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We aimed to compare microscope-assisted anterior cervical surgery with traditional open-base surgery for
treating cervical ossification of the posterior longitudinal ligament (OPLL).

Patients were grouped into microscope-assisted anterior cervical surgery group (case group, n=30) and conven-
tional anterior cervical surgery group (control group, n=30). Baseline characteristics, intraoperative and post-
operative indexes including operation time, blood loss amount, duration of hospitalization, visual analogue
scale (VAS), and complication rate were recorded. The neurological functions of patients were assessed using
the Japanese Orthopaedic Association (JOA) score. Furthermore, the corresponding rate of improved JOA score
(RIS) in each group was also calculated to evaluate surgery outcomes.

The average blood loss amount and hospital stay duration in the case group were lower than in the control
group (p<0.05). The post-operative VAS scores of both groups were decreased significantly. Particularly the post-
operative VAS score in the case group was significantly lower than that in the control group (p<0.05). While the
improvement rate of JOA scores in the case group was significantly higher than that in control group after cer-
vical spine surgery. A significantly higher RIS rate was observed in the case group (p<0.05). Furthermore, post-
operative complications of patients in the case group were lower than those in the control group (p<0.05).
Compared to conventional anterior cervical surgery, surgeries operated with microscope exhibit higher effica-
cy and safety including less bleeding amount, shorter operation time, released pain degree, improved neuro-
logical functions, and fewer incidences of complications.

Electron Microscope Tomography ¢ Neck Pain e Ossification of Posterior Longitudinal Ligament

http://www.medscimonit.com/abstract/index/idArt/901981

Ba2eos BEne Mh_ BSs

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
3088 [ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]




Sun M. et al.:
Microscope and cervical surgery for OPLL
© Med Sci Monit, 2017; 23: 3088-3094

Background

Cervical ossification of the posterior longitudinal ligament (OPLL)
occurs when the posterior longitudinal ligament is pathologically
replaced by ectopic new bone formation [1]. Cervical OPLL main-
ly occurs in East Asian populations before 2012 [2], but nowa-
days, it has been identified as an etiology of spondylopathy re-
gardless of ethnicity [3]. Its symptom is the gradual heterotopic
coalescence of the centers of ossification and chondrification.
The ossified mass caused by cervical OPLL may be adherent to
the dura mater, and can therefore lead to surgery-related com-
plications and a high rate of iatrogenic neurological deteriora-
tion [4]. Cervical OPLL may often result in a narrow spinal canal,
and it has been reported as one of the causes for spinal cord
compression, which can lead to progressive radiculomyelopa-
thy [5,6]. Apart from that, cervical OPLL may trigger radiculop-
athy or cervical myelopathy [7,8], thereby affecting the spinal
centrum 5 (C5) [9]. OPLL usually requires surgical treatment in
cases of symptomatic progressive myelopathy. There is a variety
of surgical approaches for cervical OPLL, but the optimal surgi-
cal option has been controversial, because surgery for cervical
OPLL is complicated and may be accompanied by some unex-
pected complications [10]. Recently, many techniques aimed at
decreasing the risk of post-operative complications have been
reported, such as laser-assisted corpectomy [11], a specialized
microdissector [12], and micromanipulations [7]. Despite the
controversies, achieving decompression of the spinal cord is
the fundamental principle for managing cervical OPLL [13]. Two
surgical decompression approaches, including anterior decom-
pressive surgery and posterior decompressive surgery, are of-
ten carried out in cervical OPLL patients [14].

Anterior decompression and posterior decompression are used
to treat OPLL via discectomy/corpectomy and laminectomy/
laminoplasty, respectively [15]. Anterior decompression has
been reported to yield better outcomes compared to the pos-
terior approach for cervical OPLL [16]. However, an anterior
approach also has some disadvantages, such as high rates of
pseudarthrosis. Besides, it may also be accompanied by some
post-operative complications. These post-operative complica-
tions may significantly decrease the well-being of patients who
may subject to additional surgeries after the first operation.

As a result of this, selecting an appropriate surgical manage-
ment approach for cervical OPLL is a key to avoid the afore-
mentioned issues and special care should be paid during the
surgical removal of the posterior longitudinal ligament mass.
It has been reported that microscope-assisted anterior proce-
dures may provide crucial imaging information which may result
in a reduced risk of neurologic complications [17]. Researchers
also found that combined use of a microscope and CO, laser
with posterior foraminotomy is an effective surgical procedure
for cervical radiculopathy. There is significant improvement in
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clinical outcomes when the use of a microscope is introduced
into surgical procedures [18]. Therefore, anterior microscopic
decompressive surgery may be considered as a surgical option
for cervical OPLL. This study was designed to compare the ef-
ficacy and safety of microscope-assisted anterior procedures
and conventional open surgeries for cervical OPLL.

Material and Methods

Patients

A total of 60 consecutive OPLL patients admitted to Yantai
YEDA Hospital from March 2014 to May 2016 were recruited
into the present study. Baseline characteristics, clinical and fol-
low-up data of the included patients were respectively record-
ed to complete the retrospective analysis. Thirty patients who
underwent microscope-assisted anterior cervical surgery were
classified as the case group (mean age of 55.2+11.1 years, 18
males and 12 females) while the other 30 patients were allo-
cated to the traditional anterior cervical surgery as the control
group (mean age of 54.8+10.7 years, 21 males and 9 females).
All the patients provided written informed consent and were
followed up for 12 months [19]. Approval of the study was
obtained from the ethics committee of Yantai YEDA Hospital.

Inclusion, classification and exclusion criteria

All the patients were diagnosed with cervical OPLL according to
imaging studies, including x-ray (lateral cervical spine and cervi-
cal flexion and extension position), computed tomography (CT)
(combination of three-dimensional reconstruction) and mag-
netic resonance imaging (MRI). OPLL patients were diagnosed
and classified based on the cervical spine radiographs and CT
sagittal reconstruction of two-dimensional sheet, in combina-
tion with Japanese Orthopaedic Association (JOA) scores [20].
The segmental ossification focus was located in the back of
each vertebral body and appeared in a single type and was
not connected between the up and the down side. Moreover,
there was a gap between the ossification sheet and the verte-
bral body; continuous ossification focus appeared like a ribbon
or streak, spanning two or more segments; hybrid ossification
focus exhibited the characteristics of both segmental type and
continuous type as mentioned earlier; localized ossification fo-
cus was confined to the deep ligament of the trailing edge of
the posterior disc, leading to the formation of isolated ossifica-
tion focus with local block carina. The spinal stenosis rate was
calculated based on CT images. Spinal stenosis rate=maximum
thickness/the corresponding planar sagittal diameter x100%.

Patients with cervical or thoracic yellow ligament hypertrophy
or ossification, vertebral OPLL, brain or spinal cord disease, and
a history of spinal trauma were excluded.
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Surgical procedures

For the case group, under the condition of general anesthesia
or cervical plexus block anesthesia, the oblique incision was
exposed after routine anterior cervical surgery. Then taking the
bending point in the lateral anterior hook, which was project-
ed to the continuation in the front edge of the vertebral body
as the safety limit for decompression of the vertebral body in
the anterior half part, we resected the intervertebral disc of
lesions under the naked eye, and microscope-decompression
was performed as follows. The eyepiece was adjusted to the
appropriate working distance in order to optimize the endo-
scopic operation. The posterior longitudinal ligament was re-
sected completely under a microscope.

For the control group, the intervertebral discs of lesion areas
were handled under the naked eye with the same method de-
scribed in the case group. Longitudinal ligament hook was in-
serted into ligaments through the fiber direction at a relative-
ly normal part (or at normal ligament junction part), rotated
and lifted up carefully. Then the dagger was incised and gen-
tly dissected into the posterior longitudinal ligament from the
epidural space. Furthermore, ultrathin gun forceps were em-
ployed to bite and excise the ossification part of the posteri-
or longitudinal ligament gradually [21].

Observation indexes

We recorded the operation time, blood loss, length of hospi-
tal stay, post-operative complications and image assessment
of patients in each group. We also used visual analogue score
(VAS) in order to evaluate the various degrees of pain: 0 stands
for painless; 3 points or less indicate that there is a slight but
tolerable pain; 4-6 points indicates pain which can affect the
sleep of patients; 7-10 points indicates intensive pain which
affect both the appetite and sleep of patients. The JOA score
was used to evaluate the neurological functions of patients
before and after their operation. Rate of improved JOA score
(RIS) = (post-operative score—pre-operative score)/(17 — pre-
operative score) x100%. According to the improvement rate,
curative effect was assessed as following: RIS >75% means ex-
cellent, 50%< RIS <75% means good, 25%< RIS <50% means
moderate, RIS <25% means poor. Excellent rate=(excellent cas-
es + good cases)/total cases x100%. The corresponding rate
between the two groups was compared to determine wheth-
er the results were significantly different [22,23].

Statistical analysis

All data analyses were performed with GraphPad Prism 6.0.
Count data was analyzed using the chi-square test and mea-
surement data were depicted by mean value + standard devi-
ation (¥+s). Measurement data between the two groups were
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compared using the t-test if the normality assumption was ful-
filled; otherwise, the rank sum test (Mann-Whitney test) was
performed. A p<0.05 was considered as statistically significant.

Results

Baseline characteristics of the case and control groups

Patients in the case group underwent microscope auxiliary an-
terior surgery while patients in the control group underwent
conventional anterior surgery. The baseline characteristics in-
cluded gender, age, course of disease, pre-operative JOA score,
spinal canal stenosis rate, and diagnosis were compared be-
tween the two groups. The difference did not appear to be sta-
tistically significant (p>0.05), as shown in Table 1.

Comparative surgical status in two surgical procedures

The average operation time showed no statistical significance
(p>0.05) between the two groups; patients with convention-
al anterior surgery (the control group) had higher intraoper-
ative blood loss amount than those with microscope-assist-
ed anterior surgery (the case group), and the corresponding
difference was statistically significant (p<0.001). The average
hospitalization day in the case group was significantly less
than that of the control group (p<0.05), as shown in Table 2.

Improvement of pain release

VAS scores in the case group before and after treatment were
7.8%1.5, and 3.1+0.5, respectively. For the control group, VAS
scores before and after treatments were 7.5£1.9 and 4.8+1.1,
respectively. Therefore, the average VAS scores after treatment
in both the control and case group were significantly decreased
compared to scores before treatment. Decline in the average
VAS score in the case group was more significant compared
to that in the control group as shown in Table 3.

Comparison of neurological functions and improvement
rate

JOA score was used to assess patients’ neurological functions
and then we calculated the corresponding improvement rate
of post-operative neurological functions in each group. The
case group exhibited an average pre-operative JOA score of
9.27+1.81 and its 12-month average post-operative JOA score
was 15.77+1.08. Therefore, the average post-operative JOA
score was significantly higher than that prior to the operation
in the case group (p<0.001). In the control group, the average
pre-operative score of 9.12+1.48 and the 12-month average
post-operative JOA score with an average of 14.37+1.71, in-
dicating that the average post-operative JOA score was also
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Table 1. Baseline characteristics of patients included in the case group and control group.

Case group Control group P-value
Sample size 30 30
 Gender (ale/Female) w2 0 oam o417t
CAgelyear) ssoelll sage107 0980
| Course of disease (month) 2798207 87¢182 0823
Preoperative JOAscore o27¢181 o12:148 0599*
COPlLsocietyoflapan
"""" localized type 3 a4
"""" Continuoustype o 10
——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— 0.697*
Segmental type 9 12
"""" Mixedtype 7 a4
spinalstenosisrate %) - saz105 s6:113 098"

* Using the rank sum test (Mann-Whitney test); # using chi square test. JOA — Japanese Orthopaedic Association; JOA — Japanese
Orthopaedic Association; OPLL — ossification of posterior longitudinal ligament; OPLL — ossification of posterior longitudinal ligament.

Table 2. Comparative operation status between the case group and control group.

Case group Control group P-value

Operative time (min) 133.1+19.0 137.8428.2 0.465*
 Intraoperative blood loss amount (m) saasine 1281155 <0001*
Hospitalization days (day) 712 7se7 0029*

* Using the rank sum test (Mann-Whitney test).

Table 3. Improvement of pain release in the case group and control group.

Pre-operative VAS score Post-operative VAS score P-value®

Case group 7.8+1.5 3.1+0.5 <0.001*
”””””””” Controlgrowp  7se19 a1 0001*
”””””””” pvaue o7 <ot

* Using the rank sum test (Mann-Whitney test); 2 comparisons of the VAS score in the case group and the control group; ® comparisons
of the preoperative VAS score and the postoperative VAS score in the two groups.

Table 4. The improvement of neurological functions in the case group and control group.

Pre-operative JOA score Post-operative JOA score Improvement rate (%) pt
Case group 9.27+1.81 15.77+1.08 80.35+12.05 <0.001*
"""" Controlgroup  912:148 14374171 65432216 <0001*
"""" pvalue  ose* oo oo

* Use the rank sum test (Mann-Whitney test); 2 comparisons of the JOA score in the case group and the control group; ® comparisons
of the preoperative JOA score and the postoperative 12-month JOA score.
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Table 5. Evaluation of curative effectiveness in the case group and control group.

Evaluation of outcomes

Rate of excellent

and good (%)

Case group 22 7
Control group 10 10
P-value 0.002* 0.390*

1 0 96.67
9 1 66.67
0.006* 0.313* 0.003*

* Using chi square test.

Table 6. Post-operative complications in the case group and control group.

Cerebrospinal fluid  Recurrent laryngeal nerve Postoperative wound Total
leakage injury infection complications
Case group 0 2 3
””””” Contolgowp 2 3 & 13
””””” pvave o o3  oos  ooo#

* Using chi square test.

significantly higher than that prior to the operation in the con-
trol group (p<0.001), as shown in Table 4.

The average improvement rate of neurological functions in
the case group was 80.35+12.05%; however, this figure was
65.43+22.16% in the control group. Hence, the improvement
rate of neurological functions in the case group was significant-
ly higher than that in the control group (p=0.013), as shown
in Table 4. According to the improvement rate, we evaluated
the efficacy of different surgical approaches for each patient
and calculated the corresponding rate of excellent and good
cases. The rate of excellent and good cases was 96.67% in
the case group, while it was only 66.67% in the control group.
Therefore, the rate of excellent and good cases in the case
group was significantly higher than that in the control group
(p=0.003), as shown in Table 5.

Post-operative complications

In the case group, there was one case of post-operative recur-
rent laryngeal nerve (RLN) injury which was recovered after two
weeks, and two cases of post-operative wound infection with-
out other complications. In the control group, there were two
cases of complication with cerebrospinal fluid leakage and the
two patients were managed by gelatin sponge pack and local
injection with biological protein glue. These patients healed
after one week. In addition, there were three cases with re-
current laryngeal nerve injury with spontaneously recovered
in two weeks without any special treatment, and eight cases
of post-operative wound infection. In summary, the total num-
ber of complications in the case group was significantly lower

than that in the control group (p<0.01), as shown in Table 6.
Therefore, the operation safety and prevention of complica-
tions can be achieved by implementing the use of a micro-
scope during surgical procedures.

Discussion

OPLL is a common cause of both cervical myelopathy and radic-
ulopathy in Asian populations [22]. Although there have been
extended debates over its surgical procedures, including an-
terior and posterior cervical decompression, accumulated ev-
idence still suggests that anterior cervical decompression can
achieve more satisfactory clinical outcomes particularly for se-
vere multilevel OPLL [16,22,24-26]. Many techniques for de-
creasing the risk of complications associated with the anteri-
or cervical decompression have been demonstrated in several
research studies, and they generally include the floating meth-
od, the use of microscopes, diamond-tip burrs, and laser-as-
sisted corpectomy [17,26]. The use of a microscope provides
compelling clinical outcomes since it reduces the risk of com-
plications and minimizes the damage of pre-vertebral soft tis-
sues [17,27].

We conducted a retrospective case-control study which involved
the corresponding clinical data of 60 OPLL patients in order to
compare the efficacy and safety between microscope-assist-
ed anterior cervical decompression and conventional anterior
cervical decompression. With the use of a microscope, the av-
erage intra-operative hemorrhage volume, hospitalization du-
ration, and post-operative VAS score decreased significantly,
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while the corresponding post-operative cervical JOA score, the
improvement rate and the RIS excellence rate increased dra-
matically. Meanwhile, lower incidence of post-operative com-
plications in the case group further exhibited the high effica-
cy and safety of anterior cervical surgery with a microscope
in managing OPLL.

Previous studies have revealed that outstanding outcomes can
be obtained from anterior cervical decompression. Mizuno and
Nakagawa published their investigation of 107 OPLL patients
with a 6-month follow-up period and these patients were treat-
ed by either anterior cervical decompression or direct removal
of the ossified mass [28]. They discovered that 104 patients
developed myelopathy and three patients who developed ra-
diculopathy were alleviated [29]. Odate et al. found that the
average recovery rate of JOA score in 68 OPLL patients with
an average follow-up period of 29.6 months was 63.0+32.3%
after anterior cervical decompression and fusion (ACF) com-
bined with an anterior cervical plate [26]. Kojima et al. also
reported that 87% of their patients with multiple spondylo-
sis and OPLL were alleviated neurologically after ACF [30] and
Eleraky et al. found that 86.5% of their patients displayed neu-
rological improvements after the use of anterior cervical de-
compression [31]. Compared with other studies, our study had
one distinct advantage: patients were followed for at least 12
months and our study design may provide more information
with respect to the long-term effects of anterior cervical de-
compression on OPLL patients. Introducing a microscope into
anterior cervical surgery allows improvements in hospitaliza-
tion duration, hemorrhage volume, post-operative VAS score
(pain), JOA score (neurological function) and the excellent rate
(curative effect) in OPLL patients.

Among all potential complications associated with anterior
cervical decompression, neurological iatrogenic deterioration
appears to be very common in OPLL patients [32,33]. Several
studies showed an amelioration of neurological deterioration in
different operative techniques including microscope, diamond-
tip burrs, and laser-assisted equipment [11,34]. Relevant stud-
ies also indicated that OPLL patients who were conducted with
anterior cervical decompression and fusion had no significant
neurological complications and a neurological deterioration
rate of 0-7% might be observed in MOPLL patients who were
conducted with anterior cervical decompression [22,27,35]. In
our study, introducing a microscope into anterior cervical sur-
gery among OPLL patients is able to reduce the risk of post-
operative complications such as neurological deterioration.
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erage intra-operative hemorrhage volume, hospitalization du-
ration, the post-operative VAS score, post-operative JOA score,
the improvement rate, the excellent rate, and the incidence of
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