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Abstract

Background: The open-door laminoplasty is an effective procedure for the treatment of cervical spondylotic mye-
lopathy. However, little information is available about the surgical results of open-door laminoplasty in the treatment
of intraspinal tumors. In the present study, we aimed to investigate the clinical effect of open-door laminoplasty with
ARCH plate fixation in the treatment of cervical intraspinal tumors.

Methods: This was a retrospective study. From January 2013 to May 2018, 38 patients (13 males and 25 females, the
average age of 44+ 17 years) with cervical intraspinal tumors underwent open-door laminoplasty with ARCH plate
fixation in our hospital. The operation time, blood loss, pre- and postoperative visual analog scale (VAS), and Japanese
Orthopedic Association (JOA) scores were determined. To determine the radiographic outcomes, cervical X-ray film
and magnetic resonance imaging (MRI) were performed before and after the operation, and cervical X-ray sagittal film
was used to measure Cobb angle. The clinical data before and after the operation were compared by t-test.

Results: A total of 38 patients underwent a successful operation and demonstrated primary healing. The aver-

age operation time was 113+ 12 min. The average blood loss was 120+ 19 mL. All patients were followed up for

26.1 £ 2.8 months, and the final follow-up time was more than 24 months. VAS scores were much better at 24 months
after operation compared with those before the operation, which were decreased from 6.1+ 1.1to 1.4+£0.7
(t=32.63,P<0.01). The JOA score was improved from 9.9+ 1.5t0 155+0.6 (t=— 1836, P <0.01), and the mean JOA
recovery rate was 79% = 11% at 24 months after the operation. There was no significant difference in Cobb angle
between pre-operation and 24 months after the operation, which was 9.8+ 2.6 and 10.3£ 3.1 respectively (t=— 0.61,
P>0.05). Neither spinal malalignment on the coronal plane nor displacement of the laminoplasty flap was observed
on postoperative cervical X-ray and MRl examinations at the final follow-up.

Conclusions: Open-door laminoplasty with ARCH plate fixation was a safe and effective surgical approach for the
treatment of cervical intraspinal tumors.
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Background

Due to the compression of intraspinal tumors, spinal cord

and nerve roots may have severe dysfunction. The most
*Correspondence: wt18661809505@163.com common procedure for intraspinal tumors is the classical
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safe extirpation of spinal tumor. However, the invasion
of hematoma and scar tissue into the spinal canal is the
potential problems. The lamina, facet joint, supraspinous
ligament, interspinous ligament, and ligamentum flavum
are the important components of the posterior column of
the spine. The biomechanical stability of the spine is most
affected by the removal of the posterior column structure
of the spine. This situation usually leads to spinal struc-
ture instability and kyphosis, especially for patients with
cervical intraspinal tumors [1-3]. Zong et al. [4] have
reported that the total laminectomy and screw-rod inter-
nal fixation significantly reduced the incidence of spinal
structural instability and kyphosis to some extent, com-
paring with the classical total laminectomy, in short-term
follow-up. However, due to the loss of posterior bone
structure, the scar tissue is still the risk of spinal cord
compression after operation [1, 5, 6].

At present, the importance of rebuilding the stability
of the spine is recognized by more and more surgeons.
Laminoplasty has the obvious advantage of reducing
the postoperative risks of classical total laminectomy by
rebuilding the integrity of the posterior elements. Follow-
ing the first report of lamina replantation by Raimondi
in 1976 [7], a variety of laminoplasty, with a good satis-
factory surgical results, has been used to treat patients
with intraspinal tumors [5, 6, 8—10]. In addition, because
the laminoplasty retains the relatively normal posterior
structure, it can help avoid the epidural scar adhesion
and contraction of the dura mater. Laminoplasty also
makes revision surgery easier and safer than laminec-
tomy when intradural tumors recur [6].

Among them, although Iplikcioglu et al. [10] have
reported that 13 patients with intraspinal tumors are
treated with open-door laminoplasty, the patients are
mainly associated with thoracic or lumbar intraspinal
tumors. In the present study, we aimed to investigate
the clinical effect of open-door laminoplasty with ARCH
plate fixation in the treatment of cervical intraspinal
tumors.

Methods

Patients

This study involved a retrospective design. The partici-
pants consisted of 38 patients who underwent the open-
door laminoplasty with ARCH plate (Johnson & Johnson
Inc. America) (Fig. 1) fixation to treat cervical intraspinal
tumors between January 2013 to May 2018. All patients
were diagnosed by conducting physical examinations
using cervical X-ray, computed tomography (CT), and
magnetic resonance imaging (MRI). After the lesions
were found by routine scan, enhanced scanning was per-
formed to clarify the scope and size of the tumor as well
as its relationship with the spinal cord, cauda equina, and
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Fig. 1 Arch plates and titanium screws used during operation.
Hand-drawn schematic diagram of ARCH plate and titanium screws

nerve root. All patients who met the following criteria
were included in the study: (1) all patients with intraspi-
nal tumors underwent an operation for the first time;
(2) no spinal structure destruction or spine instability;
(3) clinical and pathological data were complete; (4) all
patients were followed up for at least 2 years. Exclusion
criteria were as follows: (1) facet joint was destroyed, (2)
patient suffered from tumor recurrence, and (3) lesions
led to spinal destruction and instability. This study was
conducted following the Declaration of Helsinki, and
approved by the Ethics Committee of the Affiliated Hos-
pital of Qingdao University (Qingdao, China). Written
informed consent was obtained from all participants.

Surgical technique

The patients were administered with general anesthe-
sia through tracheal intubation, and the operation was
performed in the prone position. A median incision
was made according to the location of the tumor, which
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was determined by MRI before the operation, and the
paraspinal muscles were dissected and separated under
the periosteum to carefully preserve the facet joint cap-
sule. The spinous process and vertebral lamina were
exposed, while the supraspinous and interspinous liga-
ments remained intact (Fig. 2a). A groove was first
made with a grinding drill (2-3 mm), and then a mini-
mum laminotomy was performed using fine rongeurs
(1 mm) inside the facet joints of the open side. The
decision of laminotomy on one side was made based on
the location of the lesions in the spinal canal. For lat-
erally placed lesions, the laminotomy was performed
on the same side. For lesions located in the center of
the spinal canal, laminotomy was performed on the left
side. On the opposite side, a grinding drill was used to
make grooves on the medial side of the facet joint and
the lateral cortical bone of the lamina (Fig. 2b, c), and
the supraspinous ligament and interspinous ligament of
the head and tail segments of the lamina were cut off.
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The lamina was lifted, the spinous process was pushed
back to create a contralateral green stick laminar frac-
ture, and the laminae were then placed as a block over
the paravertebral muscles. Moreover, a spreader was
used to expose the visual field of the operation (Fig. 2d).
Subsequently, a longitudinal incision was made at the
center of the posterior dura mater under a microscope
and pulled to open with silk thread. Complete sepa-
ration and resection of the tumor were carried out to
decompress the spinal cord (Fig. 2e, f). A waterproof
suture was used on the dura mater after tumor resec-
tion (Fig. 2g). Next, the lamina was reduced. After holes
were made in the spinous process and lateral mass, they
were fixed with titanium screws and ARCH plates. The
suture line of the tendon was used to fix the supras-
pinous ligament of the head and tail of the lamina to
further maintain the replantation of the lamina in situ
(Fig. 2h). The tube placement was drained, and then the
incision was washed and closed at each layer.

to fix the supraspinous ligament of the head and tail of the lamina

Fig. 2 Hand-drawn schematic diagram of surgical procedure a The paraspinal muscles were dissected and separated under the periosteum

to expose the spinous process and lamina, while the supraspinous and interspinous ligaments remained intact. b, ¢ Minimal laminotomy was
performed on the open side, and a green stick fracture was formed on the opposite side. d A stretcher was used to expose the visual field of the
operation. e, f A longitudinal incision was made at the center of the posterior dura mater under a microscope and pulled open with silk thread.
Complete separation and resection of the tumor were performed to decompress the spinal cord. g Waterproof suture was performed on the dura
mater after tumor resection. h The lamina was reduced and fixed with titanium screw and ARCH plate. Moreover, the suture line of tendon was used
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Postoperative management

Antibiotics were used prophylactically for 48 h after the
operation, and the deterioration of neurological symp-
toms and drainage were observed. If there was no cere-
brospinal fluid (CSF) leakage, the patient could pull out
the drainage tube 24 h after the operation. If there was
CSF leakage, CSF drainage was controlled within 150—
200 mL every day until the drainage was clear. The drain-
age tube was pulled out, and the wound was pressurized
and bandaged [11]. The patient was allowed to get out of
bed under the protection of a neck brace. The neck brace
was removed 1 month after the operation.

Outcome evaluation

Clinical data

All patients were followed up for at least 2 years. The
operation time, blood loss, pathological type of tumor,
and any postoperative complications were recorded.
Neck pain was evaluated using a 10-point visual
analog scale (VAS) preoperatively as well as 3 months,
12 months and 24 months post-operatively. The neuro-
logical status was evaluated using the Japanese Ortho-
pedic Association (JOA) scores preoperatively as well
as 3 months, 12 months and 24 months post-opera-
tively. The JOA recovery rate at 24 months postopera-
tively, which represents the degree of normalization
after surgery, was calculated using the Hirabayashi for-
mula: (Postoperative score — Preoperative score) x 100/
(17 — Preoperative score).

Radiographic data

To determine the level of internal fixation and spinal
stability, cervical X-ray film examination was performed
under the upright conditions at 1 day before the opera-
tion, as well as 1, 3, 6, 12 months, and annually post-oper-
ation. The cervical X-ray sagittal film in the upright state
was used to measure the Cobb angle, which was defined
by measuring the angle between the horizontal line at
the lower edge of the C2 and C7 vertebrae. When the
change between preoperative and postoperative angles
was more than 10°, the operative segment was considered
to be unstable. At 12 months after the surgery, MRI was

Table 1 Preoperative and postoperative data of patients
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performed to detect tumor recurrence and scar oppres-
sion in the spinal canal, as well as the repair of the liga-
ments. All radiologic measurements were reviewed by
two experienced spinal surgeons.

Statistical analysis

Data were presented as means + standard deviation (SD).
A paired t-test was used to statistically analyze the differ-
ence between the preoperative and postoperative scores.
A P value of<0.05 or<0.01 was considered statistically
significant.

Results

The participants included 13 males and 25
females, and their ages ranged from 14 to 75 years
(mean=44+17 vyears). The tumors involved in two,
three, and four vertebral segments were found in 18
patients, 14 patients, and six patients, respectively.
A total of 102 segments underwent laminoplasty. All
patients were followed up for 26.1 +2.8 months, and the
final follow-up time was more than 24 months.

Clinical evaluation

All patients underwent a successful operation and
demonstrated primary healing. The average opera-
tion time was 113+ 12 min. The average blood loss was
1204+19 mL. Histological diagnoses were schwannoma
in 25 patients, and ependymoma in seven patients, while
meningioma or ganglioneuroma was respectively found
in three patients. The pain and numbness were signifi-
cantly relieved or disappeared following the operation.
The VAS scores were much better 24 months after the
operation compared with those before the operation, and
they were decreased from 6.1 £1.1 to 1.4+0.7 (t=32.63,
P <0.01). At 24 months after the operation, the JOA score
was improved from 9.9+1.5 to 15.5+0.6, attaining sig-
nificant improvement (t=— 18.36, P<0.01) (Table 1).
The JOA recovery rate at 24 months after the operation
was 79% +11%.

[tems Pre-operation 3 Month after 12 Months after 24 Months after Pre-operation vs 24 months
operation operation operation after operation
Mean (SD) Mean (SD) Mean (SD) Mean (SD) t P
VAS 6.1+1.1 21409 1.5+08 14407 3263 <0.0001
JOA scores 99415 13£1.1 151408 155406 — 1836 <0.0001
Cobb angle (°) 98426 97421 10.1+£27 103431 — 061 0.581

VAS visual analog scales, JOA Japanese Orthopedic Association scores, Cobb Angle the angle between the horizontal line at the lower edge of the C2 and C7 vertebrae

*P<0.01 vs pre-operative score
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Radiologic evaluation

Neither spinal malalignment on the coronal plane nor
displacement of the bone flap was observed on post-
operative cervical X-ray film examinations. There was
no significant difference in Cobb angle before and
24 months after operation (t=— 0.61, P>0.05) (Table 1).
At 12 months after the operation, MRI showed that
the supraspinatus ligament was repaired and no tumor
recurrence and epidural scar.

lllustrative case

Case 3. The patient had neck and shoulder pain as well
as left upper limb numbness for 3 years. Admission for
physical examination: left upper limb skin hyperalgesia
and left upper limb muscle strength III-IV grade. Hoff-
mann sign (4) and Babinski sign (+4). Cervical MRI
showed that the intraspinal space was occupied by a
lesion at C3-4 levels (Fig. 3a, b). The preoperative VAS
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score was 6, the JOA score was 8, and the Cobb angle
was 9° (Fig. 3e). Open-door laminoplasty in combination
with ARCH plate fixation was given for the treatment of
intraspinal lesion (Fig. 4). After the operation, the post-
operative pathological diagnosis was schwannoma. At
1 month after the operation, the neck and shoulder pain
disappeared, the numbness and weakness of the left
upper limb were relieved, and there were no complica-
tions, such as CSF leakage. At 3 months after the oper-
ation, the VAS score was 3, and the JOA score was 13.
At 12 months after the operation, the VAS score was 1,
the JOA score was 15. At 24 months after the operation,
the VAS score was 1, the JOA score was 15 and the JOA
recovery rate was 78%. At 12 months after the opera-
tion, the cervical MRI showed that the ligaments were
repaired and healed (Fig. 3¢, d). There were no intraspi-
nal scar adhesions or restenosis. At 12 months after the
operation, the cervical X-ray plain showed that the Cobb

Fig. 3 Case 3.The schwannoma at the C3-4 level. a, b Prior to surgery, MRl identified that the C3-4 spinal space was occupied by the tumor. ¢, d
At 12 months after the surgery, no intraspinal scar adhesions or restenosis were identified by MRI. e Prior to surgery, cervical X-ray examination was
performed under the upright conditions. f, g At 12 months and 24 months after the surgery, X-ray examination indicated no fixation transposition
or fracture, cervical instability or kyphosis
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ligament of the head and tail of the lamina

Fig. 4 Case 3.aThe paraspinal muscles were dissected and separated under the periosteum to expose the spinous process and lamina, while the
supraspinous and interspinous ligaments remained intact. b The visual field of the operation was exposed. ¢ The tumor was completely separated
and removed under the microscope. d A completely resected tumor. e Waterproof suture was performed on the dura mater after tumor resection.
f The lamina was reduced and fixed with titanium screw and ARCH plate. Moreover, the suture line of tendon was used to fix the supraspinous

angle was 12° (Fig. 3f). At 24 months after the operation,
the cervical X-ray plain showed that the Cobb angle was
14° (Fig. 3g).

Discussion

Intradural extramedullary spinal tumors account for two-
thirds of all intraspinal neoplasms [12]. Among them,
three-fourths of intradural extramedullary spinal tumors
are benign tumors with progressive aggravation [13]. Due
to the risk of oppressing the spinal cord and nerve root,
early tumor resection and spinal cord decompression
can improve neurological function, reduce postoperative
complications and decrease the risk of surgical opera-
tion [14]. According to the position relationship between
spinal cord and tumor, the surgical approach is generally
divided into the posterior approach, anterior approach,
and combination of anterior and posterior approach.
However, the anterior approach is difficult to expose
and easy to damage blood vessels and nerves. Besides,

the incidence of intraspinal tumors in the dorsal spinal
cord is much higher than that in the ventral spinal cord.
Therefore, the posterior approach has become a routine
surgical approach [8].

The safe excision of spinal tumors depends on sufficient
visualization of the tumor and surrounding structures
[15]. Historically, classical total laminectomy has been
used as the most common approach. However, accord-
ing to the Denis’s "three-column theory" of the spine,
lamina, facet joint, spinous process, ligamentum flavum,
interspinous ligament and supraspinous ligament are the
important components of the posterior column of the
spine, taking 24 to 30% pressure and 21 to 54% rotational
stress [16, 17]. But the classical total laminectomy com-
pletely removes the posterior column structure of the
spine. This surgical method may provide surgeon with
the wider area of the spine during surgery, helping the
complete resection of intraspinal tumor. But a series of
complications, associating with weak bone protection,
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include postoperative spinal instability, kyphosis and
symptomatic epidural scar formation. Among them, the
most common complication is kyphosis [1-3, 18, 19],
especially for patients with cervical intraspinal tumors.
At the same time, Jiang et al. [20] indicated that supras-
pinous and interspinous ligaments are rich in nerve fibers
and histologically proved to be afferent nerve fibers. For
the existence of ligaments, the contraction of neck and
back muscles can be regulated by the ligament-nerve-
muscle nerve reflex system leading to the fine movement
and posture of the spine [21].

Therefore, the basic principle of intraspinal tumor
operation not only is the complete removal of intraspi-
nal tumors but also the protection of spinal anatomical
structure and function [22]. A variety of modified lami-
nectomy and laminoplasty have been introduced as an
alternative option of total laminectomy. Several reported
methods include the hemi-laminectomy and hemi-lami-
noplasty [8, 23-25], process-splitting hemi-laminoplasty
[9] and the lamina fenestration [26]. Beside, Csaba et al.
[27] have performed that different intramedullary pathol-
ogies which located in the midline of the spinal canal
resection with the para-split laminotomy approach, by
which certain surgical results are achieved. The common
advantages of these procedures include the little influence
on the original anatomical structure and biomechanical
relationship of the spine, which helping the reduce of the
complication occurrence such as kyphosis and cerebro-
spinal fluid leakage. However, as to the intramedullary
tumors, larger tumors and tumors closely adhered to
the spinal cord and peripheral nerve roots, these surgi-
cal methods do not provide surgeon with sufficient vision
of surgical field [28]. The open-door laminoplasty not
only can completely lift the lamina to help surgeon have
a wide surgical field vision for the complete removal of
intraspinal tumors, but also restore the anatomical struc-
ture and function of the spine after tumor resection. This
approach greatly made up for the deficiency of the men-
tioned operation methods. Another advantage of lamina
anatomical reduction is to avoid dural sac and nerve root
fibrosis adhering to adjacent tissues due to the loss of
normal bone coverage in the posterior wall of the spinal
canal, resulting in iatrogenic spinal canal stenosis and
nerve injury [3, 29].

Casha et al. [30] have reported a suspended lamino-
plasty technique for posterior cervical decompression
and intradural access. Although the exposure range of
suspended laminoplasty is wider compared with open-
door laminoplasty, the segments of suspended lamino-
plasty need devascularization and tissue disconnection,
which often leads to nonunion or delayed healing of lam-
ina and ligaments, especially for laminoplasty involving
multiple segments. Moreover, Park et al. [5] have reported
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that 10 patients with intra-vertebral mass undergo T-saw
laminoplasty, all of which achieve satisfactory results in
lamina healing. However, possible complications in the
T-taw laminoplasty technique include spinal cord injury
when the T-saw passes beneath the lamina, particularly
in cases with larger tumors or narrower spinal canal
caused by thickening of the ligamentum flavum [31]. On
the contrary, open-door laminoplasty is safe to operate by
cutting lamina under direct vision from outside to inside,
which will greatly reduce the incidence of spinal cord
injury. Besides, Casha et al. believe that the high inci-
dence of postoperative deep infection is partly attributed
to segmental devascularization after suspended lamino-
plasty [30]. With the open-door technique, total devascu-
larization does not occur, which will reduce the incidence
of postoperative deep infection and be beneficial to the
recovery of the patients after operation [10].

There are several limitations of the current study,
including small sample size and relatively short-term
follow-up period. Therefore, the surgical effects of 5 and
10 years after operation need to be further verified. Over-
all, the surgical technique of open-door laminoplasty
with ARCH plate fixation was simple, laminoplasty was
less invasive on one side, and it was not limited by the
patient’s age, surgical site, or the number of segments.

Conclusions

The open-door laminoplasty with ARCH plate fixation
was a safe and effective surgical approach for the treat-
ment of cervical intraspinal tumors. Besides, it had two
main advantages, including a lower incidence of spi-
nal deformities and an absence of epidural scar tissue.
Moreover, the preservation of blood supply on one side
of bone tissue and part of the ligament was beneficial to
early healing and reduction of infection.
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