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Abstract: To investigate the treatment results for the different surgical approaches for intraspinal tumor in lumbar
spine. We retrospectively reviewed data for 51 patients with intraspinal tumors who were treated with surgery. We
used the navigation system (group A) or traditional method (group B) to guide the surgery. Through the comparison
of group A (22 patients) and group B (29 patients), we found some differences between the two groups, such as
their total resection rate, the placement of pedicle screws, the mean operating time, intraoperative operation loss,
JOA scores. In group A, the total resection rate was 95.45%. One hundred and ten pedicle screws were implanted,
and no screw injured the nerve tissues or blood vessel; the placement of 94.55% of the pedicle screws was excel-
lent. In group B, the total resection rate was 86.28%. A total of 134 pedicle screws were implanted, including five
screws that injured nerve tissues or blood vessels; the placement of 87.31% of the pedicle screws was excellent.
The postoperative symptoms were significantly improved in the two groups, and there were no deaths. The operation
times were significantly lower in group A than in group B (P < 0.05), and the intraoperative operation loss was signifi-
cantly lower in group A than in group B (P < 0.01). Additionally, the postoperative improvement in percent evaluated
by Japan Orthopaedic Association (JOA) back pain evaluation questionnaire was significantly higher in group A than
in group B (P < 0.05). The navigation system can provide crucial help in the treatment of spinal operation as an as-
sisted method, which has great potential to improve the accuracy and safety.
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rate

Introduction

Intraspinal tumors are one of the most com-
mon diseases requiring surgical treatment, and
common types of intraspinal tumors include
neurilemmoma, neurofibroma and meningioma
[1, 2]. Tumor oppression can cause severe neu-
rological symptoms, and severe cases can lead
to paralysis. It is well established that surgical
treatment is the only effective method for treat-
ing intraspinal tumors. It is usually difficult to
excise the complete tumor using traditional sur-
gery methods. Intraspinal tumors were adja-
cent to the spinal cord, nerve roots and other
important organizations, which may easily lead
to nerve injury during operations. This surgery
is extremely difficult and often leads to differ-

ent degrees of nerve dysfunction after surgery.
Presently, developments in surgical treatment
are aimed at improving the accuracy of tumor
resection and rate of total resection and reduc-
ing intraoperative nerve injury; however, it is dif-
ficult to achieve these requirements with tradi-
tional surgery.

With the development of science and technolo-
gy, navigation systems have gradually devel-
oped and were first used in the spine surgery
in the early 1990s of the 20th century [3].
Surgeons are proficient in their use to treat spi-
nal fracture, but they still lack clinical experi-
ence in operations for intraspinal tumors.
Additionally, there is insufficient clinical data
demonstrating that the navigation system is
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Table 1. Summary of the baseline characteris- Surgical methods
tics of two groups

Surgery was assisted by using the navigation

Male/ Course of . .
Group N Age year Female disease (mouth) system: f:I_. Prgope;atwe.proceszesc;TCd'l' scan
A 22 41.71+1757 10/12  9.74 + 6.07 was performed and we importe ata to

a computer workstation to perform CT recon-
B 29 50.39+1291 15/14 13.30+ 13.51 . . . . .

struction, including three-dimensional recon-
This table shows the baseline characteristics of the two

groups. The data are expressed as the mean +* standard struction of the spine, spinal cord and tumors.

deviation. There was no significant difference between the The procedures were planned on the basis
group A and group B (P > 0.05). of reconstructed images. 2. Intraoperative pro-

cesses: After a series of operations, the acan-
thi was exposed, the reference Arc on acanthi

superior in the excision of intraspinal tumors was fixed, and the infrared camera’s position
[4, 5]. Therefore, we collected information was adjusted. Then we began to register and
about 51 patients who suffered from intraspi- locate the tumor position. Operations were
nal tumors, and we performed a retrospective begun to implant pedicle screws and resect
analysis of the curative effects of the naviga- the tumors and assisted by the navigation sys-
tion system used in the treatment of intraspinal tem’s real-time monitoring after determining
tumors. the location of the tumors.

Materials and methods Surgery was assisted by using traditional meth-

od: 1. Preoperative processes: We planned the
procedures on the basis of MRI data. 2. Intrao-
perative processes: We only used the C-arm
tracker to aid the operation, and the pedicle
screws were implanted by hand. The positions
of implanted pedicle screws were observed by
X-ray fluoroscopy after inserted the screws.

Ethical statement

All study procedures were reviewed and
approved by the Institutional Ethics Review
Board at the First Affiliated Hospital of Guangxi
Medical University and conducted according to
the principles expressed in the Declaration of
Helsinki. Informed consent was exempted by
the board due to the retrospective nature of
this research. Patient records/information was
anonymized and de-identified prior to analysis.

Clinical evaluation methods

We recorded the data including the operation
time, intraoperative blood loss, and rate of
total resection. We evaluated the improvement

Clinical data . - .
in the clinical symptoms using symptoms and

We collected data for 51 patients with intraspi- signs changing during the period of postopera-
nal tumors for the surgical treatment in the first tive one week to one month. The criteria of
affiliated hospital of Guangxi Medical University short-term clinical efficacy were mainly refer-
from January 2010 to April 2013. The ages of enced to the changes in the motor and sensory
the patients ranged from 5 to 73 years (mean dysfunction, nerve root pain, and urine disorder
age of 44.98 + 16.42 years). The course of dis- between pre-and post-operation. Each catego-
ease ranged from 1 to 60 months (mean time ry was divided into three grades, namely cured,
of 11.34 months) (Table 1). improved, unchanged, and deteriorative. In the
evaluation of recent clinical efficacy, cure and
Inclusion criteria improvement were regarded as effectivity, no
change and deterioration was regarded as
All of the patients we selected were treated by nullity.
total laminectomy, so the surgical options of
tumors resection all needed internal fixation of The Japan Orthopaedic Association (JOA) back
pedicle screws; we had complete clinical data pain evaluation questionnaire was used to
for all of them as well as at least 12 months of evaluate the long-term curative effect [7, 8].
follow-up data. We collected the patients suf- Richter perforation classification was used to
fered from intraspinal tumor in lumbar spine evaluate the effect of pedicle screw implanta-
and the diameter of the tumor < 3 cm accord- tion. The American Spinal Injury Association
ing to the postoperative pathological analysis. (ASIA) Impairment Scale was used for neuro-
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Table 2. Classification of pedicle screw implan-
tation

Grade Grade Grade Excellent pedicle

Group | I " screws’ placement
rate (%)

A 0 6 104 94.55*

B 5 12 117 87.31

This table shows the effect of pedicle screw implanta-

tion. Grade | means the placement of the pedicle screw
implantation is bad, grade Il means the placement is good,
and grade Il means the placement is excellent. *P < 0.05
vs. Group B.

Table 3. Summary of the results for the opera-
tion time, intraoperative blood loss and total
resection rate

. . Total
Operation Intraoperative )
Group e (h) blood loss (ml)  "cSection
rate (%)
A 229 + 0.51% 556.36 + 265.29* 95.454
B 2.73+0.91 840.35+326.12 86.28

This table shows the results for the operation time, intra-
operative blood loss and total resection rate. The data are
expressed as the mean + standard deviation. *P < 0.05
vs. Group B. 4P > 0.05 vs. Group B.

logical classifications of spinal cord injury and
long-term evaluations of the neural functions.

The ASIA Impairment Scale was used to evalu-
ate the neural functions (from 1 to 3 years): A:
Complete. No sensory or motor function is pre-
served in the sacral segments S4-5; B: Sensory
Incomplete. Sensory, but not motor function, is
preserved below the neurological level and
includes the sacral segments S4-5 (light touch
or pin prick at S4-5 or deep anal pressure), and
no motor function is preserved more than three
levels below the motor level on either side of
the body; C: Motor Incomplete. Motor function
is preserved below the neurological level, and
more than half of the key muscle functions
below the neurological level of injury (NLI) have
a muscle grade less than 3 (Grades 0-2); D:
Motor Incomplete. Motor function is preserved
below the neurological level, and at least half
(half or more) of the key muscle functions below
the NLI have a muscle grade > 3; and E: Normal
[9, 10]. If the sensation and motor function, as
tested with the ISNCSCI, are graded as normal
in all segments, and the patient had prior defi-
cits, then the ASIA grade is E. Richter perfora-
tion classification was as follows: 1). grade |
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bad: pedicle perforation > 1 mm with the need
for screw revision due to irritation or injury of
the roots or the myelon or due to the reduced
biomechanical stability; 2). grade Il good: pedi-
cle perforation > 1 mm without the need for
screw revision; and 3). grade lll excellent: cor-
rect screw placement without pedicle perfora-
tion or with pedicle perforation < 1 mm [11,
12].

Statistical analysis

All statistical analyses were performed using
SPSS17.0; numerical data were presented as X
+ s. P < 0.05 was considered statistically sig-
nificant. The measurement data such as the
pre-operation and post-operation JOA scores,
the operation time and intraoperative blood
loss were compared using the t-test, short-term
clinical efficacy were compared with the Chi-
square test or the rank-sum test.

Results

Postoperative general condition and complica-
tions

There were 12 cases of spinal meningioma
(23.53%), 25 cases of neurilemmoma (49.02%),
three cases of epidermoid cyst (5.88%), two
cases of cavernous hemangioma (3.92%), four
cases of lipoma (7.85%), four cases of meta-
static tumor (5.88%), one cases of teratoma
(1.96%), and one case of angioreticuloma
(1.96%). Of the 22 patients with successful
resection in group A, 21 patients had total
resection, whereas one patient had subtotal
resection (the rate of total resection was
95.45%). Additionally, 110 pedicle screws were
implanted without screw-related injury from a
pedicle screw perforating the vertebral pedicle
and injuring the nerve tissues or blood vessels.
Pedicle screw placement was excellent in
94.55% of the cases, and placement was good
for 5.45%. Of the 29 patients with successful
resection in group B, 25 patients underwent
total resection, whereas four patients under-
went subtotal resection (the rate of total re-
section was 86.28%). Additionally, 134 pedicle
screws were implanted and five patients experi-
enced screw-related injuries. The placement
was excellent in 87.31% of the cases, good in
8.96% of the cases, and bad in 3.73% of the
cases. The precisions of the implanted pedicle
screws were significantly higher in group A than
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Table 4. Analysis of short-term clinical efficacy

and recovered to normal, while

Nerve root pain

Urine disorder

one patient improved to various

degrees, without patients rem-

Rate of Rate of
Grou i i _
PN Efficacy Nullity efficacy N Efficacy Nullity efficacy ~ @ned unchanged or deteriorat
(%) (%) ed; six patients with motor dys-
A 14 14 0 1004 5 4 80.004 function recovered to normal,
B 19 18 1 94.74 4 3 75.00 one patient improved, one pati-

This table shows the results for short-term clinical efficacy in the group A and

group B. 4P > 0.05 vs. group B.

Table 5. Analysis of short-term clinical efficacy

ent remained unchanged, and
one patient experienced reduc-
ed myodynamia. Four patients
experienced urine or fecal disor-
der that improved to various

Motor dysfunction

Sensory dysfunction

degrees, and one patient rem-

ained was unchanged. In group

Rate of Rate of
Grou .
P N Efficacy Nullity efficacy N Efficacy Nullity efficacy B, 16 caseg of preoperative
(%) (%) nerve root pain returned to nor-
A 9 7 2 77784 11 11 1004 mal, two cases improved to vari-
B 10 8 2 80.00 10 9 90 ous degrees, one case was un-

This table shows the results for short-term clinical efficacy in the group A and

group B. 4P > 0.05 vs. group B.

in group B (P = 0.049) (Table 2). Operation
time: The mean operation time for group A was
2.29 + 0.51 hours (range 1.5-4.0 hours), and
the mean operation time for group B was 2.73
+ 0.90 hours (range 1.0~5.0 hours). The opera-
tion time was significantly lower in group A than
in group B (P = 0.034) (Table 3). Intraoperative
blood loss: The mean intraoperative blood loss
in group A was 556.36 + 265.29 ml; the mean
intraoperative blood loss in group B was
840.35 + 326.12 ml. The intraoperative blood
loss was significantly lower in group A than in
group B (P = 0.005) (Table 3). The number of
postoperative complications was as follows: In
group A, there was one case of infection, one
case of cerebrospinal fluid (CSF) leaks, one
case of local pain, and one case of abnormal
incision healing. In group B, there were one
case of infection, three cases of cerebrospinal
fluid (CSF) leakage, two cases of local pain, and
without abnormal incision healing.

Short-term clinical effects

The main clinical symptoms of the patients are
motor and sensory dysfunction, nerve root
pain, and urine disorder [6]. In group A, 12
patients experienced preoperative nerve root
pain and then recovered to normal, and two
patients improved to various degrees, without
patients remained unchanged or deteriorated;
10 patients experienced sensory dysfunction
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changed, and no cases deterio-
rated; three cases of urine disor-
der improved to various degrees,
and one case was unchanged;
five cases of motor dysfunction returned to nor-
mal, three cases improved to various degrees,
one cases remained unchanged, and one case
had reduced myodynamia; six cases of sensory
dysfunction returned to normal, three cases
improved to various degrees, one case rem-
ained unchanged, and none of the cases dete-
riorated. Based on the results above, the short-
term clinical efficacy in the group A have no sig-
nificant difference to that in the group B (P >
0.05; Tables 4, 5)

Long-term clinical effects

We used the ASIA Impairment Scale to evaluate
the final neural function. Of the 22 patients in
group A, there were O grade A and grade B
patients, one grade C patient, one grade D
patient, 20 grade E patients, and no recurrent
patients. Of the 29 patients in group B, there
were O grade A and grade B patients, two grade
C patients, one grade D patient, 26 grade E
patients, and no recurrent patients. We used
JOA back pain evaluation questionnaire to cal-
culate postoperative improvement in percent =
((postoperative score) - (preoperative score))/
(29-(preoperative score)) * 100%. In group A,
preoperative score is 15.91 + 4.82, postopera-
tive score is 26.77 + 3.10, and postoperative
improvement in percent is (85.97 + 17.29)%. In
group B, preoperative score is 17.14 + 4.48,
postoperative score is 24.93 + 4.34, and post-
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Table 6. The change in the pre- operation and post-

operation JOA scores

. . Postoperative
Group  Preoperative  Postoperatively improvement (%)
A 15.91 + 4.82* 26.77 +3.10 85.97 + 17.294
B 1714 +4.48 2493 +4.34  71.92 +25.50

This table shows the results for the change in the pre-operation
and post-operation JOA scores. The data are expressed as the
mean * standard deviation. *P > 0.05 vs. Group B, 4P < 0.05 vs.

Group B.

operative improvement in percent is (71.92 +
25.50)%. There was no significant difference in
the preoperative score between the group A
and group B (P = 0.35). There was a significant
difference in the postoperative improvement in
percent between the group A and group B (P =
0.024) (Table 6).

Typical case

A 39-year-old female patient had pain in the
left lower limb for more than 2 years; she was
diagnosed with L2~3 intraspinal tumors. She
was treated by resection of the intraspinal
tumor and internal fixation of the pedicle screw
guided by the navigation system. The pathologi-
cal diagnosis was spinal meningioma. Intra-
operative blood loss was 400 mL and opera-
tion time was 2.5 hours; four pedicle screws
were implanted, and all pedicle screws were
completely within the pedicle. The clinical
effects were excellent. The JOA scores promot-
ed from 18 to 29.

Discussion

Intraspinal tumors influence a person’s quality
of life and endanger a patient’s life. The tradi-
tional method for determining the location of
the tumor is preoperative images and intraop-
erative X-ray fluoroscopy. The traditional meth-
od has many drawbacks. Currently, the main
use of navigation system includes the treat-
ment of intraspinal tumors, installation of pedi-
cle screws and other aspects [13, 14]. This
technique can real-time guiding the surgical
instruments far away from the important ana-
tomical structures and ensuring the safety of
the surgery. Additionally, it can help doctors
perform the surgery more objectively. The loca-
tion of the surgical instrument can be updated
in real-time on intraoperative imaging, and the
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images have the advantage of being high
definition.

Neurological dysfunction after the resec-
tion of intraspinal tumors has relevance in
intraoperative spinal cord injury. Therefore,
it requires highly advanced technology and
experience in tumor resection and screw
installation. In addition, the operative diffi-
culty increases because of the complicated
physical position of the tumors. It is difficult
to satisfy the requirements for the accurate
positioning of intraspinal tumors with the tradi-
tional method of X-ray fluoroscopy. If nerve tis-
sues were intraoperatively injured, there would
be serious consequences. Repeated fluorosco-
py not only extends the operation time, it poses
hazards for the health of the patient and opera-
tors. The navigation system can compare the
preoperative or intraoperative imaging data
with the anatomical structure. The navigation
system can trace surgical instruments during
the operation, and the position of surgical
instruments is displayed on the computer in
real-time, which makes the surgery faster and
more accurate and safe. In this study, the sig-
nificant difference in the rates of total resec-
tion and the pedicle screw success rate betw-
een groups A and B illustrates the advantages
of the navigation system for its accuracy and
security.

At the early stages of operating the navigation
system, the operation time and blood loss
increased because the operators were initially
unskilled. After the operators become profi-
cient with the navigation system, the accuracy
in localization during the surgery increased,
while the unnecessary procedures and repeti-
tion, operating time, fluoroscopy times and
intraoperative blood loss were reduced. In this
study, the significant difference in the operat-
ing time and blood loss between groups A and
B illustrates the advantages of the navigation
system. Other studies have demonstrated that
the navigation system could decrease the fluo-
roscopy times (Kim CW. 2004) [15, 16]. All of
these results show that skillful operation of
navigation system can not only reduce the
operating time but also it significantly reduces
the X-ray exposure for the patients and the
operators. According to our research, there
isn't much difference in the improvement of
short-term clinical efficacy between group A
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and group B, but there was a significant differ-
ence in the improvement of long-term clinical
efficacy between the group A and group B.

Based on the results of this study, we can sum-
marize the advantages of the navigation sys-
tem in the resection of intraspinal tumors as
follows: (1). The accurate positioning enhanced
the resection rate of tumors and decreased the
intraoperative injuries, particularly reducing the
incidence of spinal cord injury. The accuracy of
using the navigation system to position the
lesion was higher than that of the traditional
method, which is particularly beneficial for posi-
tioning smaller lesions. Because of this advan-
tage, we can reduce the postoperative compli-
cations and quickly resume nerve and muscle’s
function. (2). The operating time and intraoper-
ative blood loss were reduced. At the early stag-
es of using the navigation system for operation,
the operation time and blood loss increased as
part of the training period. With increased profi-
ciency in using the navigation system, the oper-
ation time and blood loss were reduced. (3).
The occurrence of screw-related injuries was
decreased. Screw-related injury was not rare
when the traditional method of free-hand pedi-
cle screw implantation was used, which some
scholars have already confirmed [17-19]. In this
study, the precision of implanted pedicle screws
was significantly higher in group A than in group
B. (4). Improving the surgeon’s recognition of
spinal tissues improves the surgeon’s skill
level. With developments in spinal surgery,
operators also need to be aware of the unex-
posed parts; in this case, the navigation sys-
tem can satisfy this requirement. (5). The risk
of recurrence is reduced. The application of the
navigation system can increase the total resec-
tion rate, which would reduce the recurrence
rate. (6). The fluoroscopy times and postopera-
tive complications were reduced, especially for
the cases with unclear boundaries that were
difficult to separate. (7). Navigation system is
more effective to improve the long-term clinical
efficacy, it's better to improve patients’ postop-
erative quality of life.

In this study, we found that the application of
the navigation system in the surgical treatment
of intraspinal tumors could significantly improve
the surgical accuracy and safety, thus increas-
ing the rate of total resection, promoting the
accuracy of pedicle screw placement, reducing
the rate of spinal cord injury and the risk of
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tumor recurrence, shortening the operation
time, and reducing the postoperative complica-
tions and fluoroscopy times. The navigation
system has already become a relatively mature
technology for spinal surgery and has been
gradually recognized by spinal surgeons [20].
The navigation system will become the main
assisted method for spine surgery because of
its advantages. Although this system still has
limitations and shortcomings, it will improve
with further innovations in the technology.
Meanwhile, there will be more hospitals using
this system in the future.
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