 3 (8.3%) 33 (91.7%)

Group C (26 cases) 20.8±4.1
∗,† 21.4±1.5

∗,† 3.0±0.5 3 (11.5%) 23 (88.5%)
F/x2 value 289.585‡ 2.077‡ 152.119‡ 0.344x

P value <.001 .131 <.001 .843 <.001
∗
Compared with group A, P< .016.

† Compared with group B, P< .016.
‡ Analysis of variance.
xx2 test.
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curvature, including the coordination of cervical muscles, the
tension of ligaments, the elasticity and height maintenance of the
intervertebral disc tissue, and so on.[6,8] With the popularity of
portable electronic products such as mobile phones and tablets, a
large number of people maintain an incorrect cervical spine
posture of bowing the head for extended periods, leading to the
straightening of the cervical curvature. Therefore, patients with
reduced cervical curvature are increasingly found in outpatient
clinics. In addition, we found that the cervical curvature of some
patients who underwent laminoplasty or laminectomy was lost in
varying degrees, but it was not clear whether the loss of cervical
curvature affected the postoperative clinical efficacy.
Therefore, in this study, according to the definition of normal

cervical curvature by Harrison et al,[8] we divided the enrolled
patients into 3 groups, andwe noted that the difference in cervical
curvature did not affect neurological function recovery. More-
over, no significant difference was observed between the 3 groups
in the preoperative versus postoperative JOA scores during the
follow-up.
With adequate decompression of the spinal cord, the recovery

of neurological function would be remarkable. It has been
reported that the C5 segment is the largest part of the transverse
diameter of the cervical spinal cord, and the average transverse
diameter of the spinal cord is only 13mm.[9,10] Therefore,
sufficient decompression could be achieved if the laminectomy
width exceeds the transverse diameter of the corresponding
segment of the spinal cord.[11,12] In a study by Klement et al,[13]

spinal cord decompression could be achieved with a laminectomy
width of 23.1mm. However, Radcliff et al[14] and Zhao et al[4]

reduced the laminectomy width to 19 and 16.7mm, respectively,
and satisfactory recovery of neurological function was achieved.
Intraoperative evaluation revealed that adequate decompression
Table 3

Comparison of neurological function and axial symptoms among the

JOA score

Preop 3 mo postop Final follow-u

Group A (28 cases) 7.5±1.2 12.3±2.6
∗

13.6±3.1
∗

Group B (36 cases) 7.7±1.1 12.8±2.9
∗

13.8±3.2
∗

Group C (26 cases) 7.4±1.0 13.2±3.0
∗

13.9±3.1
∗

F value 0.599‡ 0.683‡ 0.065‡

P value .551 .508 .937
∗
Compared with preoperation, P< .05.

† Compared with 3 days postoperation, P< .05.
‡ Analysis of variance.
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with a laminectomy width as long as the spinal cord can address
cases of spinal cord swelling. In this study, the laminectomywidth
was more than 20mm, which significantly exceeded the
transverse diameter of the spinal cord, and the postoperative
cervical curvature could only affect spinal cord drift distance,
which does not affect the final decompression of the spinal cord.
However, it remains unclear why some patients had an

abnormal cervical curvature postsurgically. We believe that, first,
the intraoperative position of these patients may have been
improper. The position of the head was lower than the trunk,
additionally, the cervical spine had hypokinesis and lacked
sufficient lifting. These postural changes reduced the cervical
curvature after fixation.[15] Second, the curvature of the prebent
titanium rod was inadequate. Third, the removal of the spinous
process and vertebral plate resulted in considerable loss of the
effective attachment points of the posterior cervical muscles; thus,
the tension of these muscles that maintain the cervical curvature
was weakened, resulting in the reduction or straightening of the
physiological curvature of the cervical vertebra.[16–19]

Presently, experts focus on the preservation or reconstruction
of the attachment points of muscles, including the preservation of
muscle attachments on C2 and C7 during laminoplasty,[18] repair
of the posterior deep extensor insertion to the C2 lamina during
laminoplasty,[16] and muscle-preserving selective laminec-
tomy.[19] These procedures could reduce atrophy of the posterior
deep extensor muscle and maintain the tension behind the
cervical vertebra. However, clinicians seem not to consider that
an improper positional relationship between the head and trunk
during surgery could also result in loss of cervical curvature. In
our study, patients were placed in the prone position during
posterior cervical surgery, and the head was fixed in a common
head frame or the Mayfield head frame. To facilitate muscle
3 groups.

Recovery rate (%) VAS score of axial symptoms

p 3 d postop 1 mo postop

64.2±12.5 5.1±1.2 3.6±0.6†

65.6±13.3 3.7±0.7 2.4±0.3†

67.7±14.1 3.3±0.5 2.2±0.2†

0.472‡ 34.800‡ 101.609‡

.625 <.001 <.001

http://www.md-journal.com
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incision and exposure, the head was placed forward and
downward, so that the cervical spine was straight or bent
forward. If the head is not raised and the cervical curvature is not
adjusted before fixation, an abnormal cervical curvature would
result after surgery. In addition, the titanium systemwith a lateral
mass screw provided sufficient strength and stiffness. The
mechanical strength of the titanium rod was sufficient to change
the physiological curvature of the cervical vertebra after serial
fixation using a lateral mass screw. Therefore, the radian of the
titanium rod was another key factor for determining cervical
curvature.
Axial symptoms are the most common complications in

laminoplasty and laminectomy, with a reported incidence of
5.2% to 80%. The main manifestations of axial complications
are cervicodorsal pain accompanied by discomfort such as
stiffness, tension, and soreness of the neck muscles.[20] Presently,
the specific mechanism of axial symptoms remains unclear.
Previous studies reported that axial symptoms may be related to
factors such as the destruction of spinous process and muscle
attachment points, the destruction of articular capsule, the
atrophy of posterior cervical muscles, change in cervical
curvature, and the instability of vertebral segments.[2,5,15–20]

Therefore, it seems unclear whether the occurrence of axial
symptoms is related to a change in cervical curvature. In a study
by Du et al,[21] which the surgical procedures of laminoplasty,
laminectomy, and LCS were compared, the authors found that
loss of cervical curvature was related to the degree of neurological
recovery and the severity of axial symptoms. In the present study,
the visual analog scale scores of axial symptoms in group A were
significantly higher than those in groups B and C. The cervical
lordosis in group B was smaller than that in group C, but no
significant difference was found in the occurrence of axial
symptoms between the groups. This indicated that loss of cervical
curvature could cause worsening of axial symptoms. The current
research suggests that a slight loss of cervical curvature will not
worsen axial symptoms. There may be a critical point of cervical
curvature reduction at which axial symptoms are induced. More
studies are needed to confirm this critical point.
C5 nerve paralysis is another very common complication of

laminectomy. Several studies have reported that it was related to
an increase in tension and the excessive traction of the C5 nerve
root after backward spinal cord drift.[14,15,22] Nerve root palsy
was induced by mechanisms such as ischemia and hypoxia,
segmental spinal cord disorder, embolism, reperfusion injury,
and iatrogenic nerve root compression.[3–5,11–15,22–24] Radcliff
et al[14] found that the spinal cord drift distance at the C5 level
was 5.1mm in patients with C5 palsy, which was significantly
greater than that in patients without nerve paralysis. Tsuji et al[24]

found that a larger postoperative space anterior to the spinal cord
was positively correlated with a higher incidence of C5 palsy.
Thus, some expert surgeons opt for selective laminoplasty
combined with laminectomy and internal fixation to prevent the
postoperative occurrence of C5 nerve paralysis, and the principle
is to limit excessive backward spinal cord shift.[25] In the present
study, the spinal cord drift distances in groups A and C were 1.2
±0.2mm and 3.0±0.5mm, respectively, and the occurrence of
C5 palsy was 11.5% and 7.1%, respectively, with no statistical
difference observed in the incidence of C5 palsy. We considered
that since the cervical curvature in group C was the largest and
yet the spinal cord drift distance was only 3.0mm, which
was significantly smaller than that in the study by Radcliff et al
6

(5.1mm), the degree of spinal cord drift was not sufficient to
cause a significant difference in the occurrence of C5 palsy.
There were some limitations to our study. First, due to the

small sample of patients enrolled, the number of cases in each
group was small, and statistical bias may be present. Second, in
patients where the C7 vertebra were shielded by the shoulder, the
cervical spine angle had to be measured on CT images. Errors in
cervical lordosis assessment in the supine (for CT) and standing
positions (for X-ray) may also exist. Therefore, in the future, we
plan to expand the sample size and improve the measurement
method to circumvent the above-mentioned problems.
5. Conclusions

In LCS, the head should be raised properly and the titanium rod
should be adequately bent before fixation to achieve recovery of
cervical curvature. A cervical spine with normal curvature will
obtain a better spinal cord drift distance and a lower incidence of
axial symptoms after LCS. Further, a cervical spine with normal
curvature is associated with a low incidence of C5 palsy and
better neurological recovery.
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