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ORIGINAL ARTICLE

Neck Muscle Strength Before and After Cervical
Laminoplasty

Relation to Axial Symptoms

Shunsuke Fujibayashi, MD, PhD, Masashi Neo, MD, PhD, Makoto Yoshida, MD,
Masahiko Miyata, MD, Mitsuru Takemoto, MD, PhD, and Takashi Nakamura, MD, PhD

Study Design: A prospective study to investigate serial changes
in neck muscle strength before and after cervical laminoplasty.

Objectives: To examine the correlation between neck muscle
strength and axial symptoms,-and to clarify the risk factors for
axial symptoms.

Summary of Background Data: Axial symptoms are common
complications after posterior cervical spinal surgery. Although
several technical considerations have reduced axial symptoms,
the causes of axial symptoms are still largely unknown. Previous
studies have indicated that neck muscle strength is reduced in
patients with neck pain.

Materials and Methods: Nineteen consecutive patients under-
went cervical expansive laminoplasty for cervical spondylotic
myelopathy. Age, sex, operative time, blood loss, clinical results,
cervical curvature, range of motion, visual analog scale (VAS)
for axial symptoms, and manual muscle strengths were
examined before and after surgery. At 3 and 12 months, these
factors were compared statistically between the no pain (NP)
group (VAS <3) and the pain (P) group (VAS >3). The
correlation between VAS and neck muscle strength, and the
reduction in neck muscle strength in extension were analyzed
statistically.

Results: Six patients (31.5%) complained of axial symptoms at 3
months, and the symptoms continued in 3 patients (15.8%) at 12
months. At 3 months, cervical lordosis was 15.7 degrees in the
NP group and 5.0 degrees in the P group, and neck strength in
extension was 104.9% and 61.8%, respectively. At 12 months,
neck strength in extension was 124.3% and 62.2%, respectively.
These differences were statistically significant. The correlation
between neck pain VAS and neck muscle strength, and the
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reduction in neck muscle strength in extension were statistically
significant.

Conclusions: Neck muscle strength recovered to the preoperative
value by 3 months and increased to 120% by 12 months in the
NP group, whereas in the P group, neck muscle strength
remained reduced by 60% and did not recover. Neck muscle
strength and axial symptoms were strongly correlated.

Key Words: cervical spondylotic myelopathy, laminoplasty,
axial symptoms, muscle strength

(4 Spinal Disord Tech 2010;00:000-000)

xpansive laminoplasty is a standard operative proce-

dure for cervical spondylotic myelopathy. Several
surgical methods and excellent clinical results for
expansive laminoplasties have been reported.'> Hosono
et al* first described neck and/or shoulder pain caused by
laminoplasty, referring to it as “axial symptoms”. Axial
symptoms are common complications after posterior
cervical procedures.’ The incidence of axial symptoms
has been reported to range from 0% to 80%. Its etiology
remains largely unknown. To reduce postoperative axial
symptoms, several surgical modifications have been
introduced, such as semispinalis muscle preservation, C7
spinous process preservation, skip laminectomy, and brief
external immobilization,5-10

The knowledge of neck muscle strength is important
for any understanding of the potential relationship
between muscle function and pathology. Subjects with
neck pain often have reduced neck strength, and strength
training is associated with a reduction in pain.!!

We hypothesized that axial symptoms result from a
reduction in neck muscle strength, caused by the surgical
impact on the extensor muscles, and that this reduction in
muscle strength is an important factor in axial symptoms.
In this study, neck muscle strength was measured before
and after the operation, and its relationship to axial
symptoms was examined.

PATIENTS AND METHODS

Nineteen consecutive patients underwent cervi-
cal laminoplasty (C3 to C6) for cervical spondylotic

' www.jspinaldisorders.com | 1
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myelopathy from May 2005 to March 2006. The study
subjects were 12 men and 7 women, with a mean age at
surgery of 61.6 years (range: 33 to 76y). In cases of
combined radiculopathy, posterior foraminotomies were
included. Patients with rheumatoid arthritis or ossifica-
tion of the posterior longitudinal ligament were excluded.
The operative procedure was a modified double-door—
type laminoplasty from C3 to C6, using an anchoring
screw to secure the opened laminae.'? In all cases, the C2
semispinalis attachments and the C7 spinous processes
were carefully preserved (Figs. 1A, B). After the opera-
tion, the patients wore a soft brace for 2 weeks. The rate
of recovery of the Japan Orthopedic Association (JOA)
score,!? cervical curvature (C2 to C7 lateral Cobb angle),
and the 10-point visual analog scale (VAS) score for axial
symptoms were examined at 1, 3, 6, and 12 months. Axial
symptoms were defined according to the descriptions of
reference 4: (1) nuchal pain distributed over the posterior
neck; (2) shoulder pain, including pain of the suspensory
muscles; and (3) shoulder muscle spasm, that is, stiffness
and tension of the suspensory muscles. The range of
motion (ROM; the difference in the lateral Cobb angle
between flexion and extension) and manual muscle
strengths were examined at 3, 6, and 12 months. The
JOA recovery rate was calculated as follows: recovery
rate (%) = (postoperative JOA score — preoperative JOA
score) x 100/(17 — preoperative JOA score). The 10-point
VAS was ascertained by self-assessment. The isometric
neck muscle strengths at flexion, extension, right bending,
and left bending were measured manually using the
microFET2 (Hoggan Health Industries, UT) 3 times at
each time point (Fig. 2A). The subject kept his/her neck in
an isolated position while the force was applied by the
examiner, and the average values at failure (Newton) were
recorded as the intrinsic strength (Figs. 2B, C). The value
for postoperative muscle strength was normalized to the
preoperative value [n-manual muscle testing (n-MMT)].
Related factors such as age, sex, operative time, blood
loss, recovery rate of the JOA score, cervical curvature,
ROM, VAS for the axial symptoms, and manual muscle
strengths were examined at both 3 and 12 months, and
were compared statistically between the no pain (NP;
VAS < 3) and pain (P) groups (VAS > 3) with the Mann-
Whitney U test. Correlations between axial pain and neck
muscle strength or the reduction in muscle strength
(n-MMT) in extension were analyzed using Spearman
rank correlation coefficient. Statistical significance was
defined as P <0.05.

RESULTS

Clinical Results and Axial Symptoms

The mean operative time was 106.9 + 28.3 minutes,
and the mean blood loss was 41.4 + 41.2mL. The overall
recovery rate of the JOA score was 51.8 +£29.9% at
3 months and 57.1 + 28.1% at 12 months. Preoperatively,
8 patients (4 men and 4 women) complained of significant
neck pain, and the mean neck pain VAS was 2.8 £ 3.5.
All the patients who complained of severe preoperative

2 | www.jspinaldisorders.com

FIGURE 1. A and B, Postoperative axial computed tomo-
graphic image (A). Postoperative T2-weighted coronal mag-
netic resonance imaging demonstrates semispinalis muscle
(arrow) preservation (B).

neck pain reported a reduction in neck pain postopera-
tively. At 1 month, there were 8 patients (7 men and
1 woman) in the NP group (VAS, 0.75) and 11 patients
(5 men and 6 women) in the P group (58.0%; VAS, 4.18).
At 3 months, there were 13 patients (11 men and
2 women) in the NP group (VAS, 0.46) and 6 patients

© 2010 Lippincott Williams & Wilkins
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FIGURE 2. A to C, Measurements of neck muscle strength. The subjects kept their necks in an isolated position while the force
was applied by the examiner, and the values at failure were recorded as the intrinsic strength: A, measurement device;

B, extension; and C, flexion.

(1 man and 5 women) in the P group (31.5%; VAS, 3.83).
At 6 months, there were 16 patients (11 men and 5
women) in the NP group (VAS, 0.5) and 3 patients (1 man
and 2 women) in the P group (15.7%; VAS, 3.33). At 12
months, there were 16 patients (11 men and 5 women) in
the NP group (VAS, 0.35) and 3 patients (I man and 2
women) in the P group (15.7%; VAS, 4.0). The axial
symptoms gradually decreased in all patients during the
experimental period. At each time point, women com-
plained of more axial symptoms than did men. The
preoperative VAS was lower and the JOA score recovery
rate was higher in the NP group than in the P group,
although not statistically significantly. Other parameters,
such as age, preoperative JOA score, and operative time,
were not related to the degree of axial symptoms at 3
months (Table 1).

Radiologic Assessments

The mean preoperative cervical lordotic angle was
14.1 £ 11.8 degrees, and the ROM was 41.2 £ 13.3
degrees. At 3 months, the lordotic angle was significantly
higher in the NP group (15.7 & 9.2 degrees) than in the P
group (5.0 + 9.6 degrees; P = 0.023). At 12 months, the
lordotic angle was 13.1 £+ 10.5 degrees in the NP group
and 15.4 + 11.8 degrees in the P group, but the difference
between the groups was not significant (Fig. 3). There was
no case of progressive kyphotic alignment. The ROM of

TABLE 1. Relationship Between Patient Preoperative
Demographic Data and Axial Symptoms at Three Months

NP Group'? P Group® P

Age (y) 61.0 £ 13.0 63.2 £ 13.6 NS
Pre VAS 20+3.1 45+4.1 NS
Pre JOA 1.1 £2.7 12.7 £ 3.0 NS

Operative time (min) 108.9 + 33.8 102.5 + 10.8 NS
Blood loss (mL) 49.5 £ 48.5 203 +£2.6 NS
Pre C2-C7 lordosis (degrees) 16.1 £9.8 8.6 £16.3 NS
Pre ROM (degrees) 41.0 + 8.7 41.7 £ 24.0 NS
Pre flexion (N) 75.1 + 28.1 56.9 + 27.1 NS
Pre extension (N) 100.9 + 27.9 100.3 + 43.0 NS
Pre right bending (N) 853+ 243 73.5 + 33.9 NS
Pre left bending (N) 87.5 £ 19.1 76.1 £+ 34.5 NS

Values are means + SD.
N indicates Newton; NP, no pain (VAS <3); NS, not significant; P, pain
(VAS > 3); Pre, preoperative.

© 2010 Lippincott Williams & Wilkins

the cervical spine was 35.8 + 8.2 degrees at 3 months and
40.0 £ 11.1 degrees at 12 months in the NP group, and
29.0 + 10.9 degrees and 51.8 + 16.5 degrees, respectively,
in the P group. The differences were not significant
between the 2 groups at either time point. Preoperative
cervical lordosis and ROM did not differ between the NP
and P groups at either time point.

Muscle Strength

Preoperation

The mean preoperative intrinsic muscle strength
was 69.1 £ 27.6 N in flexion, 99.3 £+ 32.1 N in extension,
80.1 £ 27.2 N in right bending, and 82.4 & 24.8 N in left
bending. The mean muscle strength of the men was
significantly higher than that of the women in all
directions, compared with an unpaired ¢ test (flexion,
83.7 £ 22.7N vs. 44.1 + 13.3 N, respectively, P = 0.0006;
extension, 110.5 £ 33.9N vs. 80.0 £ 17.2 N, respectively,
P = 0.042; right bending, 91.3 £ 26.7N vs. 60.9 £ 15.0N,
respectively, P = 0.014; left bending, 92.0 + 24.2N vs.
66.0 £ 16.5N, respectively, P = 0.022).

At 3 Months Postoperation

The normalized flexion strengths did not differ
between the NP and P groups. The normalized strength of
the extensor muscle was 104.9 + 40.8% in the NP group
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FIGURE 3. Cervical lordotic angle. Cervical lordosis was
significantly higher in the NP group than in the P group at 3
months. At 12 months, no difference was identified between
the 2 groups. *Statistically significant. NP indicates no pain
group; P, pain group.
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