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ABSTRACT

AIM: To evaluate the clinical efficacy and fusion characteristics of allografts in spinal tuberculosis (TB).   
MATERIAL and METHODS: The research reviewed 1196 patients with spinal tuberculosis who received treatment at six hospitals 
from January 2000 to January 2016. A total of 623 patients who had spinal tuberculosis were included in the study. All patients 
underwent debridement, decompression, allograft bone grafting, and instrumentation. Postoperative treatment consisted of a 
combination of anti-TB drug treatment for 18 months and brace fixed braking for 3–9 months. Clinical outcome, laboratory indexes, 
and radiological results were analysed.
RESULTS: The average follow-up time was 34.1 months (12–60 months). Pain was relieved postoperatively in all cases, and 87.8% 
of patients were painless at the final follow-up. The erythrocyte sedimentation rate (ESR) significantly decreased and returned to 
normal at the final follow-up. The fusion rate of allografts was 30.2% and 98.4% at the 9- and 12-month follow-ups, respectively. At 
the final follow-up, the fusion rate was 100%. 
CONCLUSION: The application of allografts in the surgical management of spinal tuberculosis is safe and effective. Allografts can 
replace autografts in surgeries for spinal tuberculosis. 
KEYWORDS: Allograft, Fusion, Spinal tuberculosis

ABBREVIATIONS: ESR: Erythrocyte sedimentation rate, VAS: Visual analogue pain scale, ASIA: American Spinal Injury Association, 
CT: Computed tomography
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in the treatment of spinal tuberculosis and have achieved 
good therapeutic effects. However, complications, such as 
spinal instability, kyphosis and neurological dysfunction, often 
occur in follow-up and usually require surgical treatment (29). 
However, after debridement, the choice of surgical treatment 
used to place an allograft or autograft into the bone defect 
area remains controversial (13,40). 

█   INTRODUCTION

Spinal tuberculosis, the most common type of bone and 
joint tuberculosis, accounts for 50% of all cases of 
skeletal tuberculosis, which frequently causes neurologic 

deficits, kyphotic deformity, or even paraplegia (18). In recent 
years, anti-tuberculosis drugs have become more standardized 
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While an autograft remains the “gold standard”, the limitation 
with autografts is supply, especially when there are large 
bone defects after debridement. Furthermore, operative time 
and blood loss increase due to bone harvesting, donor site 
complications often occur, and postoperative pain tends to 
prolong the patient’s time spent bedridden and impact the 
patient’s rehabilitation. Allografts are relatively abundant, 
and their supporting strength is ideal. However, their 
osteoinduction is relatively weak, and some researchers have 
doubted their clinical efficacy (31). Some authors have shown 
that placement of allografts in the setting of spinal infections 
can be performed safely (1,23,35); however, the sample size 
is small and lacks sufficient persuasion. Furthermore, in the 
current literature, there have been fewer multicentre studies 
on the use of cages with allografts in spinal tuberculosis. 
Therefore, we reviewed patients with spinal tuberculosis from 
six hospitals and observed the efficacy and safety of allografts. 
These findings also provide a reference for the selection of 
bone grafts in spinal tuberculosis fusion.

█   MATERIAL and METHODS 

This research was approved by the Ethics Committee of the 
First Affiliated Hospital of the Third Military Medical University, 
People’s Liberation Army (Protocol number: KY201301). A 
total of 1196 consecutive patients with spinal infections from 
six hospitals between 2000 and 2016 were reviewed for this 
research. Inclusion criteria: diagnosis of spinal tuberculosis 
(based on clinical features, laboratory indices, pathological 
analysis, and radiology results), received surgical treatment 
using an allograft, had no complicated active pulmonary 
tuberculosis or tumours, patient compliance was good, and 
postoperative follow-up was at least 12 months. In total, 623 
patients were analysed in the study, including 329 men and 
294 women, with an average age of 37.1 ± 16.8 years (range 
2–80 years). Apart from 17 patients with skipped lesions, 
23 cases had cervical involvement, 230 cases involved the 
thoracic spine, 72 cases involved the thoracolumbar spine 
(T11–L2) and 281 cases involved the lumbar spine. The 
pathogenic vertebral levels consisted of multiple lesions in 
44 cases, with four contiguous vertebrae in 66 cases, three 
contiguous vertebrae in 97 cases, two contiguous vertebrae 
in 346 cases and one vertebrae in 70 cases.

The surgical protocols included the anterior approach, the 
posterior approach, and the combined anterior-posterior 
approach. The surgical procedures were performed 
according to standard surgical approaches (6,10,16,17,32). 
Debridement, decompression, and placement of an allogenic 

iliac crest, fibular graft, polyether-ether-ketone (PEEK) cage 
with allograft, or bone intervertebral fusion cage made by 
allogenic cortical bone (Figure 1) was performed according 
to the extent of the lesion area. Suitable instrumentation was 
implanted and the incision was closed. In total, 171 patients 
underwent the anterior approach, while the rest were treated 
with either the combined approach (135 patients) or the 
posterior approach (317 patients). Surgeons at each hospital 
made decisions about the selection of surgical methods and 
instruments, and the surgeries were performed by the same 
team at each respective hospital.

Treatment of tuberculosis is the primary goal, so appropriate 
anti-tuberculosis drugs were administered in all patients after 
consult recommendations, which usually included at least 
2 weeks of orally administered HREZ (rifampicin, 15 mg/
kg, maximum 600 mg/day; isoniazid, 6 mg/kg, maximum 
300 mg/day; ethambutol, 25 mg/kg, maximum 750 mg/day; 
and pyrazinamide 25 mg/kg, maximum 750 mg/day) before 
surgery and continued until 18 months after surgery. Among 
these patients, 36 had drug-resistant spinal tuberculosis, and 
their regimen was adjusted according to the results of drug 
sensitivity testing (4).

The erythrocyte sedimentation rate (ESR) monitored infec-
tions, visual analogue pain scale (VAS) and American Spinal 
Injury Association (ASIA) assessed clinical efficacy and neu-
rologic function, and computed tomography (CT) assessed 
bone fusion (according to the modified radiologic criteria) (21).

Statistical Analysis

All analyses were performed using SPSS 19.0 (SPSS Inc, 
Chicago, IL, USA). VAS scores were compared with ANOVA, 
followed by Dunnett’s T3 test or LSD t test to compare 
preoperative, postoperative and last follow-up values. P values 
of less than 0.05 were considered statistically significant.

█   RESULTS

Figure 1: The intervertebral 
fusion cage made by allogenic 
cortical bone.

Table I: Demographic Data of Patients

Characteristic Total (n=623)

Sex

Male 329

Female 294

Age (years) 37.1 ± 16.8 (2-80)

Follow-up (months) 34.12 ± 14.05
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All patients were followed up for an average of 34.12 ± 14.05 
months (range 12–60 months) (Table I). According to the ASIA 
classification, 208 cases (33.3%) with neurological deficits 
had different degrees of postoperative recovery (Table II). 
The postoperative VAS score was significantly less than the 
preoperative score (p<0.05), and the VAS score was further 
significantly reduced at the final follow-up as compared to the 
postoperative VAS score (p<0.05). The average preoperative 
ESR was 52.65 ± 31.29 mm/h; aside from 42 patients with 
recurrence, the ESR returned to normal by 3 months after 
surgery, and no obvious abnormalities occurred at the final 
follow-up (Figure 2). The fusion rate was 30.2% and 98.4% 

Table II: Neurologic Recovery according to ASIA

ASIA grade 
Preoperative Postoperative Final follow-up

A B C D E A B C D E A B C D E
Number (623) 7 6 24 171 415 6 6 22 121 468 1 4 6 25 587

ASIA: American Spinal Injury Association.

at the 9- and 12-month follow-ups after surgery, respectively. 
The average fusion time was 11.15 ± 1.49 months. Follow-
up radiographs showed all patients had achieved satisfactory 
fusion (Figure 3A-P).

There were 42 recurrences of spinal tuberculosis. Among 
these, nine cases were drug-resistant. All the patients with 
recurrences were cured after reoperation or local drainage, 
irrigation, and application of antibacterial drugs; no further 
recurrences had occurred at the final follow-up (Figure 4A-P 
and 5A-N). 

Fourteen patients experienced graft subsidence or slight 
movement, but this did not cause physical curve variation 
or clinical symptoms. Thus, these patients were closely 
observed, but required no treatments. A total of 59 patients 
(9.4%) suffered from routine surgical complications, including 
poor postoperative wound healing (including five diabetics), 
wound infection, local haematoma, cerebrospinal fluid leak, 
pleural effusion, and postoperative dysphagia (Table III). All 
were relieved after appropriate treatment.

Details of the clinical outcomes of spinal tuberculosis treated 
by anterior, posterior and combined approaches are given in 
Table IV. There was no significant difference in the operative 
time between the anterior and posterior groups (p>0.05). The 
operative time of the combined group was 419.9 ± 83.6 min, 
which was longer than the other two groups, and this result had 
significant differences with the other two groups, respectively 
(p<0.05). The operative blood loss was as follows: anterior 
group 619.6 ± 395.7 mL, posterior group 732.8 ± 597.1 mL 
and combined group 1106.8 ± 468.2 mL, and there were 
significant differences among the three groups, respectively 

Figure 2: The 
graph shows the 
change of the visual 
analogue pain 
scale (VAS) score 
and erythrocyte 
sedimentation rate 
(ESR) preoperatively, 
postoperatively and 
at final follow-up.

Table III: Clinical Research Summary

Characteristics Total (n=623)

Involved segment, no. of levels 2.5 ± 1.3 (1-9)

Anterior approach, no. (%)
Combined approach, no. (%)
Posterior approach, no. (%)

171 (27.4)
135 (21.7)
317 (50.9)

Major complication (59)
Cerebrospinal fluid leakage, no. (%)
Poor wound healing, no. (%) 
Wound infection, no. (%) 
Local hematoma, no. (%)
Others, no. (%)

17 (2.7)
10 (1.6)
10 (1.6)
13 (2.0)

9 (1.4)

Recurrence, no. (%) 42 (6.7)

Pain-free at the last follow-up, (%) 87.8
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Figure 3: The images show a tuberculosis case using a polyether-ether-ketone (PEEK) cage with allograft. Illustration: 24-year-old 
woman with lumbar spinal tuberculosis. (A, B) preoperative anteroposterior and lateral X-ray films; (C, D) preoperative computed 
tomography (CT); (E, F) preoperative magnetic resonance imaging (MRI); (G, H) X-ray 9 months after operation; (I, J) CT 9 months 
after operation; (K) X-ray 15 months after operation; (L) CT 15 months after operation; (M) X-ray 36 months after operation; (N) MRI 36 
months after operation; and (O, P) X-ray 48 months after operation.

Figure 4: The images show a spinal tuberculosis patient requiring revision surgery. Illustration: 37-year-old woman with lumbar spinal 
tuberculosis (multiple drug resistant tuberculosis [MDR-TB]). (A, B) 72 months after operation at the local hospital, anteroposterior and 
lateral X-ray films, (C, D) computed tomography (CT) and (E, F) magnetic resonance imaging (MRI); (G, H) immediate postoperative 
period X-ray films; (I, J) X-ray 3 months after operation; (K, L) X-ray 6 months after operation; (M, N) CT 6 months after operation; and 
(O, P) MRI 6 months after operation.
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bone graft and internal fixation is essential; this is one of the 
principles of the surgical treatment of spinal tuberculosis. 
However, the best kind of structural bone graft material 
for specific types of lesions has not yet been determined 
(11,36,43). Therefore, in this multicentre study, we observed 
the clinical efficacy of allografts for the treatment of spinal 
tuberculosis. 

The autologous tri-cortical graft harvested from the iliac crest 
as fusion material is widely used at present. Although it has 
good clinical efficacy and a high fusion rate, the donor area 
may suffer from various complications, which brings additional 
trauma and pain to the patient, prolongs the operative time, 
and increases blood loss (37). The source for an allograft is 
relatively abundant and avoids the complications associated 
with an autograft; bone conductivity is strong and fixation 
is reliable. It is suitable for large lesions, osteoporosis, and 
bone deficiency in children. However, there may be a risk of 
bone resorption and immune rejection. In recent years, with 
the progress in allograft immunogenicity treatment, allografts 
are used more frequently in clinics, with satisfactory efficacy. 
Ozdemir et al. used an allogeneic fibula ring to treat spinal 
tuberculosis; the fusion rate was 96% (27). Schuster et al. 
treated 47 patients with spinal infection using an allograft 
with combined fixation; they did not observe bone graft non-
union or related complications (33). In a comparative study 
of allografts and autografts for the treatment of cervical 
tuberculosis, Bao et al. found that there was no significant 
difference in the fusion rate between autografts and allografts 
during follow-up, and both obtained bone fusion with no 
complications (2). In our study of 1196 patients with spinal 
infection, a total of 623 patients received an allograft. The 

(p<0.05). There were also significant differences in the 
hospitalization time (days) among the anterior, posterior and 
combined groups (p<0.05, respectively). The average time 
(months) to bone fusion was comparable between the anterior 
and posterior groups ( 11.1 ± 2.5 months vs. 10.6 ± 2.0 months, 
p>0.05), while the combined group had a longer fusion time 
as compared with the posterior group (11.6 ± 2.3 months 
vs. 10.6 ± 2.0 months, p<0.05). The average postoperative 
VAS score and ESR at 3 months after the operation was 
significantly reduced as compared to the preoperative values 
in the three groups (p<0.05). In addition, the VAS score and 
ESR was further significantly reduced at the final follow-up as 
compared to the postoperative VAS score (p<0.05).

█  DISCUSSION
The purpose of treatment of spinal tuberculosis is to eliminate 
the infectious lesions, relieve spinal cord compression, correct 
spinal deformity and reconstruct spinal stability, and restore 
normal activities and life. Surgical indications include severe 
vertebral destruction and kyphosis, spinal cord and nerve 
dysfunction, dead bone, intractable pain, failed non-operative 
treatment, and the need to establish a bacteriological diag-
nosis (8,28). The selection of the surgical treatment approach 
should be according to the location and extent of the lesion. 
Individualized treatment and debridement are the key to a 
successful operation (7).

Debridement inevitably leads to greater bone defects and 
a further decline in spine stability. The importance of spinal 
stability reconstruction in the treatment of spinal tuberculosis 
has been widely accepted. To achieve bone fusion, a fine 

Figure 5: The images continue to show the above patient (revision). Illustration: (A, B) Eight months after revision for recurrence 
(preoperative lateral X-ray and MRI); (C) immediate postoperative period X-ray films-revision once again; (D) X-ray 6 months after 
operation; (E, F) CT 6 months after operation; (G) MRI 6 months after operation; (H) X-ray 12 months after operation; (I, J) CT 12 months 
after operation; (K) MRI 12 months after operation; (L) X-ray 24 months after operation; (M) X-ray 30 months after operation; and (N) 
MRI 30 months after operation.
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two patients had a recurrent infection. Neurological deficits 
were improved in all cases, and pain disappeared in 81% of 
patients. Up to now, in the area of spinal infectious disease, 
there have been few studies on PEEK material. According to 
the successful experience with the titanium cage in spinal 
infection, some patients (492 cases) in this study attempted 
to use the PEEK cage for bone grafting. The result showed 
all patients achieved bone fusion within a year. There was 
significant relief of pain and maintenance of spinal curvature in 
all patients, and no patient suffered material-related infection.

The surgical approaches for spinal tuberculosis include anteri-
or, posterior, and combined anterior and posterior approaches 
(7,17,27). The anterior approach allows for debridement and 
decompression to be performed better under direct vision, 
regain of intervertebral height, and successful bone graft 
fusion. We found that the anterior approach group had less 
blood loss and hospitalization time; these results are consis-
tent with previous studies (6,20). However, bone graft collapse 
can also occur, as well as correction loss and kyphosis exac-
erbation. Combined surgery is able to achieve better spinal 
stability after removal of multiple vertebrae and reduce fusion 
range. In addition, posterior pedicle screw internal fixation is 
in accordance with the biomechanical characteristics of the 
spine and enhances the stability of the posterior column. 
At the same time, debridement and internal fixation were 
separated to reduce the spread of pathogens (3). However, 
the combined approach could result in more serious trauma 

healing time was 9–18 months (average 11.05 ± 1.59 months). 
This is faster than the healing time reported by Govender 
(11,12). Although the fusion time was longer than the autograft 
bone fusion times reported in the literature (20,22), the fusion 
rate was satisfactory and no complications occurred at the 
final follow-up.

The use of the cage device has developed rapidly in recent 
years. It has satisfactory supporting strength and can avoid 
the need for an autograft or reduce the number of grafts 
needed; it is becoming a commonly used fusion material 
in spinal fusion. The literature reports that the titanium 
cage is not affected by degrading enzymes in an infectious 
environment, it is resistant to the formation of biofilm on its 
surface, and it does not increase the risk of infection. These 
findings provide a strong theoretical basis for the safety of 
the titanium cage and implant in patients with spinal infection 
after debridement (7,14). Kuklo et al. reported 21 cases with 
pyogenic vertebral osteomyelitis treated by combined anterior 
and posterior approach surgery, with a titanium cage placed 
through the anterior approach followed by posterior internal 
fixation (19). Pain was significantly reduced in 16 patients 
after the operation. Final follow-up radiographs showed that 
bone fusion was achieved in all patients. Lu et al. reported 36 
cases with pyogenic vertebral osteomyelitis cured by anterior 
(5 cases), posterior (4 cases), and combined anterior and 
posterior (27 cases) approaches with an expandable titanium 
cage (23). They found there were no implant failures, although 

Table IV: Clinical Outcomes of Spinal Tuberculosis Treated by Anterior, Posterior and Combined Approach (mean ± SD)

Index Anterior group Posterior group Combined group

Number of patients 171 317 135

Operation time (min) 266.5 ± 90.7 267.3 ± 90.3 419.9 ± 83.6 †† ‡

Blood loss (ml) 619.6 ± 395.7 732.8 ± 597.1† 1106.8 ± 468.2†† ‡

Hospitalization time (days) 24.4 ± 7.7 26.5 ± 8.9† 30.7 ± 10.0†† ‡

Time to bone Fusion (months) 11.1 ± 2.5 10.6 ± 2.0 11.6 ± 2.3‡ 

Follow-up time (months) 34.1 ± 6.7 34.2 ± 6.0 33.7 ± 7.1

ESR  

Pre-operation (mm/h) 53.8 ± 28.5 52.1 ± 29.6 51.3 ± 29.8

3 months postoperative (mm/h) 9.3 ± 10.7* 9.3 ± 6.2* 8.1 ± 8.3*

Final follow-up (mm/h) 7.2 ± 4.7Δ 7.2 ± 4.7Δ 6.2 ± 3.9Δ

VAS

Pre-operation 4.7 ± 1.8 4.7 ± 1.9 5.0 ± 1.9

Post-operation 2.5 ± 0.8* 2.5 ± 1.0* 2.6 ± 1.0*

Final follow-up 0.5 ± 0.6Δ 0.5 ± 0.6Δ 0.5 ± 0.6Δ

ESR: Erythrocyte Sedimentation Rate, VAS: Visual Analogue Scale
†P<0.05. Comparison between group Anterior group and Posterior group
††P<0.05. Comparison between group Anterior group and Combined group
‡P<0.05. Comparison between group Posterior group and Combined group
*P<0.05 Comparison between Pre-operation and 3 months postoperative/ Post-operation 
ΔP<0.05 Comparison between Final follow-up and 3 months postoperative/ Post-operation.
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█   CONCLUSION
Allografts can achieve satisfactory clinical results when 
applied in the surgical treatment of spinal tuberculosis. 
Although the fusion time of allografts was a little longer than 
that of autografts, solid fusion was achieved by 9–18 months.
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