MEDICAL
SCIENCE

CLINICAL RESEARCH

e-ISSN 1643-3750

+ R . 97. &
MONITOR O ol To.1assaimston 768
e oo Comparison of Total Laminectomy and Pedicle

N btahed, 2021.09.2 Screw Internal Fixation with Ultrasonic- and

Microscopic-Assisted Laminectomy Replantation
for Tumors of the Lumbar Spinal Canal:
A Retrospective Study of 60 Cases from a Single

Center
Authors’ Contribution: A1l YOﬂgChi Duan 1 The Affiliated Sugian First People’s Hospital of Nanjing Medical University,
Study Design A D1 Jun Ma Sugian, Jiangsu, PR China
Data Collection B . 2 China-Japan Union Hospital of Jilin University, Changchun, Jilin, PR China
Statistical Analysis C E1l Sheng Miao ’ ’ ’ ’
Data Interpretation D F1 JinHong Zhang
Manuscript Preparation E B 1 JieLin Deng
Literature Search F
c¢2 Han Wu

Funds Collection G

Corresponding Authors: Jielin Deng, e-mail: sqgk0203@163.com, Han Wu, e-mail: wu_han@jlu.edu.cn
Financial support: This work was supported by the Affiliated Suqian First People’s Hospital of Nanjing Medical University and China-Japan Union
Hospital of Jilin University

Background: Total laminectomy with pedicle screw internal fixation is the most common surgical procedure for patients
with primary tumors arising in the spinal canal, but the procedure has several limitations. This study aimed to
compare total laminectomy and pedicle screw internal fixation with ultrasound- and microscope-assisted lam-
inectomy replantation surgery in patients with tumors of the lumbar spinal canal.

Material/Methods: A retrospective study was conducted. Sixty patients with tumor spinal canal were admitted to our hospital.
Patients in group A (n=32) underwent total laminectomy and pedicle screw internal fixation; patients in group
B (n=28) underwent laminectomy replantation with ultrasonic and microscopic assistance. Operative time, in-
traoperative blood loss, operative segment, length of hospital stay, postoperative length of bed rest, and visu-
al analog scale (VAS) score after surgery were analyzed.

Results: Hospital stay and postoperative bed rest time of patients in group B were shorter than those in group A
(P=0.004). Intraoperative blood loss, postoperative drainage volume, and postoperative pain relief of group B
were significantly lower than those of group A (P=0.000). There was no significant difference in postoperative
pathological results between the 2 groups (P=0.901).

Conclusions: Ultrasound- and microscope-assisted laminectomy replantation resulted in the reduced intraoperative blood
loss, postoperative drainage volume, length of hospital stay, and postoperative VAS pain score, compared with
total laminectomy and pedicle screw internal fixation for the surgical removal of tumors of the lumbar spinal
canal.
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Background

Lumbar intraspinal tumors are tumors occurring in various tis-
sues of the lumbar spinal canal, of which neurogenic tumors
account for about 99% [1]. Lumbar intraspinal tumors are di-
vided into intramedullary tumors and extramedullary tumors,
with extramedullary tumors consisting of mainly schwanno-
mas, and intramedullary tumors consisting of mainly astrocy-
tomas [2]. The symptoms of both types are similar to lumbar
disc herniation, with low back pain, sensation, and dysfunc-
tion of both lower limbs [3]. At present, total laminectomy
and pedicle internal screw fixation are widely used in clinical
practice. Total laminectomy for the treatment of intraspinal
tumors was first carried out by Professor William Gowers in
1888. After more than 100 years of improvement, the inter-
nal fixation system was added, forming the present total lam-
inectomy and pedicle screw internal fixation surgery. In total
laminectomy and pedicle screw internal fixation surgery, part
of the posterior column of the vertebral body is removed and
the pedicle screw is used to provide spinal stability and sup-
port. According to the 3-column theory proposed by Denis [4],
the anterior and middle columns provide support for the spine,
while the posterior column protects the spinal cord and nerve
roots. From the mechanical point of view, the posterior column
bears 24% to 30% of pressure and 21% to 54% of rotation
pressure, so the complete posterior column structure can pro-
vide the overall stability of the spine [5]. The facet joint is lo-
cated in the posterior part of the vertebral body and is an im-
portant part of the posterior column of the lumbar spine. The
facet joint has a special locking function and plays an impor-
tant role in preventing spondylolisthesis. If the posterior col-
umn is damaged, it will lead to excessive flexion or forward
sliding of the spine, resulting in lumbar spondylolisthesis and
lumbar instability. According to the literature, total laminec-
tomy and pedicle screw internal fixation affect the stability of
the spine, especially when there are many surgical segments,
and can cause spondylolisthesis [6,7]. During total laminec-
tomy and pedicle screw internal fixation, the muscle attach-
ment point is removed, which further weakens spinal stability.
Therefore, the ideal surgical method would not only complete-
ly remove the tumor, but also restore the integrity and sta-
bility of the spine as much as possible and reduce postopera-
tive complications [8,9].

To avoid these complications, some spinal surgeons began us-
ing new equipment and new surgical methods to treat lumbar
intraspinal tumors, the most representative of which is lami-
nectomy replantation assisted by a microscope and ultrasonic
osteotome. Ultrasound- and microscope-assisted laminectomy
replantation is a relatively new surgical method. The surgical
method uses an ultrasonic osteotome for laminectomy, tu-
mor resection under the microscope, and then a miniature ti-
tanium plate to replant the removed lamina [10]. Therefore,
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this study aimed to compare total laminectomy and pedicle
screw internal fixation with ultrasound- and microscope-as-
sisted laminectomy replantation surgery in 60 patients with
tumors of the lumbar spinal canal.

Material and Methods

Patients

This was a retrospective study. Sixty patients with spinal ca-
nal tumors spinal who were admitted to our hospital from
September 2016 to January 2019 and met the inclusion cri-
teria were selected. Patients were divided into 2 groups ac-
cording to different surgical methods. In group A, 32 patients
underwent total laminectomy and pedicle screw internal fix-
ation. In group B, 28 patients underwent ultrasound- and mi-
croscope-assisted laminectomy replantation. All 60 patients
were followed up for 6 months. The study was approved by
the Ethics Committee of the First People’s Hospital of Sugian
(No. 2020-KYSB-003). The study procedures complied with the
Declaration of Helsinki. All participants provided informed con-
sent to participate in the study.

Inclusion Criteria

The inclusion criteria were as follows: (1) imaging examination
showed a space-occupying lesion in the lumbar spinal canal;
(2) the space-occupying lesion was confined to the lumbar spi-
nal canal; (3) patient age ranged from 15 to 55 years, and pa-
tient was otherwise physically fit and had no other diseases;
(4) patient had a normal vertebral sequence and no previous
lumbar surgery history; and (5) all surgeries were performed
by the same surgeon and surgical team.

Exclusion Criteria

The exclusion criteria were as follows: (1) severe clotting dys-
function; (2) malignant tumor; (3) severe spinal deformity; (4)
patient with severe mental illness who did not cooperate with
the surgery; (5) the existence of other types of underlying dis-
eases; (6) patients with unexplained pain and dysfunction.

Imaging Examination

All patients had a preoperative examination by lumbar X-ray
imaging and computed tomography to determine whether the
lumbar spine sequence and vertebral body shape were nor-
mal (Figure 1). Lumbar magnetic resonance imaging was per-
formed on all patients before surgery to determine the tumor
signal, size, and location and to make a preliminary judgment
on the nature of the tumor.
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Figure 1. (A) Computed tomography image of the lumbar spine showing a normal vertebral sequence and no calcification in the spinal
mass; (B) lumbar magnetic resonance imaging showing an oval mass in the spinal canal.

Surgical Methods

1. Total laminectomy and pedicle screw internal fixation. After
general anesthesia was administered, the patient was placed
in the prone position. The skin and subcutaneous tissues were
incised layer by layer, and the supraspinous ligament, interspi-
nous ligament, and muscle tissue on both sides of the lamina
were exposed. An X-ray fluoroscopic machine assisted the ap-
propriate placement of the lumbar pedicle screw. The superi-
or spinous ligament, interspinous ligament, and spinous pro-
cess were removed with a rongeur. The vertebral lamina and
some upper and lower articular processes were removed with
a bone chisel and rongeur to expose the dural sac (Figure 2A).
The dural sac was incised longitudinally with a scalpel. The tu-
mor and nerve root tissues were carefully separated with tu-
mor forceps (Figure 2B) to explore whether there was residu-
al tumor in the spinal canal. The incision of the dural sac was
sutured continuously (Figure 2C), and then the screw con-
necting rod was connected and locked. The negative-pressure
drainage tube was inserted. The skin and subcutaneous tis-
sue were sutured layer by layer. We performed imaging tests
on the patients after 3 months (Figure 2D, 2E).

2. Ultrasound- and microscope-assisted laminectomy replan-
tation. After general anesthesia, the patient was placed in the
prone position. The skin and subcutaneous tissues were in-
cised one layer at a time. The muscle tissues on both sides
were pulled with a retractor to expose the spinous process,
lamina, and upper and lower articular processes. The whole
lamina and spinous process were excised with an ultrasonic
osteotome (Figure 3A), the spinal canal was opened, and the
dura sac was exposed. Under the microscope, a scalpel was
used to cut the dural sac longitudinally, and an oval tumor
was found in the spinal canal (Figure 3B). Under the micro-
scope, the tumor and nerve root tissues were carefully sepa-
rated (Figure 3C). No residual tumor was detected in the spinal
canal. The incision of the dural sac was sutured continuously.
One end of the titanium plate was fixed on the lamina with
screws (Figure 3D), and the other end was fixed at the ver-
tebral body to restore the original anatomical position of the
lamina (Figure 3E). The lamina and spinous process were fixed
stably in a good position. The negative-pressure drainage tube
was inserted. The skin and subcutaneous tissue were sutured
layer by layer. We performed imaging tests on the patient af-
ter 3 months (Figure 3F, 3G).
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Figure 2. (A) The exposure of the dural sac after total
laminectomy; (B) tumor tissue connects with nerve
root; (C) the dural sac incision with continuous suture;
(D, E) postoperative images of the patient.
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Figure 3. (A) Laminectomy under ultrasonic osteotome; (B) the tumor tissue under a microscope; (C) intraoperative image of the
microscope screen; (D) the free lamina with a titanium plate; (E) replantation of lamina and spinous process in the original

location; (F, G) postoperative images of the patient.

Observation Items and Methods

The following variables were collected: (1) operation duration;
(2) intraoperative blood loss; (3) length of stay in hospital; (4)
postoperative bed rest time; (5) postoperative drainage vol-
ume; (6) visual analog scale (VAS) score, which was collected
at 1 week, 3 months, and 6 months after surgery.

Statistical Analysis

Descriptive statistical analysis was performed with SPSS 20.0
statistical software. The results are presented as means with
ranges and standard deviations. The chi-squared test was used
to analyze patient sex, operative segment, and pathological
results. However, because of the small sample, the statistical
power of this analysis was limited.

Results

All patients successfully completed the surgery and follow-
up. None of the patients had complications, such as infection
and loosening of internal fixations. The data showed no sig-
nificant differences in age or sex between the 2 groups (age

range, 21-45 years; P=0.839). Therefore, the effect of sex and
age on the results was excluded. The duration of disease in
the 2 groups was similar (range, 8-21 months; P=0.829), which
improved the accuracy of the test results. Moreover, there
was no statistically significant difference in preoperative VAS
scores between the 2 groups (range, 5-9 points; P>0.05). The
preoperative conditions of patients in the 2 groups were basi-
cally the same, meeting the test criteria. The results are sum-
marized in Table 1.

As shown in Table 2, the duration of the 2 surgical methods
was almost the same (range 90-178 min; P=0.896). However,
the amount of intraoperative blood loss, postoperative drainage
volume, and postoperative bed rest time in group B were lower
than those in group A (P<0.05). At the 3-month and 6-month
follow-up visits, postoperative pain symptoms in group B were
significantly lower than those of group A (P<0.05). The preop-
erative and postoperative data is summarized in Table 2. As
shown in Table 3, there were no differences in pathological re-
sults between the 2 groups of patients (P=0.901); therefore, the
influence of tumor pathological types on the test was excluded.
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Table 1. Patient preoperative data.

Group A Group B P value
Patient’s age (years) 32.67+7.57 36.67+7.32 0.839
CSex 0861
"""" Male®) 19 1
"""" Femae® 112
| Courseofdisease (month)  1130:308  1147%275 0829
Operative segment 0664
"""" Two segments(®) 20 1
"""" Three segments (@) 12 9
 Preoperative VAS score 7435072 7375111 0787

Group A: total laminectomy and pedicle screw internal fixation; Group B: laminectomy replantation with ultrasonic and microscopic
assistance. VAS — visual analog scale.

Table 2. Intraoperative and postoperative data.

Group A Group B P value

Operation time (min) 125.47+24.51 126.23+17.43 0.896
lengthofstay day) 996:s118 883:089 0004
 Postoperative bed rest time (days) 694:126 611079 0004
Intraoperative blood loss (ml) 348.73:17649 1921644531 0000
Postoperative drainage volume (ml)  46281s39636 939243811 0000
CVASscore
"""" 1 week after operaton ~ 527:085 530+086 0883
"""" 3months after operaton 4404105 240:088 0000
"""" 6 months after operation ~ 283:086  180:080 0000

Group A: total laminectomy and pedicle screw internal fixation; Group B: laminectomy replantation with ultrasonic and microscopic
assistance. VAS — visual analog scale.

Table 3. Tumor pathological results.

Schwannoma Cristal meningioma Lipoma Neurofibromatosis P value

Group B 16 4 3 5 0.901

Group A: total laminectomy and pedicle screw internal fixation; Group B: laminectomy replantation with ultrasonic and microscopic
assistance.
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Discussion

Complete tumor excision and spinal integrity-preserving surgery
are the 2 basic principles of surgical treatment [11]. However,
total laminectomy and pedicle screw internal fixation require
the removal of bilateral lamina with a rongeur, and the poste-
rior column structure of the vertebral body is damaged. Spinal
canal dural sac injury and nerve root injury can easily occur
when the bone chisel knocks out the lamina because of the
operator’s strength in grasping the instrument [12]. Some pa-
tients often have cerebrospinal fluid leakage and aggravation
of neurological symptoms. Under ultrasound- and microscope-
assisted laminectomy replantation procedures, an ultrason-
ic osteotome was used for lamina cutting because it had an
effect on calcified calcium salt, reducing dural sac and nerve
root injury [13]. Total laminectomy and pedicle screw inter-
nal fixation removed the spinous process and lamina, which
made the posterior column structure of the vertebral body in-
complete. In addition, the pedicle screw system is used in to-
tal laminectomy and pedicle screw internal fixation. Owing to
the large screw rod, it is easy to compress the lumbar inter-
muscular nerve, and patients are prone to lumbar pain after
surgery [14]. Under the assistance of a microscope and ultra-
sonic osteotome, the removed lamina were replanted in the
original position, and the anatomical structure of posterior ver-
tebral body was reconstructed in the present study.

From the perspective of lumbar range of motion, the use of the
pedicle screw system in total laminectomy and pedicle screw
internal fixation impedes the range of motion between verte-
brae. Then, the motion and stress compensation increases in
the adjacent segments of the vertebral body, causing potential
lumbar instability and spondylolisthesis [15]. Papagelopoulos
et al demonstrated that 28% of young patients treated with
laminectomy exhibited spinal deformity and intervertebral in-
stability [16]. According to the literature, total laminectomy and
pedicle screw internal fixation affect the stability of the spine
and, if too many surgical segments are involved, can cause ky-
phosis [17,18]. In the present study, ultrasound- and micro-
scope-assisted laminectomy replantation did not require in-
terbody fixation and fusion, retained the motion function of
the surgical segments, and avoided the instability or spondy-
lolisthesis caused by fusion and fixation. At the same time,
the spinal canal and the posterior column structure of verte-
bral body were reconstructed, providing attachment points
for muscles on both sides. The biomechanical stability was
strong, and the patients could move earlier after surgery [19].
Zhou et al reported that patients who underwent laminecto-
my replantation had a 36% to 60% increase in longitudinal
spinal stress resistance and a 38% to 49% increase in lateral
stability, compared with patients who underwent total lami-
nectomy [20]. Moreover, the miniature titanium plate used in
replantation is firmly fixed and flexible, has strong plasticity,
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and is not easy to break [18]. Spinal surgeons can adjust the
miniature titanium plate according to the location of the ver-
tebral body. During surgery, the ultrasonic osteotome has the
advantages of a low frequency and small amplitude, and, by
only cutting bone tissue, it can reduce the damage to capil-
laries to the maximum extent. In addition, the water spraying
equipment of the ultrasonic osteotome has a certain hemo-
static function, resulting in less intraoperative bleeding [21,22].
Sanborn et al reported that there is a notable reduction in os-
seous bleeding in ultrasonic osteotomy [23]. Surgery under a
microscope can stop capillary hemorrhage easily and reduce
blood loss during surgery [8].

From the perspective of postoperative drainage volume, in the
present study, ultrasound- and microscope-assisted laminec-
tomy replantation was used to reconstruct the spinal canal.
Because of the natural barrier function of the lamina, cerebro-
spinal fluid leakage was prevented. In addition, the dural sac
sutured under the microscope was relatively dense, which fur-
ther prevented cerebrospinal fluid leakage. Li et al performed
surgery on 38 patients with spinal canal tumors using an ul-
trasonic osteotome and microscope, and the postoperative
drainage volume of the patients was significantly reduced,
compared with previous patients [4]. From the perspective of
postoperative pain relief, the use of microscopic instruments in
laminectomy can accurately separate tumor tissue from nerve
tissue, minimize nerve injury, and allow for the quick recov-
ery of nerves after surgery. In Ye et al’s study of 50 patients
with spinal canal tumors, patients who underwent lamina re-
plantation had better recovery than those who underwent to-
tal laminectomy [24]. Therefore, postoperative pain was sig-
nificantly reduced. In addition, the microscope can make the
surgical field clearly enlarged, improve the safety of surgery,
and connect the display screen, which is conducive to teach-
ing. In the present study, under the assistance of a microscope
and ultrasonic osteotome, the spinal canal was reconstructed.
As reported by Song et al, due to the natural barrier function
of the lamina, direct contact between the dural sac and soft
tissue is prevented, and the occurrence of scar adhesion and
lumbar spinal stenosis is reduced [25]. Asthagiri et al report-
ed that lamina replantation can solve the problems of postop-
erative scar adhesion and that the surgical design meets ana-
tomical and physiological requirements [26].

This study had some limitations, including a small sample size
and single-center design, lack of long-term follow-up results,
and the inability to determine the impact of the 2 surgical
methods on tumor recurrence rate. Finally, the long-term clini-
cal effects of the 2 surgical methods need further observation.
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Conclusions

The findings from this retrospective study from a single center
showed that ultrasound- and microscope-assisted laminecto-
my replantation resulted in reduced intraoperative blood loss,
postoperative drainage volume, length of hospital stay, and
postoperative VAS pain score, compared with total laminec-
tomy and pedicle screw internal fixation for the surgical re-
moval of tumors of the lumbar spinal canal.
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