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ABSTRACT

A decrease in the diameters of the cervical vertebral canal 
and intervertebral foraminas due to progressive degenerative 
changes can cause direct damage or secondary ischemic 
changes of the spinal cord and roots, which are responsible for 
the symptoms of CSM (4, 17). The symptoms of CSM include 
motor and sensory disturbances of the upper and lower 
extremities such as gait disturbances, loss of balance and 
difficulty with fine motor tasks of upper extremities, acquired 
spasticity, and axial neck, scapular and radicular pain (17).

█    INTRODUCTION

Cervical spondylosis is a general term that describes 
commonly age-related chronic degenerative changes 
such as disc degeneration, osteophyte formation, 

thickness and/or ossification of the posterior longitudinal liga-
ment (OPLL), degeneration of the facet joint and hypertrophy 
of the ligamentum flavum (17). Cervical spondylotic myelopa-
thy (CSM) is the most common cause of myelopathy in adults 
and commonly results from a narrow spinal canal due to cervi-
cal spondylosis (4).

AIm: To evaluate the clinical success of the en bloc laminoplasty and impact of the arcocristectomy on postoperative axial pain of 
the patients with cervical spondylotic myelopathy (CSM).   
mATERIAl and mEThODS: A retrospective review of 81 patients with CSM who underwent en bloc cervical laminoplasty while 
preserving posterior structure of the cervical spine during the period from 2007 to 2014 was performed. Arcocristectomy was 
performed if the C6-7 level was included in the surgery. The posterior spinal elements and muscles attached to the spinous process 
of C2 and C7 were preserved. Thus, postoperative deformity of the cervical spine could be avoided. The neurological status of 
the patients was assessed using the modified Japanese Orthopedic Association (JOA) scale. The neurological recovery rate was 
calculated according to the Hirabayashi method.      
RESUlTS: The mean modified JOA scale score was 11.4±2.4 preoperatively and 15.0±3.9 postoperatively. The neurological recovery 
rate was 68.6%. C7 arcocristectomy was performed in 19 patients. No axial pain was noted in the first 2 postoperative months. 
Keyhole foraminotomies were performed in 11 patients and radicular pain completely resolved after surgery. Temporary C5 nerve 
root palsy was observed in 3 patients. Mean cervical spine lordosis was 10.6o±10.5o preoperatively and 8.6o±9.5o postoperatively. 
No postoperative spinal instability or kyphotic deformity was noted.  
CONClUSION: En bloc cervical laminoplasty while preserving posterior structure is useful in preventing postoperative spinal 
malalignment and axial pain. Arcocristectomy is an effective technique for the prevention of postoperative axial pain in patients with 
C6-7 spinal stenosis.       
KEywORDS: Cervical spondylotic myelopathy, En bloc laminoplasty, Axial pain, Kyphosis, Arcocristectomy
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Decompression surgery via the anterior or posterior approach 
is the accepted treatment for CSM. The principal goals of the 
surgical treatment of CSM are both providing decompression 
of neural structures by increasing the canal diameter and 
restoring the spinal stability (17, 18, 28).

Various techniques are recommended for the surgical 
treatment of CSM, including anterior cervical discectomy 
or corpectomy with fusion, laminectomy with or without 
fusion, and laminoplasty (22, 23). The anterior approach is 
recommended in patients in whom the disease affects one to 
three levels with anterior compression of the spinal cord and 
a straight or kyphotic spine (10, 18, 31). The disadvantages of 
anterior surgery are the bone graft fusion and immobilization 
requirement, and low fusion rate in the elderly, diabetics and 
smokers, and adjacent segment disease (18, 31). The reported 
incidence of non-union after subtotal corpectomy is 0% to 
27% (6, 7). Another significant complication of anterior surgery 
is late deterioration secondary to degenerative changes at the 
adjacent levels (6). The adjacent segment disease rate is 2.9% 
per year, 25.6% per 10 years (9). The intradiscal pressure 
increases in the upper and lower segments during flexion 
(upper 73%, lower 45%). Moreover, mobility of the upper 
adjacent segment increases and this can lead to kyphosis (5). 
Dysphagia related to anterior surgery has also been reported 
as a complication (17).

Cervical laminectomy has long been considered as the 
standard treatment of CSM. Although it permits adequate 
decompression of the cervical spinal cord, potential adverse 
outcomes such as kyphosis, instability and epidural scar 
formation exist and may be responsible for postoperative head 
and neck pain and even delayed neurological deterioration. 
Laminoplasty was developed to widen the spinal canal without 
permanently removing the dorsal structures of the cervical 
spine to avoid the problems associated with laminectomy (21, 
27).

The advantages of laminoplasty procedures include being 
appropriate for multilevel compression, no need for fusion, 
low risk of adjacent segment disease, and no complications 
of anterior surgery. Moreover, foraminotomy may be added to 
laminoplasty procedures in patients with radiculopathy (20, 
28).

Laminoplasty is contraindicated in patients with kyphotic 
deformity and instability. Laminoplasty may contribute to spinal 
instability and can worsen the kyphosis in these patients and it 
has also been associated with mechanical neck pain (21, 28).

Various laminoplasty techniques have been described to 
avoid the disadvantages and complications of the procedure. 
All of these variations are designed to reposition the laminae 
for the purpose of expanding the spinal canal while retaining 
the dorsal elements to protect the dura from scar formation 
and to preserve postoperative cervical stability (12, 16, 21-23, 
28).

The purpose of this study was to evaluate the clinical success 
of en bloc laminoplasty and the impact of arcocristectomy on 
postoperative axial pain in patients with CSM.

█    mATERIAl and mEThODS
The study population consisted of 81 consecutive patients 
with CSM who underwent en bloc cervical laminoplasty while 
preserving the posterior structure during the period from 
2007 to 2014. Radiological and clinical data were collected 
retrospectively. Patients who presented with symptoms and 
magnetic resonance imaging (MRI) findings consistent with 
CSM and without kyphosis were included in the study. Patients 
who had a straight cervical spine were also included. Patients 
with cord compression caused by an isolated central disc 
herniation, those with moderate or severe cervical kyphosis, 
or a history of tumor or injury were not included. MRI findings 
were consistent with myelopathy secondary to multisegmental 
cervical spondylotic stenosis in all patients that presented 
with the symptoms of myelopathy. Neurological condition 
was assessed by using modified Japanese Orthopedic 
Association (JOA) scale score (3). The postoperative recovery 
rate was calculated according to the Hirabayashi method 
(10): Recovery rate (%)=(postoperative JOA-preoperative 
JOA)/(18-preoperative JOA)×100. Pain was assessed by the 
visual analog scale (VAS). A neutral lateral radiography of the 
cervical spine was taken preoperatively and at last follow-up. 
Cervical spine lordosis was measured by calculating the angle 
between the line passing parallel to the lower endplate of C2 
and upper endplate of C7 (14).

This study was carried out following the ethics committee 
approval, decision number 2016-145 and date 19.02.2016, of 
the Erciyes University Medical Faculty and a signed informed 
consent was obtained from all participants who were included 
in this study for the posterior cervical surgical procedure.

Surgical Technique

Laminoplasty was included in upper and lower levels of 
compression. The head was positioned prone and then 
immobilized by a Mayfield three-point head holder (Mayfield 
head holder; OMI surgical products, Cincinnati, OH, USA). A 
standard midline incision was made to expose the spinous 
processes from C2 to C7 for a typical C3-C6 laminoplasty. 
The subperiosteal dissection of muscles from spinous 
processes to middle of lateral mass was performed. All 
ligaments such as supraspinous and interspinous ligaments, 
ligamentum flavum and facet joint capsules were preserved. 
Muscles attached to the spinous processes of C2 and 
C7 were preserved. The junction of facet and lamina was 
identified. Keyhole foraminotomies were also performed in 
patients with radicular pain. A drill was used to drill a gutter at 
the medial margin of the facet through the cancellous portion, 
but not through the inner cortex on the side of the open-door 
“hinge”. A gutter on the contralateral side was similarly made, 
except that it penetrated the inner cortex and the canal (as in 
complete laminectomy). Using angled curettes, the open side 
was slowly lifted. The “door” is generally opened on the more 
symptomatic side. Any sublaminar adhesions were dissected 
free. The elevated lamina was fixed to lateral mass by placing 
titanium mini-plates and screws. 

If there was compression on C6-7 level, C7 arcocristectomy 
was performed. In the arcocristectomy technique, the upper 
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half of the laminae and ligamentum flavum were removed 
bilaterally. The C7 spinous process and nuchal ligament were 
therefore preserved. The illustrative cases are presented in 
Figures 1A-D and 2A-C.

All patients were mobilized on the postoperative 6th to 8th 
hours and wore a Nelson type collar for the first 2 weeks after 
surgery. Patients were discharged 24 to 48 hours after surgery. 

Statistical Analysis

Descriptive statistical analysis was performed using R 3.1.1 
(www.r-project.org, R Foundation for Statistical Computing, 
Vienna, Austria). 

█    RESUlTS
The mean age of the enrolled patients was 59.9±11.8 years. 
Most of the enrolled patients were male (64; 79%) versus 
female (17; 21%). The male/female ratio was 3.7/1. The 
follow-up period ranged from 12 to 24 months (average 15 
months). Mean JOA scale score was 11.4±2.4 preoperatively 
and 15.0±3.9 postoperatively. The JOA scale score did not 
worsen in any patient after surgery. The neurological recovery 
rate was 68.6%. VAS was 2.1±1.1 preoperatively and 1.3±0.6 
at 2 months of postoperative follow-up. Early postoperative 
axial neck pain was identified in most of patients but axial 
pain was decreased within 2 months. C7 arcocristectomy 
was performed in 19 patients. Keyhole foraminotomies were 
performed in 11 (bilateral in 2 and two levels in 5) patients. In 
all patients, preoperative radicular pain completely resolved 
after surgery. Temporary C5 nerve root palsy was observed 
in 3 patients. Mean cervical spine lordosis was 10.6o±10.5o 
preoperatively and 8.6o±9.5o postoperatively. Radiographically, 
a kyphotic deformity was not observed in any patient. No 
postoperative spinal instability was noted. 

█    DISCUSSION
Although decompressive cervical laminectomy can effectively 
enlarge the narrow spinal canal, it has severe complications 
such as segmental instability, kyphotic deformity, perineural 
adhesions, and late neurological deterioration. The 
laminoplasty techniques, a surgical alternative to laminectomy, 
are developed with the aim of preserving posterior structure 
to avoid kyphotic deformity and preservation of the range of 
motion of the cervical spine (10, 19). 

Indications for laminoplasty include multilevel cervical 
stenosis and compression to the spinal cord and OPLL (27). 
Cervical laminoplasty in patients with multisegmental spinal 
cord compression provides good neurological results and has 
a lower incidence of complications such as axial neck pain, 
loss of lordosis or kyphosis, instability and post-laminectomy 
membrane compared to laminectomy (12, 18, 24, 27, 28).

Matsunaga et al.(20) reported a higher postoperative kyphosis 
rate in the patients who underwent laminectomy (11 of 37; 
34%) compared to the patients who underwent laminoplasty 
(4 of 64; 7%). Heller et al. (8) reported that laminoplasty has 
some advantages in preserving the postoperative range of 
motion over laminectomy. Although kyphotic deformity is less 

seen after laminoplasty procedures compared to laminectomy, 
it is one of the major shortcomings of laminoplasty. Kimura 
et al. (16) stated that one of the plausible reasons for late 
deterioration was kyphotic deformity or instability after 
surgery. Postoperative kyphosis and segmental instability can 
cause neurological problems and are believed mainly to result 
from neck muscle and ligamentous disruption (12, 18, 27).

Disruption of posterior tension band and resection of 50% of 
the facet joint and capsule (32) and incorrect patient selection 
(patients with a lordotic angle of <10° and with kyphotic 
deformity) play an important role in postoperative kyphosis 
and resultant axial pain (28).

Adverse radiologic changes and axial neck pain after cervical 
laminoplasty have been reported as mostly resulting from 
neck muscle disruption, particularly detachment of muscle 
insertions to the C2 and C7 spinous processes (14, 25, 27, 
29). The possible causes of axial pain after laminoplasty were 
diffuse atrophy of the muscles attached to the nuchal ligament, 
ischemia of the shoulder muscles, and delayed union in the 
facet joints (13).

There are five muscles that attach to the C2 spinous process: 
the rectus capitis posterior major, the obliquus capitis inferior, 
the semispinalis cervicis, the multifidus and the interspinalis 
muscles. These are the extensor muscles attached to the C2 
spinous process, which have a role in extending and stabilizing 
the head and neck. Disruption of the extensor musculature 
of C2 during posterior surgery plays an important role in 
postoperative malalignment of the cervical spine (14, 15, 26).

The ligamentum nuchae constitutes a body of dense 
connective tissue from the bilaminar aponeuroses of the 
trapezius, rhomboideus minor, serratus posterior superior, 
and splenius capitis (15). The transverse portion of the 
trapezius muscle attaches from C7 to T5 spinous process 
and the rhomboid minor muscle attaches to C7 and T1 
spinous processes. Because the C7 spinous process has a 
critical role as a fulcrum for shoulder suspensory muscles, 
postoperative axial neck pain may be caused by injury to 
shoulder suspensory muscles after laminoplasty procedures 
including C7 spinous processes (25).

In this study, the posterior spinal elements such as spinous 
process, supraspinous and interspinous ligaments, 
ligamentum flavum and muscles attached to spinous process 
of C2 and C7 were preserved. Thus, postoperative deformity 
of the cervical spine could be avoided by means of posterior 
tension band preservation. The cervical spine was kept 
more stable compared with the results obtained after other 
expansive laminoplasty procedures (14).

The cervical lordosis decreases by age, particularly between 
50-60 years of age. The disc physiologically loses its elasticity 
and resiliency because of the dehydration during the normal 
life cycle. This alters the height and shape of the discs, which 
play a role in the loss of lordosis. The ligament contraction 
occurs by aging and this can also contribute to the changes 
in posture (2). In this study, 2o loss of lordosis angle was noted 
(from 10.6o±10.5o to 8.6o±9.5o). This decrease in lordosis 
may be attributable not only surgery but also to the changes 
related to aging. 
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Figure 1: A) A 43-year-old 
female patient. Sagittal 
T2-weighted MR images 
show multilevel spinal cord 
compression at the C3-
4, C4-5, C5-6 levels. The 
patient’s modified JOA score 
was 13. B) Anteroposterior, 
lateral, hyperflexion and 
hyperextension lateral 
preoperative cervical films 
are shown. The patient’s 
preoperative lordotic angle 
was 12o. C) A standard C3-6 
en bloc laminoplasty was 
performed. Her postoperative 
modified JOA score was 18. 
Sagittal T2-weighted MR 
images show adequate canal 
decompression after surgery.
D) Anteroposterior, 
lateral, hyperflexion and 
hyperextension postoperative 
cervical films are shown. 
The patient’s postoperative 
lordotic angle was 10o.

A

B

C

D
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Figure 2: A) A 51 years-old male patient. 
Sagittal T2 weighted MR images show 
significant spinal cord compression at 
the C4-5, C5-6 and C6-7 levels by the 
ossified posterior longitudinal ligamentum 
(OPLL). The patients’ modified JOA scale 
score was 10. B) Sagittal and axial CT 
scans show multiple OPLL, particularly at 
the C5-6 level, and resultant spinal canal 
stenosis. On lateral cervical plain film, his 
lordotic angle was 16o preoperatively.
C) A standard C4-6 laminoplasty and C7 
arcocristectomy were performed. The 
postoperative sagittal and axial MR images 
confirm adequate canal decompression 
after surgery. On lateral cervical plain film, 
the patient’s postoperative lordotic angle 
was 18o. His postoperative modified JOA 
scale score was 16.

A

B

C
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Morita D, Kato F: Cervical alignment and range of motion after 
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Another complication associated with laminoplasty is C5 root 
palsy. Posterior migration of the spinal cord and resultant 
nerve root tethering has been suggested as the major cause 
of this complication (30). We observed with this complication 
in three patients. This is generally a transient complication 
and all of them recovered within 2 months. After initial 
observation of this complication, we have performed C4-5 
foraminotomy immediately after en bloc laminoplasty to avoid 
this complication. We have not observed this complication 
after this process.

The technique of arcocristectomy was introduced as an 
alternative posterior surgical approach to laminoplasty and 
laminectomy in patients with multilevel CSM in order to 
prevent kyphotic deformity. In this technique, only the upper 
half of the cervical laminae and ligamentum flavum is removed 
to widen the spinal canal diameter (1). We have applied this 
technique to the patients whose C7 level must be included to 
surgical area. The supraspinous, the interspinous ligaments 
and muscle attachment to C7 spinous process were always 
preserved.

Hosono et al. (11) have reported that axial neck pain rate was 
29% in C3-7 laminoplasty and 5.4% in C3-6 laminoplasty. 
The results of arcocristectomy while preserving the nuchal 
ligament provides clinical and radiological outcomes that 
clearly superior to those of conventional C7 laminoplasty.

The posterior approach is an appropriate surgical option if 
multilevel spinal cord compression and predominant posterior 
spinal cord compression exist and the patient has a good 
lordosis too (18). En bloc cervical laminoplasty while preserving 
posterior structures of the cervical spine has allowed us to 
obtain very successful results and applying the technique of 
arcocristectomy contributed to the good results as well.

█    CONClUSION
En bloc cervical laminoplasty while preserving the posterior 
structure is useful to avoid postoperative spinal malalignment 
and axial pain. Arcocristectomy is an effective technique for 
the prevention of postoperative axial pain in patients with 
C6-7 spinal stenosis.
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