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Abstract
Study design:This is a retrospective study

Objective:The purpose of this study was to evaluate the clinical e�cacy of primary anterior debridement,
bone graft fusion and internal �xation in the treatment of short segmental thoracic tuberculosis.

Methods

We performed a retrospective analysis of 16 adult patients with short segment thoracic spinal TB who
underwent surgery between September 2013 to March 2017. All the 16 patients were treated using a
single primary anterior debridement, bone graft fusion and internal �xation. Clinical manifestations,
laboratory, neurological symptoms,bone fusion and imaging results were subjected to statistical analysis.

Results

All patients underwent operation successfully. The symptoms of chest and back pain were alleviated and
disappeared at 1–6 months postoperatively.Patients were followed up for 24–48months (average, 35.6 
±9.6 months). Among 16 patients, no recurrence, and all the patients got bony spinal fusion within 4 to 8
months after surgery judging by spinal x-ray �lm.

The preoperative ESR and CRP level of all patients were 72.6 ± 27.5 mm/h and 75.7 ± 25.9 mg/L, which
decreased to 15.9 ± 4.6 mm/h and 4.7 ± 2.0 mg/L at the �nal follow-up, respectively. The preoperative
thoracic kyphosis angle were 18.2± 4.1°respectively. The corresponding postoperative angles were
ameliorated signi�cantly to 9.1 ±1.9°.

During the follow-up, spinal paraplegia was signi�cantly improved in all patients. Neurologic status of the
16 patients with preoperative neurologic defcit was 3 with grade A recovered to normal; 4 with grade B
recovered to normal; 4 with grade C recovered to normal; 3 with grade A recovered to grade D; 1 with
grade B recovered to grade D;1 with grade C recovered to D.

Conclusion

The clinical results of primary anterior debridement, bone graft fusion and internal �xation in the
treatment of short segmental thoracic tuberculosis with paraplegia or incomplete paralysis can be an
effective and feasible treatment method.

Background
Tuberculosis (TB) is caused by Mycobacterium tuberculosis. over the past decades, the incidence of
spinal tuberculosis has continued to increase due to population growth, acceleration of mobility, and HIV
infection and spread [1]. Spinal tuberculosis is one of the most common extrapulmonary tuberculosis,
accounting for the top tuberculosis of total bones and joints[2]. Spinal tuberculosis with paraplegia or
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incomplete paralysis accounts for about 10% ~ 46% of spinal tuberculosis cases[3]. Spinal tuberculosis
can result in serious consequences without proper therapy in time. Spinal tuberculosis forms abscesses,
sequestrum, and tuberculous granulation tissue, which enter the spinal canal to compress the spinal cord,
causing nerve damage or even paraplegia.Which were described by Sir Percival Pott in 1779. Thus, it is
popularly known as Pott’s spine [4]. Tuberculous spondylitis (Pott's disease), a common extrapulmonary
manifestation of tuberculosis (TB), typically presents with back pain, tenderness, paraparesis/paraplegia,
and various constitutional symptoms.Although treatment with powerful anti-tuberculosis drugs has been
used, surgical management is also critical. Based on combination chemotherapy, active surgical
treatment has been accepted and can effectively shorten the treatment cycle, promote tuberculosis cure,
reduce morbidity, and improve the quality of life[5].

The anterior segment, the weight-bearing area of the vertebral column, is preferred for spinal tuberculosis
infection. Destruction of the anterior column alters the biomechanics and stability of the spine, which
increases the risk of kyphosis and paraplegia progression in patients [6, 7]. Determining the optimal
operative method is crucial, especially for Pott's paralysis of tuberculosis of short segment thoracic
vertebra. Anterior lesion removal bone-grafting fusion has always been a classic surgical procedure for
the treatment of spinal tuberculosis[8],Because it not only can directly reach the lesion site with a larger
operative horizon to completely remove lesions, but also anterior surgery can completely expose the
lesions and such lesions can then be completely removed under direct vision to reduce the compression
of the spinal cord. Bone grafting can be performed to correct kyphotic deformities and re-establish spinal
stability[9], Moreover, full neural decompression, ample spinal stability reconstruction, and enough
deformity correction can be achieved in one stage [10]. The anterior procedure leads to early resolution of
the disease and faster fusion.Although the posterior approach, which is used routinely in spinal operation,
may show some advantages, it damages the residual normal structure against spinal stability and
disease healing [11]. Thus,Anterior surgery is more suitable for spinal tuberculosis paraplegia or
incomplete paralysis, especially Pott's paralysis of tuberculosis of short segment thoracic vertebrae.
Therefore, we investigated clinical outcomes of the anterior procedure for treating patients with
tuberculosis paraplegia or incomplete paralysis of short segment thoracic vertebrae.

Methods
Materials

From September 2013 to March 2017, 16 patients (age range 23–74 years, with an average age of 46.3 ± 
14.5years) with paraplegia or incomplete paralysis of short segment thoracic vertebrae tuberculosis,
including 7 men and 9 women, who underwent anterior debridement, bone grafting fusion and anterior
�xation in our hospital enrolled the study.

Patients who met of the following conditions were selected: (i) Thoracic tuberculous with destruction of
one or two segments of the vertebral body, (ii) A mild kyphotic deformity(Cobb angle<30º), (iii) persisting
back pain attributed to spinal instability and (iv) poor response to medical management,(v) the vertebral
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segment can be treated with right anterior internal �xation, (vi) the patient has developed paraplegia or
incomplete paralysis,(vii)there were no contraindications for cardiac function and pulmonary function.

Exclusion criteria were: (i) multi-segmental involvement with severe destruction of vertebral bodies, (ii) the
patient did not have paraplegia or incomplete paralysis, (iii) severe kyphosis (Cobb angle >30º), (iv)
previous thoracic surgery and (v) severe or active tuberculosis,(vi)there are contraindications to
thoracotomy.

Spinal tuberculosis was diagnosed based on patients’ symptoms (local pain and percussion pain
accompanied with fever, night sweats, and neurological dysfunction), laboratory results (T-spot,
tuberculosis antibody, erythrocyte sedimentation rate [ESR], and C-reactive protein [CRP]) and radiologic
�ndings (radiography, computed tomography, and magnetic resonance imaging) and was con�rmed by
postoperative pathology examinations. Imaging studies showed vertebral body destruction, intervertebral
space collapse, kyphosis, paravertebral abscess, and intraspinal invasion. Regarding thoracic vertebral
damage, 1 patients had thoracic vertebrae 5 and 6 damage (T5-T6), 2 patients had thoracic vertebrae 6
and 7 damage (T6-T7), 2 patients had thoracic vertebrae 7 and 8 damage (T7-T8), 4 patients had thoracic
vertebrae 8 and 9 damage (T8-T9), 5 patients had thoracic vertebrae 9 and 10 damage (T9-T10),2
patients had thoracic vertebrae 10 and 11 damage (T10-T11) (Table 1). The same surgeons reviewed the
surgical indications and performed the procedures.The patients were evaluated preoperatively and
postoperatively in terms of Frankel Grade, kyphotic Cobb angle, and bony fusion.

 

Table 1  Summary of the patients’ data

Patient no. Age(y)/sex Level

 

Follow-up

(months)

Kyphosis angle(º) Frankel grade Fusion

(months)
PRE POST FFU PRE POST FFU

1 23/M T8-T9 24 23 11 11 A B D 4

2 47/F T9-T10 36 12 8.4 10 A B E 5
3 48/F T8-T9 48 21 10.6 11 C D E 5
4 56/M T6-T7 48 18 10 10 B C D 6

5 57/M T9-T10 42 17 9 9 B C E 5
6 37/M T5-T6 24 22 10.2 12 A B D 4
7 42/F T7-T8 24 18 7.2 8 A B E 5
8 29/M T8-T9 30 20 7 6 B D E 4
9 32/F T10-T11 36 24 8.8 10 C D E 4

10 48/F T10-T11 24 13 10.3 12 C D E 5
11 45/F T9-T10 36 23 9.6 11 A C D 6

12 55/M T9-T10 48 14 9.8 11 B C E 6
13 24/M T9-T10 24 11 5.6 7 A C E 5
14 62/M T8-T9 48 19 13 11 B D E 6
15 74/F T7-T8 42 15 8 10 C D D 8
16 61/F T6-T7 36 21 6.4 6 C D E 6

Mean values 46.3 ± 14.5(ages)   35.6 ± 9.6 18.2± 4.1 9.1 ±1.9 9.7 ± 1.9       5.3 ±1.1
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PRE preoperative, FFU �nal follow-up, POST postoperative

 

Written informed consent was obtained from all patients, and the study protocol was approved by the
Institutional Ethics Review Board of Xi'an chest Hospital.

 

Methods

Preoperative preparation

All patients received at least 2–4 weeks of �rst-line anti-tuberculous treatment (rifampicin 0.45g,
isoniazid 0.4g, pyrazinamide 1.5g,and ethambutol 0.75g) preoperatively, and supporting therapy and
symptomatic treatment were conducted when the patient being hospitalized. Doses of anti-tb drugs were
appropriately increased in patients with tuberculosis in other parts of the body, or in patients weighing
more than 50kg. For patients with paraplegia or incomplete paralysis, surgery should be performed as
early as possible.

Surgical approach

Informed consent for surgery is signed by the patients.Patients were instructed to lay in lateral position.
Transthoracic patients received tracheal intubation with a double lumen tube, and the side lobe was
collapsed intraoperatively. A standard lateral anterior approach was used, and an right anterior
posterolateral surgical incision was made. Skin and subcutaneous tissues were dissected layer by layer
using only an incision of the oblique costal margin. The right latissimus dorsi muscle and pectoralis
major muscle were dissected layer by layer. Ribs opposite to the diseased vertebra are exposed, stripped
and cut, and the cutoff parts were reserved as autologous bone graft. The right thoracic cavity was
opened with an thoracotomy device, and the right lung was collapsed and the right spinal column series
was exposed. The right diseased vertebral body and anterior fascia were examined with obvious swelling
and abnormal color and the paravertebral abscess was aspirated with a  syringe  as a culture specimen.
The anterior fascia of the diseased vertebral body was cut longitudinally and segmental vessels were
ligated. Cheese-like substance, necrotic granulation tissue, dead bone particles and other lesions were
completely removed, while normal vertebral bone tissue was retained. An abscess in the opposite
direction was drawn and �ushed repeatedly through the vertebral body defect. The compression of the
spinal cord was completely relieved. The wound was washed repeatedly with  saline, and 1–2g of
streptomycin powder was administered. Autogenous bone and graft fusion with a titanium cage strut
combined with an anterior vertebral screw-plate internal �xation system were used to recover the normal
spinal curvature of patients with kyphosis(Fig. 1,2). The drainage tube was placed postoperatively, and
culture specimens were sent for pathological examination.

Postoperative treatment
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Conventional electrocardiographic monitoring and anti-infection and anti-tuberculosis treatment were
provided. A drainage tube was placed for 1-3 days and removed until the 24-h drainage �ow was < 50 mL.
In addition, complete lung expansion was con�rmed by radiography. The drainage time was extended in
patients with penetrable pus cavities. Nutritional support was provided in patients with postoperative
anemia, low serum albumin levels, or loss of appetite. The patients were required to get out of bed for 2
weeks after the operation.After hospital discharge, anti-tuberculosis therapy was maintained for 18–24
months.

 

Evaluation of clinical outcomes

All patients were examined clinically and radiologically at 3,6 and 12 months after surgery and then once
a year.The ESR and CRP were measured to evaluate the activity of short segment thoracic vertebrae
tuberculosis with paraplegia or incomplete paralysis . Roperatively and postoperatively in terms of
Frankel Grade, kyphotic Cobb angle, and bony fusion were recorded to evaluate changes before and after
surgery. Kyphosis angle:observing the lateral X-ray,the kyphotic angel was the angle formed by two lines
obtained by joining the antero-superior and postero-superior corners of the above lesion,and the antero-
inferior and postero-inferior corners of the vertebral below lesion[12].Postoperative radiographs were
conducted to assess the level of bony fusion using the radiologic criteria of Bridwell[13].

Statistical analysis

Data were analyzed using the independent sample t test and SPSS statistical software (IBM
Corp.) p values < 0.05 were considered statistically signi�cant.

Results
Clinical results

All patients underwent operation successfully. During the follow-up, spinal paraplegia was signi�cantly
improved in all patients.The symptoms of chest and back pain were alleviated and disappeared at 1–6 
months postoperatively.Patients were followed up for 24–48months (average, 35.6 ±9.6 months). Among
16 patients, no recurrence, and all the patients got bony spinal fusion within 4 to 8 months after surgery
judging by spinal x-ray �lm and/or CT scan.

 

Laboratory data

The preoperative ESR and CRP level of all patients were 72.6 ± 27.5 mm/h and 75.7 ± 25.9 mg/L, which
decreased to 15.9 ± 4.6 mm/h and 4.7 ± 2.0 mg/L at the �nal follow-up, respectively (Table 2).
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Table 2   Laboratory data of all patients

 

n ESR (mm/h) CRP(mg/L)
PRE POST FFU PRE POST FFU

16 72.6 ± 27.5 46.6 ±24.1 15.9 ± 4.6 75.7 ± 25.9 41.6 ± 15.0 4.7 ± 2.0

PRE preoperative, FFU �nal follow-up, POST postoperative, ESR erythrocyte sedimentation rate, CRP C-reactive protein

 

Neurologic function

Neurological symptoms of 16 patients were manifested as complete paraplegia,lower limb weakness,
chest sensation or related numbness and paresthesia.  Neurological function was evaluated by the
Frankel classi�cation and is listed in Table 1. All patients achieved function status improvement at
different degrees.Preoperative and postoperative neurological status by the Frankel score system (n = 
16).During the follow-up, spinal paraplegia was signi�cantly improved in all patients. Neurologic status
of the 16 patients with preoperative neurologic defcit was 3 with grade A recovered to normal; 4 with
grade B recovered to normal;  4 with grade C recovered to normal; 3 with grade A recovered to grade D; 1
with grade B recovered to grade D;1 with grade C recovered to D.

 

Radiological data

The preoperative thoracic kyphosis angle were 18.2 ±4.1°respectively. The corresponding postoperative
angles were ameliorated signi�cantly to 9.1 ±1.9°. At the �nal follow-up, whose loss of correction was
only 0.6°. It still signi�cantly improved in comparison to the preoperative measurements.( Table 1)

 

Complications

There was three cases of postoperative intercostal neuralgia, and four patients with electrolyte
disturbance, six patients with anemia and hypoproteinemia,all of which were relieved after symptomatic
treatment. there was no patients with pneumothorax and no cases of cerebrospinal �uid leak.Wounds
were healed without chronic infection or sinus formation. No complications related to instrumentation
occurred. 16 patients had only a small amount of pleural effusion after surgery, which had been absorbed
by the third month of reexamination.

Discussion
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Spinal TB is one of the most common and severe forms of bone and joint TB. It mostly occurs in the
thoracic spine region and always involves the anterior and middle spine. A lesion of the vertebral body
caused by TB always lead to the development of kyphosis, paravertebral abscesses, or progressive
neurological impairment[14]. Seriously,neurological impairment can arise from mechanical compression
on the neural elements by epidural abscesses, tubercular debris,caseous and granulation tissue, or by
mechanical instability produced by pathological subluxation or islocation[15]. Neurological impairment is
more common in thoracic tuberculosis than in spinal TB elsewhere, due to a narrower spinal canal,
physiological kyphosis in the thoracic region and greater biomechanical forces in the thoracolumbar
region. Godlwana et al[16]reported thoracic spinal tuberculosis accounted for 52% of all spinal
tuberculosis cases with neurological de�cits.Therefore, we selected such patients for a retrospective
study.The results of this study reveaed that Pott disease or incomplete paralysis is primarily caused by
nerve compression by epidural abscesses, tuberculous debris, necrotic intervertebral discs, and caseous
and granulomatous tissue.

Although conservative treatment for spinal TB can effectively alleviate pain, kyphotic deformity continues
to progress, with 3% to 5% of patients showing severe progression and subsequent paraplegia or
incomplete paralysis[17]. Although chemotherapy is a very effective way of controlling and treating the
disease and is anindispensable treatment strategy [12],But it is particularly important to perform
necessary surgical interventions to relieve clinical symptoms and achieve good long-term outcomes[18]. 

Various surgical techniques have been used to treat spinal tuberculosis, but few literatures on treating
short segmental thoracic tuberculosis with paraplegia or incomplete paralysis have been reported.The
goal of surgery for Pott’s disease is to adequately debride the focus area, decompress the spinal cord,
correct spinal deformities and rebuild spinal stability. Although several severe complications related to
anterior surgical approaches to the thoracic spine have been described in the literature [19, 20]. But it is a
convenient way to completely remove tuberculotic substances from the lesion vertebra and paravertebral
abscesses, to safely decompress soft oppression of the spinal cord, and to fully perform spinal canal
decompression. Anterior debridement and strut grafting enable surgeons to treat thoracic spinal
tuberculosis with paraplegia directly and thoroughly, which is more favorable for biomechanical
reconstruction. Anterior internal �xation can still maintain the spinal stability and  correction of kyphosis
when tuberculosis invades short thoracic vertebra segments. The anterior approach enables surgeons to
reach the lesion site directly, and a single incision can be used to perform multiple operations. Operators
also have a more spacious and a direct �eld of vision, simplifying the operative procedures[21].Anterior
debridement combined with strut grafting can provide a suitable host bed to simulate vertebral bone
fusion, and instrumentation by titanium plate and mesh stabilizes biomechanical properties of the spine.
This will reduce the risk of postoperative kyphosis and improve the surgical cure rate of short segmental
thoracic vertebrae with paraplegia or incomplete paralysis.In our series,we carried out one-stage anterior
focus debridement, interbody graft using titamium mesh cages, and anterior instrumentation and fusion
in the surgical treatment of short segment thoracic tuberculosis.All patients obtained satisfactory
functional restoration and recovery from short segment tuberculosis through debridement,decompression
and stabilization of the spinal.
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We believe that one-stage anterior surgical indications mainly includes the damaged portion of the
vertebra being located in the anterior and middle columns of the spine; the abscess or sequestrum
invading the anterior spinal canal and causing compression; unapparent kyphosis; laminectomy having
been performed and posterior bone graft fusion being prevented; and when the number of damaged
vertebrae is less than 3[22 23].Patients who did not meet these conditions were excluded.

For interbody fusion in patients with tuberculosis spondylitis, the literature indicates that several kinds of
graft materials have been used, such as autogenous rib, iliac crest,and allograft[24].The ribs are very
tenuous, particularly the lower ribs. They do not provide adequate stability to the anteriorcolumn because
of plastic deformation and the small surface area of contact with the adjacent normal vertebral
bodies[25].Many recent studies reported that titanium mesh cages showed potential for reliable spinal
reconstruction, high bone fusion,su�cient sagittal pro�le maintenance, and low implant-related
problems[26].Titanium mesh cage was used for interbody fusion in this study. It is usually �lled with
healthy ribs. Making full use of autologous ribs avoids the disadvantages of interception of autologous
bone from other parts and the economic burden of allograft bone. The use of titanium mesh cages has
several bene�ts over other bone struts. The cage provides immediate stability, is rigid, and can tolerate
compression forces well. The signi�cant interface strength between the cage and endplates prevents it
from extrusion or displacement[27].Most of all, the titanium mesh cage is the ideal shape,It has relatively
large weight-bearing surfaces. It is mechanicallystrong enough to prevent discrete loss of height from a
fused motion segment because of steoporosis of the vertebrae[28].  All patients in our study in the
titanium mesh cage group achieved bone fusion. The average fusion time was 5.3 months(range, 4-8
months), judging by x-ray and/or CT scan.

Although it's been reported in the literature,anterior spinal surgery may suffer the disadvantages of
greater surgical trauma and more complications, including vascular andvisceral injury, chylous leakage
and others. Subsidence of titanium mesh cages was reported in anterior column reconstruction after
anterior spine surgery[29].However, these defects did not appear during surgery, and these complications
also did not appear during follow-up in our study, which may be related to our years of experience in
thoracic surgery and our pro�ciency in open-heart surgery, or to the limited extent of damage and minor
injury of short-segment vertebral tuberculosis.

Results obtained from this study showed that no serious complications occurred during the postoperative
and follow-up period. No complications of atelectasis and pulmonary tuberculosis were found because
perioperative nursing of thoracic surgery was strengthened. Additionally, complete focal cleaning
expanded the scope of operation and allowed removal of all necrotic tissue.The compression of
granulation tissue on the dural sac was relieved.We believe this also helps recovery. However,
tuberculosis cure still relies on formal chemotherapy[30].

Sixteen patients of short-segment thoracic tuberculosis with paraplegia in our study underwent the
anterior approach debridement, strut grafting, and instrumentation and all of them had a sturdy implant
and favorable curative state. A titanium cage supplemented by autologous bone or allograft bone graft
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achieved satisfying outcomes in our study. At the last follow-up, All patients recovered well without
breakage or transposition of the implant or kyphosis recurrence. and all patients had achieved bone
fusion, relief from pain, and neurological recovery or signi�cant improvement.

Although satisfactory outcomes were obtained in this research, several limitations exist. First, this was a
retrospective research, with a shorter follow-up period, which may affect the reliability of the evaluation
results. Second, a few eligible cases were included and clinical studies with large samples were
lacking,which may cause a certain degree of bias.

Conclusions
In summary, we believe that the simple anterior approach for debridement, strut grafting, and
instrumentation should be considered for tuberculosis of short segmental thoracic tuberculosis with
paraplegia or incomplete paralysis. The operative method should be determined based on the speci�c
circumstances of each patient and the operator’s pro�ciency level. Systemic anti-tuberculosis
chemotherapy is essential to cure spinal tuberculosis. Lastly, comprehensive measures must be taken to
improve the cure rate of short segmental thoracic tuberculosis with paraplegia or incomplete paralysis.
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Figure 1

Forty-seven-year-old female with short segment thoracic vertebra tuberculosis (T10-11 level). A,B
Preoperative frontal and lateral x-rays showed bone destruction in the 10/11 vertebral body and
narrowing of the vertebral space C Preoperative magnetic resonance imaging scan D Preoperative
computed tomography scan demonstrate vertebral body destruction. E,F Radiographs postoperatively
showing well-positioned internal �xation. G,H Radiographs showing satisfactory focal clearance and strut
graft stability at the �nal follow-up

Figure 2
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Twenty-six-year-old girl with short segment thoracic vertebra tuberculosis (T6-T7 level). A,B Preoperative
frontal and lateral x-rays showed bone destruction in the 6/7 vertebral body and narrowing of the
vertebral space C Preoperative magnetic resonance imaging scan shows vertebral body destruction and
abscess. D Preoperative computed tomography scans demonstrate vertebral body destruction. E,F
Radiographs postoperatively showing well-positioned internal �xation. G,H Radiographs showing
satisfactory focal clearance and strut graft stability at the �nal follow-up

Figure 3

Thity-two-year-old girl with short segment thoracic vertebra tuberculosis (T10-T11 level). A,B Preoperative
frontal and lateral x-rays showed bone destruction in the 10/11 vertebral body and narrowing of the
vertebral space C Preoperative computed tomography scans demonstrate vertebral body destruction. D
Preoperative magnetic resonance imaging scan shows vertebral body destruction and abscess. The
lesion compressed the dural sac. E,F Radiographs postoperatively showing well-positioned internal
�xation and Kyphotic deformity was corrected. G,H Postoperative axial CT showed satisfactory internal
�xation device at the �nal follow-up


