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Posterior transfacet approach has been proved to be a safe and eﬀective access to treat thoracic disc herniation. However, the
inﬂuencing factors of posterior modiﬁed transarticular debridement for thoracic tuberculosis have not been reported in the
clinical literature. From 2009 to 2014, 37 patients with TST underwent a posterior modiﬁed transfacet debridement, interbody
fusion following posterior instrumentation, under the cover of 18 months of antituberculosis chemotherapy. The patients were
evaluated preoperatively and postoperatively in terms of Frankel Grade, visual analog scale (VAS) pain score, kyphotic Cobb
angle, and bone fusion. Blood loss (positive correlation) and focal debridement (positive correlation) could aﬀect operative time.
Operative time (positive correlation) could aﬀect blood loss. While, age (positive correlation), PostE (negative correlation), and
T_FocalDebridement (positive correlation) could aﬀect bone fusion. The accuracy of naive bayes classiﬁer model is 86.11%. Our
preliminary results show that blood loss and focal debridement could aﬀect operative time; operative time could aﬀect blood loss;
age, PostE, and T_FocalDebridement could aﬀect bone fusion; the naive Bayes classiﬁer model can predict the
KirkaldyWillis accurately.

1. Introduction
Tuberculosis (TB), an infectious disease caused by mycobacterium tuberculosis (MTB), is the ninth leading cause of
global death, ranking above acquired immune deﬁciency
syndrome (AIDS). The spine is the most frequently involved
part of extrapulmonary tuberculosis, which is more common in thoracolumbar vertebrae, 30.3% to 55.8% of which
are thoracic tuberculosis and about 67% of thoracic tuberculosis patients are accompanied by tuberculosis [1, 2].
Vertebral body destruction will lead to spinal instability,
spinal cord damage, and deformity. Therefore, in addition to
standardized antituberculosis treatment, surgery is also an
important treatment method for thoracic tuberculosis
treatment [3].

As an important surgical intervention in the treatment of
spinal tuberculosis, surgical treatment aims to eﬀectively
remove the lesion, completely relieve the neurospinal
compression, restore the height of the aﬀected vertebra as far
as possible, and rebuild the stability of the spine. After
continuous exploration and development, the current surgical treatment methods are classiﬁed according to the
approach, mainly including anterior approach, posterior
approach, and combined approach. (1) Anterior approach:
compared with other methods, anterior approach is the most
convenient method for removing lesions because it can
directly reach the lesion and has a good operating ﬁeld of
vision [4]. (2) Combined approach: both lesion clearance
and deformity correction. However, anterior or anterior
combined approaches have a higher rate of primary activity
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and mortality [5, 6]. (3) Posterior approach: posterior approaches such as posterolateral, pedicle, or posterior approaches and their variants have been proven to be a safe and
eﬀective method for the treatment of thoracic disc herniation (TDH) with a relatively low incidence. In addition,
posterior approach can better correct kyphosis, which is the
most common complication of TST [7]. Some studies believed that, in terms of operation time, the combined approach was longer than the anterior approach, but there was
no statistical diﬀerence with the posterior approach. In
terms of blood loss, anterior and posterior combined approaches were more common than anterior or posterior
approaches. There was no clinical literature to report the
inﬂuencing factors of posterior modiﬁed transarticular debridement for thoracic tuberculosis. This paper considers the
inﬂuencing factors of operative time, blood loss, bone fusion,
and the classiﬁcation of the KirkaldyWillis.

2. Methods
Between 2009 and 2014, the authors treated 37 consecutive
patients with TST via a modiﬁed transfacet approach [7].
This study was approved by the Ethics Committee of Afﬁliated Hospital of Fujian Medical University.
2.1. Preoperative Surgery. Patients were treated with standard chemotherapy regimen of isoniazid (H), rifampicin
(R), ethambutol (E), and pyrazinamide (Z) (HREZ) at least
4 weeks before surgery, including isoniazid (300 mg/d), rifampicin (450 mg/d), ethambutol (750 mg/d), and pyrazinamide (750 mg/d). ESR was 44.7 ± 23.3 mm/h. And the
mean kyphosis angle was 29.4 ± 10.9°. Surgery is performed
when ESR is signiﬁcantly reduced (<40 mm/h). Preoperative
antituberculosis treatment can reduce mycobacterium tuberculosis in focus and improve surgical safety. Bony spinal
fusion was assessed according to the criteria deﬁned by Lee
et al. [8], which was graded as shown in Table 1. And in our
study, all patients obtained deﬁnitive bone fusion.
2.2. Statistical Principle. In order to examine the factors that
might aﬀect operative time, the multivariable linear regression model is adopted. Operative time is considered as a
continuous and dependent variable, whereas blood loss,
PreK, FFUK, and focal debridement are constituted the

PY � cp  �
PX(j)

ni�1 Iyi � cp 
,
n

independent variables. The multivariable linear regression
model is also utilized for investigating whether operative
time could aﬀect blood loss. Blood loss is considered as a
constant and dependent variable, whereas operative time,
bone fusion, and PreK constituted the independent variables. The naive Bayes classiﬁer model is also utilized for
investigating what aﬀects the KirkaldyWillis grade. All the
statistical analyses were performed using the R Project
(version 3.5.1, 2018, The R Foundation for Statistical
Computing), the R package e1071, corrplot needs to be
loaded. The results were considered statistically signiﬁcant at
p < 0.05.
Multiple Linear Regression [9] attempts to ﬁnd a linear
equation with known data to describe the relationship between two or more independent variables and dependent
variable and use this linear equation to predict the results.
Let the dependent variable be Y, and the k independent
variables aﬀecting the dependent variable be X1 , X2 , . . . , XK ,
respectively. Let us assume that the inﬂuence of each independent variable on the dependent variable Y is linear,
that is, under the condition that other independent variables
remain unchanged, the mean value of Y changes uniformly
with the change of independent variable Xi :
(1) (1)
(2) (2)
(K) (K)
Yi � β(0)
+ ε.
i + βi Xi + βi Xi + · · · + βi Xi

(1)

This is called the population regression model, and
(1)
(K)
are the regression parameters.
β(0)
i , βi , . . . , βi
The principle of naive Bayes classiﬁer [10] is a statistical
method. Bayes theorem is the theoretical basis of classiﬁer
modeling. It uses conditional probability principle, prior
information, and sample data information to determine the
probability of event occurrence. In addition, naive Bayes
model is a kind of generating model, which directly models
the joint probability to obtain the target probability. The
algorithm is as follows.
T � (x1 , y1 ), (x2 , y2 ), . . . , (xn , yn ), among them xi �
(j)
(2)
(K) T
(x(1)
i , xi , . . . , xi ) , xi is the jth independent variable of
the ith sample, ajl is the jth independent variable of the lth
value that it is possible to take j � 1, 2, . . . , K and
l � 1, 2, . . . , Sj ; yi ∈ c1 , c2 , . . . , cP .
(1) Calculate the prior probability and conditional
probability:

p � 1, 2, . . . , P,

(j)

ni�1 Ixi � ajl , yi � cp 
� ajl  Y � cp  �
,
ni�1 Iyi � cp 

(2) For a given sample of x � (x(1) , x(2) , . . . , x(n) )T ,
compute

(2)
j � 1, 2, . . . , K; l � 1, 2, . . . , Sj ; p � 1, 2, . . . , P.

K

PY � cp   PX(j) � x(j)  Y � cp ,

p � 1, 2, . . . , P.

j�1

(3)
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Table 1: The modiﬁed criteria of Lee et al for radiological fusion.

Grade
Deﬁnitive fusion
Probable fusion
Possible
pseudarthrosis
Deﬁnite
pseudarthrosis

Description
Deﬁnitive bony trabecular bridging across the graft-host interface, no movement (<3°) on a ﬂexion-extension
radiograph and no gap at the interface
No deﬁnitive bony trabecular crossing, but no detectable movement and no identiﬁable gap at the interface
No bony trabecular crossing, no movement, but identiﬁable gap at the interface
No traversing trabecular bone, deﬁnitive gap, and movement >3°

(3) Determine the classiﬁcation of sample x:
K

y � arg max PY � cp   PX(j) � x(j)  Y � cp .
cp

(4)

j�1

3. Result
We ﬁnd that blood loss (positive correlation) and focal
debridement (positive correlation) could aﬀect operative
time, but not bone fusion, gender, PreA, PostA, FFUA, age,
hospital stay, segments, follow-up, PreK, PostK, PreE, PostE,
FUUK, FFUE, and T_Level. We also ﬁnd that operative time
(positive correlation) could aﬀect blood loss, but not gender,
PreA, PostA, FFUA, age, hospital stay, segments, follow-up,
PostK, FUUK, PreK, PreE, PostE, FFUE, T_Level, and
T_FocalDebridement. We also ﬁnd age (positive correlation), PostE (negative correlation), and T_FocalDebridement (positive correlation) could aﬀect bone fusion, but not
gender, PreA, PostA, FFUA, hospital stay, segments, followup, PostK, PreE, FUUK, FFUE, and T_Level.
Final equation 1:
Operativetime � 108.27007 + 0.11575 ∗bloodloss
+ 23.61903∗ T _ FocalDebridement.

(5)

As for the inﬂuencing factor model of operative time, F
test is performed on the whole model (Table 2), its F-statistic
is 57.76 on 2 and 34 DF, and p value is 1.161e−11, indicating
that the model is signiﬁcant on the whole, that is, the model
is signiﬁcant highly. The goodness of ﬁt R2 is 0.7726, indicates that the model has a good ﬁtting eﬀect and can better
explain the inﬂuencing factors of operative time. In patients
with the same T_FocalDebridement, operative time increased by an average of 0.11575 if blood loss increases 1 ml,
its p value is 0.000168, which indicates that at the signiﬁcance level of 0.001, and blood loss has a signiﬁcant eﬀect on
the operative time. Also, operative time increased by an
average of 23.61903 as T_FocalDebridement increased by 1
segment when the blood loss is the same, its p value is
0.035237, which indicates that at the signiﬁcance level of
0.05, and T_FocalDebridement factor has a signiﬁcant eﬀect
on the operative time.
Final equation 2:
bloodloss � −506.0542 + 4.4878∗ operativetime.

(6)

As for the inﬂuencing factor model of blood loss, F test is
performed on the whole model (Table 3), and its F-statistic is

99.85 on 1 and 35 DF, and p value is 8.648e−12, indicating
that the model is signiﬁcant highly on the whole, that is, the
model is signiﬁcant. The goodness of ﬁt R2 is 0.7404, indicates that the model has a good ﬁtting eﬀect and can better
explain the inﬂuencing factors of blood loss. Blood loss
increased by an average of 4.4878 if operative time increased
1 min, its p value is 8.65e−12, which indicates that at the
signiﬁcance level of 0.001, and the operative time factor has a
signiﬁcant eﬀect on the blood loss.
Final equation 3:
Bonefusion � 2.75352 + 0.04326 ∗ Age − 0.08810 ∗ PostE
+ 1.53847 ∗ T_FocalDebridement.
(7)
As for the inﬂuencing factor model of bone fusion, F test
is performed on the whole model (Table 4), its F-statistic is
13.12 on 3 and 31 DF, and p value is 8.342e−06, indicating
that the model is signiﬁcant on the whole, that is, the model
is signiﬁcant highly. The goodness of ﬁt R2 is 0.5026, indicates that the model has a good ﬁtting eﬀect and can better
explain the inﬂuencing factors of bone fusion. In patients
with the same PostE and T_FocalDebridement, bone fusion
increased by an average of 0.04326 if age increases 1, its p
value is 0.00286, which indicates that at the signiﬁcance level
of 0.001, age has a signiﬁcant eﬀect on the bone fusion. Also,
bone fusion decreased by an average of 0.08810 as PostE
increased by 1 when the age and T_FocalDebridement are
the same, its p value is 0.03415, which indicates that at the
signiﬁcance level of 0.05, PostE factor had a signiﬁcant eﬀect
on the bone fusion. Also, bone fusion increased by an average of 1.53847 as T_FocalDebridement increased by 1
when the age and PostE are the same, its p value is 3.99e−06
indicates that at the signiﬁcance level of 0.001, and
T_FocalDebridement factor had a signiﬁcant eﬀect on the
bone fusion.
After deleting one sample in which KirkaldyWillis is
two, only the samples of KirkaldyWillis � 3 and
KirkaldyWillis � 4 are trained. The correlation coeﬃcient
matrices of gender, bone fusion, follow-up, FFUK, FFUA,
and FFUE are calculated, as shown in Table 5.
As shown in Figure 1, we can ﬁnd that the interior
color of each circle is lighter except the diagonal line,
indicating that the correlation coeﬃcient between variables is low and the degree of correlation is not high. The
above variables can be used for naive Bayes classiﬁcation
modeling.
The confusion matrix is obtained in Table 6.
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Table 2: Model summary for operative time.

(Intercept)
Blood loss
T_FocalDebridement
Statistic
F
R2

Primary independent variables
Standard error
17.71126
0.02739
10.76961
DF
(2, 34)

Coeﬃcient estimate
108.27007
0.11575
23.61903
Value
57.76
0.7726

p value
<0.001∗∗∗
<0.001∗∗∗
0.035∗
p value
<0.001∗∗∗

Table 3: Model summary for blood loss.
Primary independent variables
Standard error
103.9502
0.4491
DF∗∗∗
(1, 35)

Coeﬃcient estimate
−506.0542
4.4878
Value
99.85
0.7404

(Intercept)
Operative time
Statistic
F
R2

p value
<0.001
<0.001∗∗∗
p value
<0.001∗∗∗

Table 4: Model summary for bone fusion.

(Intercept)
Age
PostE
T_FocalDebridement
Statistic
F
R2

Primary independent variables
Standard error
0. 97119
0. 01342
0.03986
0.27879
DF
(3, 33)

Coeﬃcient estimate
2. 75352
0.04326
−0.08810
1.53847
Value
13.12
0.5026

p value
<0.01∗∗
<0.01∗∗
<0.05∗
<0.001∗∗∗
p value
<0.001∗∗∗

Table 5: Sample correlation matrix.
Gender
Bone fusion
Follow-up
FFUK
FFUA
FFUE

Gender
1.0000000
−0.2805976
−0.1155847
0.0715071
−0.1428571
0.3157139

Bone fusion
−0.2805976
1.0000000
0.2229494
0.2665206
−0.1624512
−0.2556321

Follow-up
−0.1155847
0.2229494
1.0000000
0.3185323
0.0761168
−0.0372737

Because naive Bayes model is a kind of generating model,
it directly models the joint probability to obtain the target
probability. Through modeling, we can only get the classiﬁcation probability of each sample, so as to determine the
category, that is, no explicit model can be obtained. The
classiﬁcation accuracy is 86.11%, which indicates the percentage of all correctly predicted samples to all samples;
recall is 96.6%, which indicates the correct percentage of all
samples predicted with KirkaldyWillis � 4; precision is
87.5%, which indicates the proportion of all KirkaldyWillis
samples predicted to be KirkaldyWillis � 4.

4. Discussion
Operative data of 37 patients with TST were recorded with
multiple indicators of the operative level. Multiple linear
regression is also suitable for analyzing the inﬂuence of

FFUK
0.0715071
0.2665206
0.3185323
1.0000000
−0.0449019
−0.0057099

FFUA
−0.1428571
−0.1624512
0.0761168
−0.0449019
1.0000000
−0.1733689

FFUE
0.3157139
−0.2556321
−0.0372737
−0.0057099
−0.1733689
1.0000000

multiple surgical factors on one operative variable. The
number of vertebral segments debridement is the most
important factor aﬀecting the operation time. When other
surgical factors remain unchanged, the greater the amount
of blood loss, the longer the operation time. Bone fusion
time is the most important factor aﬀecting blood loss. When
other surgical factors remain unchanged, the longer the
operation time, the longer the bone fusion time or the
greater the preoperative the KirkaldyWillis score, the greater
the blood loss. And both models have high R2 values. The
posterior transfacet-modiﬁed approach has been reported to
be a safe and eﬀective method for the treatment of thoracic
spinal tuberculosis (TST) with low morbidity in the precious
report [7]. However, the impact factors of the surgical approach for TST have not been intensively analyzed. Multiple
linear regressions are indeed applicable for analyzing the
impact of multiple factors on one operative variable. The aim

FFUK

Follow-up

Bone fusion

FFUA

FFUE
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Gender

1
0.8
0.6

FFUE
0.4
0.2

FFUA

0
Bone fusion

–0.2
–0.4

Follow-up
–0.6
FFUK

–0.8
–1

Figure 1: Sample correlation diagram.
Table 6: Confusion matrix.
Predicted
KirkaldyWillis � 4 KirkaldyWillis � 3
KirkaldyWillis � 4
3
4
Actual
KirkaldyWillis � 3
1
28

of this study was to validate the eﬃcacy and safety of
posterior modiﬁed transfacet surgical approach for the
treatment of TST by using multiple linear regressions. Naive
Bayes classiﬁer can classify category data well, with high
recall and accuracy. On the whole, the analysis results are
consistent with clinical results. Because naive Bayes is sensitive
to sample equilibrium, samples with KirkaldyWillis � 2 is
deleted before the classiﬁcation of KirkaldyWillis, so we cannot
judge the samples with KirkaldyWillis � 2, which needs to be
improved. Machine learning classiﬁcation methods, such as
decision tree, random forest, KNN, boosting, and SVM, can
also be used to classify other categories of surgical indicators.
The Naive Bayes classiﬁcation model could be used because the
correlation coeﬃcient between variables is low and the degree
of correlation is not high. The classiﬁcation accuracy, recall, and
precision for KirkaldyWillis scores are high. Therefore, the
Naive Bayes classiﬁcation model is reasonable to classify the
KirkaldyWillis scores.
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