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Abstract: Objective: To investigate the efficacy of the posterolateral decompression combined with interbody fusion
and internal fixation for thoracic spinal stenosis in patients. Methods: Between January 2014 and May 2016, a
total of 50 patients with thoracic spinal stenosis admitted to the author’s institution were selected as participants.
All the enrolled participants received the posterolateral decompression combined with interbody fusion and internal fixation. The patients’ postoperative complications were documented. The spinal cord functions and surgical
outcomes were evaluated according to the spinal cord injury Frankel classification and the Otani grading criteria.
Results: The posterolateral decompression combined with interbody fusion and internal fixation was completed
successfully among all the eligible patients in this study. The mean operative time was 3.3±0.7 h, and the mean
intraoperative blood loss was 970±110 ml. Cerebrospinal fluid leak was present in 2 patients, and transient spinal
cord dysfunction was also present in 2. Among all the eligible patients, the results of preoperative Frankel classification were markedly different from those at 1 year postoperatively (P<0.05). The evaluation of the Otani grading at
1 year postoperatively revealed that the rate of good and excellent results was 86%. Conclusion: After the posterior
decompression combined with interbody fusion and internal fixation, the patients with thoracic spinal stenosis had
decreased complications, but favorable clinical outcomes. Thus, it is worthy of clinically wide use.
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Introduction
Thoracic spinal stenosis is thoracic spinal cord
compression syndrome as a result of a reduction in the cross-sectional area of thoracic vertebral canal [1]. Although thoracic spinal stenosis is rare in the clinical settings, it may lead
to irreversible spinal cord injury in patients if
not treated timely. The primary method for the
treatment of thoracic spinal stenosis is surgery
[2, 3]. Moreover, some studies have shown that
early surgery is associated with a greater improvement in postoperative neurological functions [4, 5]. However, the special anatomical
structure of thoracic vertebrae and complex
operation are prone to the presence of complications and even paraplegia. In addition, to our
knowledge, as thoracic spinal stenosis is characterized by atypical clinical manifestations
and unclear pathogenesis, the selection of proper surgical method and efficacy has been
controversial. Anterior decompression allows a

most direct and clearest vision, and has little
effect on the spinal cord, but it is ineffective in
relieving stenosis in the spinal canal and nerve
roots, and associated with large trauma, pulmonary complications and poor clinical outcomes
[6]. In recent years, a growing attention has
been paid to the posterolateral approach to
decompression by clinical orthopedic surgeons.
In addition, studies have demonstrated that for
patients with thoracic spinal stenosis, decompression alone is not effective, but the addition
of thoracic vertebrae internal fixation results in
spinal stability and reduced compression to
the spinal cord [7, 8]. Nevertheless, few reports
have involved in the clinical outcomes of posterolateral decompression combined with interbody fusion and internal fixation in the treatment of thoracic spinal stenosis. Therefore, this
study was designed to explore the clinical outcomes of posterolateral decompression combined with interbody fusion and internal fixation
in the management of thoracic spinal stenosis,
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in hope of providing an alternative clinical strategy and experimental basis for the treatment of
thoracic spinal stenosis.
Materials and methods
Participants
From January 2014 to May 2016, 50 patients
with thoracic spinal stenosis admitted to the
Department of orthopedics in the author’s institution who were scheduled to undergo posterolateral decompression combined with interbody fusion and internal fixation were taken as
subjects. Patients who had confirmed singlesegmental thoracic spinal stenosis on CT or
MRI assessments, agreed to undergo posterolateral decompression combined with interbody fusion and internal fixation bur no relevant
contraindications were eligible for the study.
Patients were excluded if they had severe cardio and cerebrovascular disease, hepatorenal
dysfunction, osteoporosis, thoracic deformity,
and thoracic spinal instability. The present
study was approved by the Hospital Ethics
Committee in the hospital and informed written
consent was collected from each patient and
their families.
Operative procedures
The operation was performed by the spinal surgeons in the same group. After the induction of
combined intravenous-inhalational anesthesia,
the patients were placed in a prone position. A
posterior median sternotomy was performed to
expose the spinous process of the segment
with thoracic spinal stenosis, the transverse
process and the articular process of the upper
and lower vertebral body. The ossification was
removed or hypertrophic igamentum flavum
was excised. The dura mater and the spinal
cord were fully exposed for assessment of the
extent of disc protrusion and the degree of
ossification. The spinal cord decompression
was performed by gradually separating the
adhesion between the dura sac and the intervertebral disc, and discectomy and decompressive laminotomy were conducted to remove the
osteophyte on the posterior margin of the vertebral body. Great care should be taken to avoid
damages to the spinal cord, nerve roots and
peripheral vessels during the surgery. After
completion of the intervertebral decompression, an interbody cage was implanted for the
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following interbody fusion. Meanwhile, a rod
linking the pedicle screws were mounted and
fixed, followed by adequate hemostasis of the
incision site, rinse of the wound, placement of
the drainage catheter and suture of the incision
layer by layer.
Postoperative treatment
For the patients, routine antibiotics were administered for 3 days to prevent infection. The
drainage catheter was removed at 48 hours
after surgery. They were encouraged to ambulate for early functional exercise after 1-week
bedrest.
Outcome measures
The patients received 1-year follow-up by telephone reservation and outpatient review. The
results of the final follow-up were considered as
a measure of postoperative monitoring. Among
the patients, the operation time, intraoperative
blood loss and postoperative complications
were documented; the preoperative and postoperative assessments on the Oswestry disability index (ODI) and the visual analogue scale
(VAS) were observed. The ODI was a scale for
evaluation of the quality of life and functionality
in patients, including ten items of pain, selfcare, lifting, walking, sitting, standing, sleeping,
sexual life, social activities and travel. On a
scale of 50 points, the scoring formula was
as follows: Actual score/50 (maximum score
possible) * 100%. If there was a problem unanswered, the scoring formula was: Actual
score/45 (maximum score possible) * 100%,
with higher scores indicating more severe functional disability. The VAS was a scale of 10
points in total, with the scoring criteria as follows: 0 indicating painless, less than 3 indicating mild pain which was tolerable, 4-6 pain
affecting sleep which was basically tolerable,
7-10 incrementally severe pain which was unbearable, affecting appetite and sleep. The
Frankel grading of spinal cord injury (Grade A,
B, C, D and E) was used to evaluate and compare the functions of the spinal cord before
and after the operation in patients [9]. The
Otani grading criteria were applied to evaluate
the surgical efficacy and calculate the rate of
good and excellent results in the patients [10].
The formula states as below: Good and excellent rate = No. of good or excellent cases/Total
number of cases * 100%. The assessment of
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Table 1. General data of eligible patients
Variable
_
Age ( x ±s, year)

Value
41.8±6.5

Sex (n, %)
Male
Female
_
Course of disease ( x ±s, month)

35 (70%)
15 (30%)
5.5±1.4

Complications (n, %)
Thoracic and abdominal constriction
Defecation dysfunction
Intervertebral disc herniation (n, %)
T7/T8
T8/T9
T9/T10
T10/T11

28 (56%)
22 (44%)
5 (10%)
11 (22%)
15 (30%)
19 (38%)

Table 2. Perioperative general data of patients
Variable
_
Operation time ( x ±s)

_
Intraoperative blood loss ( x ±s)
Postoperative complications (n, %)
Cerebrospinal fluid leak
Transient spinal cord dysfunction
Dural laceration

Value
3.3±0.7 h
970±110 ml
2 (4%)
2 (4%)
1 (2%)

intervertebral fusion of the patients was made
according to the method reported by Suk and
colleagues [11].
Statistical analysis
All the data analyses were made with the use of
the SPSS software, version 19.0. Measurement
data were represented as mean ± sd. The
paired t-test was applied for comparisons of
the indicators before and after operation.
Enumeration data were represented as percentages, and the chi square test was used for
comparison of the variables before and after
operation. The value of P<0.05 was deemed to
be statistically significant.
Results
General data
Table 1 shows that among the eligible patients,
35 were male and 15 were female, with a mean
age of 41.8±6.5 years and a mean course of
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disease of 5.5±1.4 months. Thoracic and abdominal constriction occurred in 28 patients
and defecation dysfunction in 22; the results
of imaging examination showed the classification of intervertebral disc herniation among the
patients: 5 cases of T7/T8, 11 of T8/T9, 15 of
T9/T10 and 19 of T10/T11.
Perioperative period
Each of the 50 patients completed the operation successfully. Among them, the mean operative time was 3.3±0.7 h; the mean intraoperative blood loss was 970±110 ml. The postoperative complications included cerebrospinal
fluid leak in 2 cases, transient spinal cord
dysfunction in 2 cases and dural laceration in
1 case. All the patients were cured and discharged after active symptomatic treatment
(Table 2).
ODI score and VAS score
Among the patients, the mean ODI score was
62.4±8.5 preoperatively but 22.3±2.6 at 1-year
follow up postoperatively, and the difference
was noticeably significant (P = 0.000). The
mean VAS pain score was 6.1±0.5 preoperatively, but 2.6±0.3 at 1-year follow up postoperatively, and the difference was statistically
significant (P = 0.000; Figure 1).
Frankel classification of spinal cord injury of
the patients
Among the patients, there were 14 cases of
Grade B, 22 of Grade C, and 14 of Grade D preoperatively; no patients with Grade B, but 27
cases of Grade C, 19 of Grade D and 14 of
Grade E were seen at the final follow-up postoperatively, and the postoperative general
improvement of Frankel classifications among
the patients was significant as compared to
that postoperatively (χ2 = 26.225, P = 0.000,
Table 3).
Surgical outcomes
During the follow-up period, no cases of dislocation, loosening or even rupture of the internal
fixers were observed among the patients (Figure 2). According to the criterion of bone union,
the union rate was 100%. Based on the Otani
grading criteria, no patients with poor results
were noted at the final follow-up, with 24 cases
of excellent results (48%), 19 of good results
Int J Clin Exp Med 2018;11(2):818-823
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is paramount in the treatment
of thoracic spinal stenosis.
When compared with anterior
or posterior approaches to decompression, the posterolateral approach takes advantages in resecting the spinous processes, lamina, ossified
ligamentum flava and hyperFigure 1. Comparison of ODI and VAS scores of patients before and after
plastic articular processes in
posterolateral decompression combined with interbody fusion and internal
the stenotic thoracic spinal
fixation for thoracic spinal stenosis.
segments, allowing a better
expose of dura mater and the
spinal cord, enlarging the nerve root canal, and
Table 3. Comparison of preoperative and
solving the problem of the neurological compostoperative Frankel classification (n, %)
pression from the posterior stenosis in the thoFrankel grade
Preoperative
Final follow-up
racic spinal canal. The posterolateral approach
A
0 (0.0)
0 (0.0)
has shown to reduce traction to the spinal cord,
B
14 (28.0%)
0 (0.0)
avoiding traction-induced spinal cord injury
C
22 (44.0%)
27 (54.0%)
[17]. Other studies have also reported that the
D
14 (28.0%)
19 (38.0%)
posterior decompression combined with interE
0 (0.0)
4 (8.0%)
nal fixation and in situ fusion has more satisfactory outcomes and fewer complications than
the posterior approach to decompression alone
(38%), and 7 of fare results (14%), as shown in
[18, 19]. A follow-up study involving postoperaFigure 3.
tive thoracic spinal stenosis patients revealed
that, the posterior decompression combined
Discussion
with interbody fusion and internal fixation led
to good outcomes, with obvious kyphosis presThe preferred method for the treatment of thoent in only 1 patient. Noticeably, the interbody
racic spinal stenosis is surgery, the primary
fusion and internal fixation following posterior
objective of which is to make decompression of
decompression may result in better recovery of
the stenotic thoracic vertebral segments [12,
the functions of spinal cord [20]. In the current
13]. As the spinal cord site, compression posistudy, the results of the Frankel grading showed
tion, operation habits of the operators and the
14 cases of Grade B, 22 of Grade C and 14 of
results of preoperative evaluation vary considGrade D before posterolateral decompression
erably, there are different clinical approaches
combined with interbody fusion and internal
to surgeries. How to improve the neurological
fixation. At the end of final follow-up postoperafunctions, reduce operative complications and
tively, the Frankel grading has improved signifisimplify the operative procedures regarding
cantly among the patients, with 27 cases of
thoracic spinal stenosis in patients has been
Grade C, 19 of Grade D and 4 of Grade E, and
the focus of clinical orthopedics. Although antethe differences between preoperative grades
rior decompression is an ideal surgical techand postoperative grades were statistically signique for thoracic spinal stenosis with the
nificant. This suggests that the operation has
compression originated from the anterior part.
the benefit of recovery of functions of the spinal
Nevertheless, the anterolateral approach is
cord in patients. Moreover, the rate of bone
limited in the difficulties in assessments of the
fusion in all the patients was 100%, and no
spinal canal, intervertebral discs, nerve roots
cases of rupture or loosening of the internal fixand the nerve root canal, and in relief of comators were found during the follow-up period.
pression from the posterior part on the spinal
The Otani grading results demonstrated that
cord [14]. The conventional posterior decomthe rate of good and excellent results was 86%
pression is relatively simpler, but intraoperative
at 1 year postoperatively.
traction may result in spinal cord injury, leading
to irreversible neurological recovery [15, 16].
The results of postoperative complications in
Therefore, choosing a correct surgical approach
this study indicated that transient spinal cord
821
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In conclusion, at 1 year after
the posterolateral decompression combined with interbody
fusion and internal fixation,
the patients with thoracic spinal stenosis had significant
pain relief, fewer complications, and more favorable shortterm clinical outcomes. Therefore, it is worth of extensively
clinical application. However,
there are some limitations, including a small sample size
and lack of randomized conFigure 2. Typical preoperative and postoperative images of patients with thotrolled trials. More long-term
racic spinal stenosis. A. Preoperative MRI scans, with the arrow showing the
follow-up studies are needed
thoracic spinal stenosis lesion; B. Postoperative lateral radiograph.
for validation of the long-term
outcomes of the posterolateral decompression combined with interbody fusion and internal fixation.
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Figure 3. The Otani grading of postoperative outcomes among the patients with thoracic spinal stenosis.

dysfunction induced by spinal cord edema
occurred in 2 patients; cerebrospinal fluid leak
induced by adhesions between ventral dural
and intervertebral disc and posterior longitudinal ligament also occurred in 2 patients; dural
laceration occurred in 1 patient. These complications were all cured after active targeted
treatment. The present study suggests that
there are certain associations between complications and operative procedures. During the
operation, we should seek to take the lateral
approach to avoid spinal cord injury and incrementally separate the tissues adhering to dural
mater to avoid dural rupture which would lead
to cerebrospinal fluid leak. Hormone is administered before the surgical decompression to
reduce spinal inflammation.
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