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Abstract: Objective: To evaluate the clinical effects and feasibility of single-stage posterior articular process ap-
proach in surgical treatment of thoracic spinal tuberculosis by internal fixation and fusion. Method: This is a ret-
rospective study including 32 patients with thoracic spinal tuberculosis and vertebral destruction in our hospital 
from November 2012 to August 2015. All patients were treated with the one-stage posterior articular process 
approach to focus on debridement, bone autograft and posterior pedicle screw fixation and fusion. Then the anti-
tubercular drugs were taken strictly post-operation. We measured the radiographic parameters, including kyphosis 
(Cobb) angle and sagittal balance, and evaluated the America Spinal Injury Association grade (ASIA), the Japanese 
Orthopaedic Association Scores (JOA), the visual analog scale score (VAS), and the long-term complications and 
symptoms. Meanwhile, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were detected to evaluate 
the activity and recurrence of tuberculosis (TB). Result: There were 18 males and 14 females with an average age 
of 48.9 years (ranging 10 to 76 years). The 32 patients underwent a mean follow-up period of 25.6 months (rang-
ing from 12 to 45 months). According to the preoperative ASIA score, there were 5 cases grade B, 9 grade C, 10 
grade D, and 8 grade E. The involved segments included 23 cases in 1 segment, 4 cases in 2 segments, 4 cases 
in 3 segments, and 1 case in 4 segments. The kyphosis Cobb angle ranged from 13.3° to 50.5° (mean 27.6°). 
The 30 patients were completely cured with no recurrence, and 2 patients (6.25%) were recurrent. One was cured 
with a second surgery and the other was cured under conservative therapy. The mean time of the operation was 
158±86 min (120-220 min) and intraoperative blood loss was 324±286 mL (200-750 mL). At the last follow-up 
day, 9 cases (30%) improved by two grades, 13 cases (43.3%) improved by one grade, and 8 cases (26.7%) did not 
improve according to the ASIA grade. The mean improvement rate of ASIA is 73.3% (including an improved 1 or 2 
grades). There was a significant difference between pre-operation day and the final follow-up (P<0.01). The Kyphotic 
cobb angle decreased to 6.2-18.9° (mean 10.5°) (t=12.267, P<0.01), with an average correction angle of 17.1°, 
average correction rate of 62%, and loss of correction of only 1.8° at the final follow-up (t=11.687, P<0.01). The 
JOA score increased from 5.5±3.3 to 8.8±3.3 (t=-7.287, P<0.01) and the mean rate of improvement was 60%. The 
VAS decreased from 6.8±1.6 to 1.7±2.3 (t=14.739, P<0.01) and the average rate of improvement was 75%. Finally, 
the ESR and CRP dropped from 35.5±20.0 mm/h and 45.3±46.8 mg/L to 8.6±5.8 mm/h (t=9.876, P<0.01) and 
8.8±7.4 mg/L (t=11.324, P<0.01). Conclusion: This treatment is an efficient and feasible method, and it causes low 
trauma and destruction of the posterior structure of the thoracic vertebrae. However, careful selection of patient is 
critical to the successful outcome of this technique.

Keywords: Thoracic tuberculosis, articular process approach, intervertebral foramen approach, posterior surgical 
approach

Introduction

Since 2010s, the incidence and morbidity of 
tuberculosis significantly raised with the incre- 
ase of tuberculosis resistance and HIV infec-
tion rate. Especially in poor developing coun-

tries, it has been an important factor that influ-
enced the human health [1]. Spinal tuberculosis 
is the most common type of the bone and joint 
tuberculosis, accounting for approximately 50% 
to 70%. The focus could damage vertebral sta-
bility and then lead to spinal kyphotic deformity, 
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which could also compress the medulla spina-
lis causing dysneuria, paraplegia and even 
death [2, 3]. Antituberculosis drugs are critical 
to cure tuberculosis, in which the first choice is 
multiple drug combination chemotherapy for 
spinal tuberculosis. However, surgical interven-
tion is necessary for the complications induced 
by treating tuberculosis, especially the severe 
neurological dysfunction, rest pain and severe 
spinal kyphotic deformity [4]. At present, the 
operation of thoracic tuberculosis includes 
anterior, posterior and anterior combined pos-
terior approach (posterior spinal fusion follo- 
wed by anterior spinal fusion). Anterior approach 
to the thoracic spine is challenging, and the 
posterior approach is preferred, especially with 
the use of minimally-invasive surgery, which 
provides the smaller wound [5]. However, the 
traditional posterior approach requires the 
resection of the transverse process of the tho-
racic vertebra, a part of the ribs, the vertebral 
plate, spinous process, and even the corre-
sponding nerve root beside the lesion in the 
traditional posterior approach. So, we came up 
with posterior articular process approach that 
was modified from the traditional posterior 
approach decreasing the resection range. The- 
re are a few reports on the treatment of tho-
racic spinal tuberculosis using a similar meth-
od. The present study aims to assess the clini-
cal and radiographic outcomes of the one-stage 
surgical treatment for thoracic spinal tuberculo-
sis through internal fixation, debridement and 
fusion via the posterior articular process ap- 
proach.

Materials and methods

Sample

A total of 32 patients with thoracic spinal tuber-
culosis and vertebral destruction were includ- 
ed in the investigation at Lanzhou University 
Second Hospital from November 2012 to Au- 
gust 2015. Most symptoms were chest and 
back pains, marasmus, fever, hypodynamia 
and significant spinal kyphosis. Some patients 
also presented with different degrees of neu- 
rological deficits. Patients met the following 
indications of surgery: (1) progressive neuro-
logical deficit, (2) persisting pain due to instabil-
ity, (3) severe kyphosis or kyphosis likely to 
progress, and (4) poor outcomes following con-
servative treatment.

Diagnosis of tuberculosis mainly depended on 
typical symptoms (such as low-grade fever, 
night sweat, weight loss and anorexia), labora-
tory examinations (such as CRP and ESR), 
rachiterata and bone damage observed by X 
ray, CT and MRI, and combined the results of 
acid-fast stain of postoperative lesions, myco-
bacterium tuberculosis cultivation and patho-
logical examination with one-state surgical tre- 
atment by internal fixation, debridement and 
fusion via the posterior articular process ap- 
proach, and strictly combined with chemother-
apy according to the 3HRES+9HRE (H: Isonia- 
zid, R: rifampicin, E: ethambutol, S: streptomy-
cin; 3 months; 9 months) [6]. Patients could 
stop the drugs when no active TB was found. 

Preoperative preparation

After confirmed diagnosis of thoracic tuberculo-
sis, patients were regularly treated with antitu-
berculosis drugs, and treated with operations 
after 2 weeks if the patients had no neurologi-
cal deficit or mild neurological dysfunctions and 
aggravation. Meanwhile, if they had neurologi-
cal deficit which reflected an aggravating trend, 
they were treated with antituberculosis drugs 
and received an emergency care. The patients 
were first treated with medical treatment when 
they experienced severe hypertension, diabe-
tes mellitus or severe heart, lung, liver and kid-
ney dysfunctions at the same time, until they 
had no contraindication risks for operation. 

Interventions 

After general anesthesia, the patient was 
placed in prone position and provided with a 
hollow cushion and abdominal suspension. The 
pathological vertebral body was considered as 
the center, and then a posterior median inci-
sion was made, and treated with upper and 
lower incisions to extend to a normal vertebral 
body separately. The bilateral paravertebral 
muscles were dissected to expose the verte-
bral plate and processus transversus, and ped-
icle screws were implanted into the cranial and 
caudal adjacent vertebrae. If the vertebral body 
was seriously damaged, the temporary pedicle 
screw was used to prevent the collapse of the 
vertebra aggravating the nerve damage during 
focal cleaning. Along the lateral border of the 
articular process, gun bone rongeur was used 
to bite the facet joint of the segments beside 
the lesions layer by layer in order to expose the 
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nerve root under it. The nerve roots were moved 
to the side and then protected closely from the 
foramen intervertebrale to the focal interverte-
bral space. Nucleus pulposus forceps and spat-
ula were used to completely resect the necrotic 
tissue and the osteonecrosis of the upper and 
lower vertebrae. Meanwhile, the angle head 
nucleus pulposus forceps and the spatula were 
used to strike the lesions off, clean the focus 
and intervertebral disk as well as the soleplate 
of corresponding segments (Figure 1). Provided 
that the anterior spinal cord was oppressed, 
the vertebral plate could be excised partly. The 
lateral spinal canal firstly needed to reduce the 
pressure, and the anterior lesion of the dural 
sac was taken out by pushing it from the out-
side to the forward position to achieve the pres-
sure reduction. After clearing the tuberculous 
necrotic tissue completely, a 200-300 mL 3% 
H2O2 solution and normal saline were used to 
wash the lesions, and then implanted into the 
biting autogenous bone. If the lesion had mul-
tiple segments or a bilateral abscess, the above 
method was applied to handle other segments 
and contralateral lesions. Then the pedicle 
screw was used to fix the upper and lower seg-
ments that were adjacent to the disease verte-
brae. If the residual part of the diseased verte-
bral body was located in the upper vertebral 
body, it could be controlled using the screw, or 
be fixed with a nail on the diseased vertebrae. 
After firm fixation, drainage tube was implanted 
and the incision was sewed up.

Postoperative management 

During the first postoperative week, we routine-
ly observed the wound drainage, altered neural 
function state and postoperative complications 
of patients. When no liquid was drained from 
the drainage tube after 4 to 7 days of the oper-
ation, the tube was pulled out before leaving 
the hospital. Additionally, if the patients contin-
ued to be treated with antituberculosis drugs 
for at least 12 months after the operation, they 
should lie in bed for 3 to 4 weeks. If not, they 
should sit and walk supported by the fixation 
equipment for a period of 12 weeks. Posto- 
perative X-rays were obtained for all patients, 
and partial cases described above also need- 
ed to be checked by the CT to evaluate the 
operative conditions and inter fixed position. 
Few patients required a postoperative CT-scan 
in order to evaluate the local situation and  

the instrumentation. Additionally, ESR, C reac-
tion protein (CRP), liver and kidney functions 
and imaging examination were measured mon- 
thly.

Statistical analysis 

The SPSS 19.0 software (SPSS, Inc., Chicago, 
IL, USA) was used to statistically analyze the 
preoperative and postoperative observation 
indexes. The paired t test was used to analyze 
the JOA scores, VAS scores, Cobb angles, ESR 
and the CRP of preoperative, postoperative as 
well as the follow-up. Meanwhile, the nonpara-
metric rank sum test was conducted to analyze 
the ASIA degree, and the enumeration data 
was presented as percentages and analyzed by 
the χ2 test. P<0.05 was considered the differ-
ences with statistical significance.

Results

This study included 18 males and 14 females 
with an average age of 48.9 years (range 10 to 
76 years). All 32 patients underwent a follow-up 
period with a mean of 25.6 months (ranging 
from 12 to 45 months). According to the preop-
erative ASIA score, 5 cases were in grade B, 9 
cases in grade C, 10 cases in grade D and 8 
cases in grade E. The involved segments were 
as following: 23 cases located in 1 segment, 4 
cases in 2 segments, 4 cases in 3 segments, 
and 1 case in 4 segments. The kyphosis Cobb 
angle ranged from 13.3° to 50.5° (mean 
27.6°). The operation time was 120-220 min 
with an average of 158±86 min. The operative 
bleeding volume was 200-750 mL with an 
average of 324±286 mL (Table 1). The patients 
presented no acute complication, such as po- 
stoperative spinal cord compression or inter- 
costal nerve injury. After the operation, all 30 
cases were relieved, whose pains of chest and 
back relieved postoperative 1 to 3 weeks, and 
their CRP and ESR gradually recovered to nor-
mal postoperative 1 to 2 months (mean ± SD). 
2 patients (6.25%) showed tuberculosis recur-
rence, aged 74 and 69 years old, whose cours-
es of disease were 36 and 38 months respec-
tively. Involved segments were T5/6, T6/7, 
T7/8, T8/9, and T9/10, and their preoperative 
ASIA degrees were B and C. Postoperative 
nerve function all improved to D degree, and 
the sinus tract was formed postoperative 6 to 
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Table 2. ASIA grade of neurological function at preoperation and 
followed-up
ASIA grade of preoperation N ASIA degree of last time follow-up
A A B C D E
B 6 1 2 3
C 9 1 2 6
D 10 1 9
E 8 8
Overall improvement rate* 73.3%
Overall improvement rate*= the case number of ASIA score rising at least a degree/
overall cases × 100%.

Figure 1. Mode pattern and pictures of surgery via posterior articular process approach. (A, B) Mode pattern for os-
teotomy range of articular process and location at posterior view (A) and lateral view (B), the blue area is the range of 
osteotomy (F: intervertebral foramen A: articular process); (C, D) Seeing superior articular process after cutting the 
inferior articular process on mode pattern (C) and picture (D); (E, F) Cutting articular process completely on mode 
pattern (E) and picture (F); (G, H) Using elbow nucleus pulposus clamp to resect necrotic tissue in intervertebral 
tuberculous focus through above approach.

Table 1. The demographics, number of involved segments, operation time, amount of bleeding and 
the follow-up time
Gender (N) Involved segments amount Age Operation time Bleeding volume Followed-up
Male 1 2 3 4
Female 18 N=23 N=4 N=4 N=1 48.9 years 158±86 min 324±286 ml 25.6 months

10 months. Reexamination imaging results re- 
vealed that tuberculosis recurred, local abscess 
formed while there was no column abscess. 
One patient was treated with the above opera-
tion again and cured, and the other case sh- 
owed sinus closure after expectant treatment 

but did not need a second 
operation.

The nerve function and pa- 
ins all significantly improv- 
ed in the 30 cases of cured 
patients after the operation 
than before the operation. 
All 30 patients were com-
pletely cured with no re- 
currences, but 2 patients 
(6.25%) were recurrent. One 
was cured by a second sur-
gery and the other was cu- 

red by conservative theapy. The ASIA scores 
improved from 2 degrees in 9 cases (30%), 1 
degree in 13 cases (43.3%) (Shown in Table 2), 
and overall improvement rate was 73.3%. The 
JOA sc-ore improved from preoperative 5.5± 
3.3 to postoperative 8.8±3.3. There was a sta-
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tistically significant difference (t=-7.287, P< 
0.01), and its overall improvement rate was 
60%. The VAS score improved from preopera-
tive 6.8±1.6 to postoperative 1.7±2.3, and 
there was a statistically significant difference 
(t=14.739, P<0.01) (Shown in Table 3). The pre-
operative anterior curvature Cobb angle was 
27.6°±8.8° and it decreased to the postopera-
tive 10.5°±2.5°; the difference had a statistical 
significance (t=12.267, P<0.01). During the last 
follow-up, the Cobb angle was 12.3°±2.7°, and 
the lost average angle was 1.8°; the difference 
showed statistical significance (t=11.687, P< 
0.01) (See Figure 2). Preoperative ESR and  
CRP were 5.5±20.0 mm/h and 45.3±46.8 
mg/L respectively. The ESR increased to 8.6± 
5.8 mm/h (t=9.876, P<0.01) and CRP decre- 
ased to 8.8±7.4 mg/L (t=11.324, P<0.01) at 
the last follow-up (See Table 3).

Discussion

Following the recent development of the surgi-
cal concept, surgical operation has been grad-
ually accepted to treat spinal tuberculosis. 
Although the key is also the strong antitubercu-
losis drug to treat tuberculosis, the lesion could 
seriously damage the bones due to the cry- 
pticity of this disease confirmed in some pati- 
ents. It led to the collapse of vertebra or a ne- 
rve root compression caused by peripheral 
abscess, and conservative treatment could not 
effectively relieve the symptom. Therefore, the 
tuberculous focus must be cleared using surgi-
cal means to correct the malformation, and to 
release the nerve roots compression keeping 
the stability of the spine. Nowdays, surgical 
treatment is controversial. Hodgson and Stock 
first reported the anterior surgery for spinal 
tuberculosis in 1960 [7]. This approach permit-

ted to broadly expose the 
lesions and resect it un- 
der the direct visual con-
trol. However, more inves-
tigations were needed [8] 
and it might be widely ac- 
cepted to treat tuberculo-
sis of thoracic vertebra 
[9]. In the anterior appro- 
ach, the pleura, intercos-
tal nerve and vessels we- 
re needed to be opened 
[10], which might cause 
the aerothorax, pneumo-

Table 3. JOA scores, VAS scores, Cobb angle, ESR and CRP at preoper 
ation and followed-up

JOA VAS Cobb angle ESR (mm/h) CRP (mg/L)
Preoperation 5.5±3.3 6.8±1.6 27.6±8.8° 35.5±20.0 45.3±46.8
Followed-up 8.8±3.3 1.7±2.3 12.3±2.7° 8.6±5.8 8.8±7.4
Improvement rate 60% 75% 55.4%
t -7.287 14.739 11.687 9.876 11.324
*P <0.01 <0.01 <0.01 <0.01 <0.01
Improvement rate of JOA score = (followed JOA score-preoperative JOA score)/(11-pre-
operative JOA score) × 100%; Improvement rate (VAS, ESR, CRP and Cobb angle) = 
(preoperation-followed-up)/preoperation × 100%; *P<0.05 presented that the differ-
ences were statistically significant between preoperative and postoperative scores.

nia and the injury of blood vessel because it 
would pass the pleural cavity and needs one-
lung ventilation. Moreover, it causes more bl- 
ood loss and a long operative time. So, it is pro-
hibited for patients with poor health and lung 
function [11-13].

The posterior approach could avoid some dis-
advantages of anterior approach especially 
with the further development of the spinal 
screw system. Posterior focus debridement 
and bone graft fusion combined with an inter-
nal fixation system could carry out posterior 
spinal decompression, improve the oppression 
symptoms of the nerve, and correct the kyphot-
ic deformity [14]. Current clinical options are 
divided into 1) extended rib transverse projec-
tion approach: resect the transverse process of 
the thoracic vertebra, rib, the vertebral plate, 
the spinous process and the condyloideus 
mandibulae processus, and also resect the cor-
responding nerve root beside the lesion, clear 
the lesions along the posterolateral part of the 
vertebral body to the forward part, which pro-
vides a 270° wide-bound surgical field to cle- 
ar lesions completely under the direct look  
[15]; 2) transpedicular approach: resect the 
superior and inferior articular processes, pro-
cessus tranversus, spinous process and the 
vertebral plate but preserve the rib, and then 
clear the tuberculous focus in the vertebral 
body and intervertebral space [16]. Even th- 
ough the traditional posterior approach at- 
tained therapeutic effects in treating tuberculo-
sis and performed well in releasing neurothlip-
sis and the correction of malformation, some 
researchers implemented different operations 
according to the disease degree in order to 
achieve minimal trauma but the best efficacy. 
Based on this, Nussbaum et al determined that 
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extensive and thorough debridement can be 
only suitable for patients with larger lesions, 
heavier degree and significant vertebral ero-
sion [17]. Rezai et al also noted that thorough 
debridement was only suitable for patients wi- 
th over 50% vertebral destruction [18]. Some 
researchers showed that one-stage surgical 
treatment for upper thoracic spinal tuberculo-
sis by internal fixation, debridement, and com-
bined interbody and posterior fusion via a pos-
terior-only approach can be an effective and 
feasible treatment method [19-21]. Zeng et al 
[22] found that One-stage posterior-only trans-
pedicular debridement, interbody fusion, and 
posterior fixation followed by chemotherapy se- 

ems to be adequate for obtaining satisfactory 
healing of single-segment thoracic spinal tu- 
berculosis with neurological deficits. Our surgi-
cal option had comparable results [22]. Based 
on the transthoracic transforaminal approach 
(TTIF) technique [23], we improved the opera-
tive common thoracic tuberculosis by the pos-
terior approach, in which we preserved the rib 
and processus transversus as well as the integ-
rity of the posterior column of the spine at a 
large degree. It is notable to prevent touching 
pleura from the risk of pleural rupture. Ad- 
ditionally, we conducted the fusion of the bone 
graft between the lamina, the articular process 
and the spinous process during the surgery, 

Figure 2. A 70-year-old female patient with thoracic spinal tuberculosis. Chief complaint: Coughing for 6 months, 
back pain for 2 months, activity limitations of both lower limbs for 10 days. Physical examination: hypoesthesia be-
low bilateral nipple plane, myodynamia of bilateral lower limbs was 0-1 grade. Babinski sign (+); (A-C) Thoracic MRI 
and CT showing T4 vertebrae destroyed and collapsed (white arrow). Kyphotic Cobb angle was 31.2°, intervertebral 
abscess compressed the front of the spinal, no gravitation abscess; (D, E) Anterioposterior and lateral X-ray films 
at post-operation showed good position of internal fixation, Kyphotic Cobb angle was 12.6°; (F) Lateral X-ray film at 
3-year post-operation showed slight loss of kyphotic Cobb angle 13.8°and interbody.
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and then fixed them with pedicle screws of 
three columns after the operation. It provided 
immediate stabilization, but also showed long 
term torsion resistance and flexural resistance. 
Therefore, this approach preserved the spinal 
stability to a large extent and provided assur-
ance for bony fusion of lesion segments.

Our surgical approach was improved on the 
basis of traditional posterior approach surgery 
and took advantages of the physiological ch- 
annel thoracic intervertebral space to resect 
smaller tissue, thus maximally keeping the nor-
mal structure of the posterior spine.

This study has some limits. Two recurrent pa- 
tients had a long course of disease and more 
invading vertebral segments. They showed im- 
munodepression and enlarged exposed space 
and the lesions were cleared completely. The- 
refore, the disease was recurrent after the 
operation. Our experience suggested that the 
patients should be treated with the anterior or 
classical posterior approach using wider expo-
sure when there is a long course, poor immune 
function, tuberculosis resistance, more invad-
ing vertebral segments and larger abscess or 
column abscess around it. On the other hand, 
the retrospective case study had poor quality 
due to the limited cases and short follow-up 
time.

Conclusions

One-state surgical treatment by internal fixa-
tion debridement and fusion via posterior artic-
ular process approach is a safe and effective 
therapy for thoracic spinal tuberculosis. It pro-
vides the correction of spinal deformity and 
good clinical results with low damage to the 
posterior elements of the spinal column, and 
less damage to the posterior column of the spi-
nal column. However, it is mainly suitable for 
cases with a focus of tuberculosis confined to 
the posterior side of the vertebral body, invad-
ed 1 to 2 segments as well as short course of 
disease, and it is also needed to strictly define 
the surgical efficacy and safety.

Acknowledgements

This work was supported by the International 
Cooperation Base of Gansu Province for the 
Pain Research in Spinal Disorders, China and 

the Doctoral Scientific Research Fund of Lan- 
zhou University Second Hospital, China (NO.
ynbskyjj2015-2-10).

Disclosure of conflict of interest

None.

Address correspondence to: Xue-Wen Kang and 
Jing Wang, Lanzhou University Second Hospital, 
Lanzhou, Gansu Province, China. Tel: +861391- 
9026469; E-mail: ery_kangxw@lzu.edu.cn (XWK); 
wangjing1mail@163.com (WJ)

References

[1] Raviglione M, Sulis G. Tuberculosis 2015: bur-
den, challenges and strategy for control and 
elimination. Infect Dis Rep 2016; 24: 6570.

[2] Polley P, Dunn R. Noncontiguous spinal tuber-
culosis: incidence and management. Eur Sp- 
ine J 2009; 18: 1096-101.

[3] DeLance AR, Safaee M, Oh MC, Clark AJ, Kaur 
G, Sun MZ, Bollen AW, Phillips JJ, Parsa AT. Tu-
berculoma of the central nervous system. J 
Clin Neurosci 2013; 20: 1333-41.

[4] Alam MS, Phan K, Karim R, Jonayed SA, Munir 
HK, Chakraborty S and Alam T. Surgery for spi-
nal tuberculosis: a multi-center experience of 
582 cases. J Spine Surg 2015; 1: 65-71.

[5] Ma YZ, Cui X, Li HW, Chen X, Cai XJ, Bai YB. 
Outcomes of anterior and posterior instrumen-
tation under different surgical procedures for 
treating thoracic and lumbar spinal tuberculo-
sis in adults. Int Orthop 2012; 36: 299-305.

[6] Wu QQ. Chemiotherapy of spinal tuberculosis. 
Chinese Journal of Spine and Spinal Cord 
2004; 14: 12.

[7] Hodgson AR, Stock FE, Fang HS, Ong GB. Ante-
rior spinal fusion. The operative approach and 
pathological findings in 412 patients with 
Pott’s disease of the spine. Br J Surg 1960; 48: 
172-8.

[8] Hirakawa A, Miyamoto K, Masuda T, Fukuta S, 
Hosoe H, Iinuma N, Iwai C, Nishimoto H and 
Shimizu K. Surgical outcome of 2-stage (poste-
rior and anterior) surgical treatment using spi-
nal instrumentation for tuberculous spondyli-
tis. J Spinal Disord Tech 2010; 23: 133-8.

[9] Bailey HL, Gabriel M, Hodgson AR and Shin JS. 
Tuberculosis of the spine in children. Operative 
findings and results in one hundred consecu-
tive patients treated by removal of the lesion 
and anterior grafting. J Bone Joint Surg Am 
1972; 54: 1633-57.

[10] Benli IT, Acaroğlu E, Akalin S, Kiş M, Duman E 
and Un A. Anterior radical debridement and an-
terior instrumentation in tuberculosis spondyli-
tis. Eur Spine J 2003; 12: 224-34.



Debridement and fusion via posterior articular process approach

7608 Int J Clin Exp Med 2019;12(6):7601-7608

[11] Erturer E, Tezer M, Aydogan M, Mirzan C and 
Ozturk I. The results of simultaneous posterior-
anterior-posterior surgery in multilevel tuber-
culosis spondylitis associated with severe ky-
phosis. Eur Spine J 2010; 19: 2209-15.

[12] Zhang HQ, Guo CF, Xiao XG, Long WR, Deng ZS 
and Chen J. One-stage surgical management 
for multilevel tuberculous spondylitis of the up-
per thoracic region by anterior decompression, 
strut autografting, posterior instrumentation, 
and fusion. J Spinal Disord Tech 2007; 20: 
263-7.

[13] Pettiford BL, Schuchert MJ, Jeyabalan G, Lan-
dreneau JR, Kilic A, Landreneau JP, Awais O, 
Kent MS, Ferson PF, Luketich JD, Peitzman AB 
and Landreneau RJ. Technical challenges and 
utility of anterior exposure for thoracic spine 
pathology. Ann Thorac Surg 2008; 86: 1762-8.

[14] Wu P, Wang XY, Li XG, Shen XJ, Pang XY, Luo 
CK, Xu ZQ, Zeng H, Zhang PH and Peng W. One-
stage posterior procedure in treating active 
thoracic spinal tuberculosis: a retrospective 
study. Eur J Trauma Emerg Surg 2015; 41: 
189-97.

[15] Zhang H, Sheng B, Tang M, Guo C, Liu S, Huang 
S, Gao Q, Liu J and Wu J. One-stage surgical 
treatment for upper thoracic spinal tuberculo-
sis by internal fixation, debridement, and com-
bined interbody and posterior fusion via poste-
rior-only approach. Eur Spine J 2013; 22: 
616-23.

[16] Wu P, Luo C, Pang X, Xu Z, Zeng H and Wang X. 
Surgical treatment of thoracic spinal tubercu-
losis with adjacent segments lesion via one-
stage transpedicular debridement, posterior 
instrumentation and combined interbody and 
posterior fusion, a clinical study. Arch Orthop 
Trauma Surg 2013; 133: 1341-50.

[17] Nussbaum ES, Rockswold GL, Bergman TA, Er-
ickson DL, Seljeskog EL. Spinal tuberculosis: a 
diagnostic and management challenge. J Neu-
rosurg 1995; 83: 243-7.

[18] Rezai AR, Lee M, Cooper PR, Errico TJ and Ko-
slow M. Modern management of spinal tuber-
culosis. Neurosurgery 1995; 36: 87-97.

[19] Zhang H, Sheng B, Tang M, Guo C, Liu S, Huang 
S, Gao Q, Liu J and Wu J. One-stage surgical 
treatment for upper thoracic spinal tuberculo-
sis by internal fixation, debridement, and com-
bined interbody and posterior fusion via poste-
rior-only approach. Eur Spine J 2013; 22: 
616-23.

[20] Wu P, Luo C, Pang X, Xu Z, Zeng H and Wang X. 
Surgical treatment of thoracic spinal tubercu-
losis with adjacent segments lesion via one-
stage transpedicular debridement, posterior 
instrumentation and combined interbody and 
posterior fusion, a clinical study. Arch Orthop 
Trauma Surg 2013; 133: 1341-50.

[21] Wu WJ, Lyu JT, Liu X, Luo F, Hou TY, Zhou Q, Li 
ZL, Chen Y, Li LT, Zheng YH, Wang GJ, Xu JZ, 
Zhang ZH. Surgical treatment of thoracic spi-
nal tuberculosis-a multi-center retrospective 
study. World Neurosurgery 2017; 110.

[22] Zeng H, Zhang P, Shen X, Luo C, Xu Z, Zhang Y, 
Liu Z, Wang X. One-stage posterior-only ap-
proach in surgical treatment of single-segment 
thoracic spinal tuberculosis with neurological 
deficits in adults: a retrospective study of 34 
cases. BMC Musculoskeletal Disorders 2015; 
16: 186.

[23] Machino M, Yukawa Y, Ito K, Nakashima H and 
Kato F. A new thoracic reconstruction tech-
nique “transforaminal thoracic interbody fu-
sion”: a preliminary report of clinical outco- 
mes. Spine (Phila Pa 1976) 2010; 35: E1000-
5.


