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Abstract BACKGROUND CONTEXT: Although numerous studies have reported on the loss of flexion-
extension range of motion (ROM) associated with laminoplasty, few have reported on the time
course of this loss of motion for a long-term follow-up period.
PURPOSE: We previously reported our early data on postlaminoplasty cervical ROM. In this
article, we describe our minimum 5-year follow-up data to identify the time-dependent change
in ROM after cervical laminoplasty.
STUDY DESIGN: A prospective cohort study.
PATIENT SAMPLE: The procedure was performed in 23 patients. Eighteen patients with a min-
imum 5-year follow-up were included in the study.
OUTCOME MEASURES: The time-dependent neck ROM changes observed in the neutral, flex-
ion, and extension radiographs were used to measure the radiological outcome. The Japanese
Orthopaedic Association classification and a numerical rating scale of axial neck pain and arm pain
were used to evaluate clinical outcome.
METHODS: Twenty-three patients who received unilateral open-door laminoplasties, including
miniplate fixation over three levels, were serially evaluated at regular set intervals postoperatively.
Eighteen patients with a minimum 5-year follow-up were included in the study. The mean follow-
up period was 68.1 months (range, 60–78 months). Nine patients had ossification of posterior lon-
gitudinal ligament (OPLL) and nine patients had cervical spondylotic myelopathy (CSM). Enrolled
patients were divided into subgroups (OPLL vs. CSM; autofusion vs. nonautofusion) to compare the
ROM between the groups. We evaluated the time-dependent neck ROM changes by taking neutral,
flexion, and extension radiographs preoperatively and at 1, 3, 6, 9, 12, 18, and 24 months postop-
eratively. Follow-up radiographs were taken annually after a 2-year follow-up.
RESULTS: The preoperative and 1-, 3-, 6-, 12-, 24-, 36-, 48-, and 60-month postoperative ROM
figures were 39.9611.2�, 35.069.2�, 33.0611.0�, 30.1610.4�, 25.8613.1�, 24.7610.0�,
23.866.5�, 24.668.3�, and 23.669.4�, respectively, and at the most recent follow-up, ROM was
24.5610.1�. Thus, the mean ROM decreased by 15.468.4� (38.5%) by the last follow-up
(p!.0001). In the OPLL group, we observed a more limited cervical ROM than in the CSM group
(47.2% vs. 72.7%). As expected, in the laminar autofusion group, the ROM decreased significantly
(55.6% decrease), whereas in the nonautofusion group, the ROM decreased less significantly
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(13.4% decrease) at the last follow-up. Postoperative axial pain did not correlate with the cervical
ROM.
CONCLUSIONS: These results suggest that the loss of cervical ROM after laminoplasty is time-
dependent, and patients with OPLL and laminar autofusion had less ROM. Postlaminoplasty ROM
reduction can recover after several years, unless laminar autofusion occurs. � 2013 Elsevier Inc.
All rights reserved.
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Introduction

Cervical laminoplasty is considered to be a motion pre-
serving operation compared with procedures requiring fusion
[1–5]. In recent studies, long-term clinical outcomes after
laminoplastywere satisfactory [6–11].However, several stud-
ies have reported that flexion-extension ROM (range of mo-
tion) was significantly decreased after laminoplasty [6–9,12].

We previously reported our early data on postlamino-
plasty cervical ROM [13,14]. In that study, we found that
cervical ROM was reduced after cervical laminoplasty
and that the loss of ROM is time-dependent and plateaus
by18 months after surgery, with no further decreases there-
after. In the present study, we continued to prospectively
follow these patients to determine the long-term results of
cervical laminoplasty on ROM and clinical results.

Materials and methods

Between July 2003 and March 2006, 23 patients sched-
uled for cervical laminoplasty were studied prospectively.
Patients in whom kyphotic cervical curvatures were docu-
mented were excluded in the previous study [13]. Of these,
18 patients who were followed for 5 years or more after sur-
gery were included in the present study. Of the remaining
five patients, two patients died of unrelated causes, two pa-
tients underwent follow-up evaluations for less than 5
years, and one patient replied negatively because of his co-
morbidity (dementia). The mean follow-up period was 68.1
months (range, 60–78 months). There were 12 men and six
women. The mean age at surgery was 56.4 years (range,
42–77 years). Nine patients had ossification of posterior
longitudinal ligament (OPLL) and nine patients had cervi-
cal spondylotic myelopathy (CSM). Enrolled patients were
divided into subgroups (OPLL vs. CSM; laminar autofusion
vs. laminar nonautofusion) to compare ROM between the
subgroups. The subgroup of laminar autofusion was defined
as those patients who demonstrated interlaminar bony
fusion after cervical laminoplasty. All patients underwent
a unilateral expansive open-door laminoplasty augmented
with miniplates. All operations were performed by the
senior author (SCR), an academic spine surgeon. The
decompression extended to one level cranial and caudal
to the compressive level(s). If C2 was the most cranial
level, a dome laminoplasty, undercutting the undersurface
of the lamina, was used. The open side of the lamina was

chosen to be the dominant symptomatic side. If there was
no dominant side, the left lamina was usually opened.
The opened lamina was fixed by placing miniplates and
screws. In some patients who presented with radiculopathy,
a simultaneous bilateral foraminotomy was conducted us-
ing a high-speed drill. All bone work was performed under
a microscope. The postoperative cervical collar period was
2 to 4 weeks in all patients.

A series of lateral radiographs, including neutral, max-
imal flexion, and extension views of the cervical spine,
were taken preoperatively and at 1, 3, 6, 9, 12, 18, and
24 months postoperatively to evaluate serial cervical
ROM changes. Follow-up radiographs were taken annually
after the 2-year follow-up. The range of motion of the cer-
vical spine was calculated as the difference between the
lordotic and kyphotic angles measured during extension
and flexion, respectively [13]. Angles created by a line par-
allel to the inferior aspect of the C2 body and a line parallel
to that of the C7 body were measured on the flexion and
extension lateral radiographs and a total ROM value was
obtained by the summation of these angles. These mea-
surements were performed over three times by one of the
authors and an independent experienced musculoskeletal
radiologist to reduce the intra- and interobserver bias.
These two observers also identified interlaminar bony fu-
sion, which was evaluated using lateral radiographs taken
at maximal flexion and neutral positions. All measure-
ments were made using a picture-archiving and communi-
cations system, DICOM (version 3.0; CompuMed, Inc.,
Tucson, AZ, USA). Besides imaging, postoperative neck
pain was evaluated using a numeric rating scale (NRS;
score range 0–10, with 10 indicating the worst pain)
[15]. The NRS scores were compared with cervical ROM
to determine if there was any correlation. The Japanese Or-
thopaedic Association (JOA) classification was used to as-
certain the severity of cervical myelopathy. Furthermore,
the neurologic recovery rate at the last follow-up was cal-
culated from pre- and postoperative JOA scores.

For statistical analysis, SPSS software (version 12.0,
2003; SPSS, Inc., Chicago, IL, USA) was used. ROM
changes over time were assessed using Student t test or
the Mann-Whitney U test to seek a trend. Possible univar-
iate association between ROM changes and NRS scores
was tested using Spearman rank correlation coefficients. In-
tra- and interobserver reliability of the measurements was
estimated using kappa statistics. A p-value of less than
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