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Midterm surgical results

of the lamina with spinous
process in treating one-level
thoracic or lumbar tuberculosis:
a retrospective study

Weiyang Zhong?, Xinjie Liang?, Ke Tang?, Tianji Huang?, Xiaoji Luo'* & Zhengxue Quan?

A retrospective study investigated the results of the lamina with spinous process (LSP) as a

bone graft in one-level thoracic or lumbar spinal tuberculosis with the one-stage posterior

approach of debridement, fusion and internal instrumentation. Data from 35 patients from

January 2013 to December 2015 were analysed. Surgery time, blood loss, hospitalization time,
drainage volume, and follow-up (FU) duration were recorded. The visual analogue scale (VAS),
Oswestry Disability Index (ODI), erythrocyte sedimentation rate (ESR), C-reactive protein

(CRP), American Spinal Injury Association (ASIA) grade, segmental angle, and bone fusion were
compared between preoperative and final FU. All of the patients were followed up for a mean
43.90+10.39 months. The mean age, surgery time, blood loss, hospitalization time, hospital

cost and drainage volume were 33.65 +11.06 years, 182.40+23.82 min, 280.80+76.82 mL,

14.05 +3.58 days, 74,382.00+11,938.00 yuan, and 340.00+167.20 mL, respectively. VAS and ODI
were significantly improved at the final FU. The ESR and CRP recovered to normal. The mean angle of
24.35 1+ 5.74°preoperatively showed a significant difference between 1 week, postoperatively and final
FU. Although there were the loss of angle at final FU comparing with the 1 week postoperatively, it
still maintain the good alignment and the segmental stability. All patients achieved bony fusion with a
mean time of 12.90 + 3.91 months. In conclusion, the LSP as a structural bone graft is reliable, safe and
effective for segmental stability reconstruction, which could be one choice for surgical management of
thoracic or lumbar spinal TB.

Spinal tuberculosis (TB) is a common extrapulmonary form of an ancient infectious disease. TB kills 1.81 million
people per year in Asia, and 78% of new cases reported each year are in China, according to the World Health
Organization (WHO)"2 Spinal TB is especially dangerous, resulting in bone destruction, spinal deformity,
and/or even paraplegia®*. Hence, more attention should be paid to spinal TB. Usually, although anti-TB drugs
and other management are effective, there are problems with its treatment because the principles of drug treat-
ments differ significantly according to our understanding of the treatment of pulmonary TB, the emergence of
drug resistance and spinal TB in HIV-positive patients>®. Fortunately, surgical management can be effectively
performed when TB results in spinal deformity and neurological deficits”®. Surgery is considered one of most
effective methods of curing spinal TB.

After debridement and decompression, many interbody bone grafts have been used to regain spinal stability,
such as iliac crest, or ribs or fibula grafts or titanium mesh cages, which have their advantages and limitations.
Iliac crest or fibula grafts as the "gold standard", could achieve a high rate of bone healing which complications
at the donor site, such as persistent pain, haematoma, and unhealed wounds can also occur. The use of allografts
is associated with the risk of disease transmission. Autologous bone grafts with a titanium mesh cage have been
widely used which have the problems such as subsidence, stress occlusion, and radiation 0pacity9’“. To date,
no study has reported the use of lamina with spinous process (LSP) as a bone graft in the surgical treatment of
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Figure 1. Photographs of one LSP before (A-C) and after implantation (D).

one-level thoracic or lumbar spinal TB. This study aimed to investigate the clinical effect of LSP as a bone graft
for restoring spine stability.

Materials and methods

Patient population. This study was approved by the Institutional Review Board of the First Affiliated Hos-
pital of Chongqing Medical University and conducted in accordance with the Declaration of Helsinki. All par-
ticipants provided written informed consent before their data were stored in our hospital database and used
for study purposes. The treatment plans were all developed while providing routine clinical care. When com-
municating with patients before surgery, the advantages and disadvantages of the possible approaches were fully
explained to the patients and their family members, so the patients could choose the right treatment for them-
selves.

From January 2013 to December 2015, in the spine unit of our department, the data from 35 patients with
one-segment thoracic or lumbar spinal TB were reviewed retrospectively. The surgery procedure was performed
by the same spine team for all patients.

The inclusion criteria were adult thoracic or lumbar spinal TB, one-stage posterior approach, and internal
instrumentation and reconstruction. The patients were indicated for surgery because of the following: increasing
kyphosis, neurological deficits, bone destruction affecting spine stability, and the bone damage of the infected
vertebral body did not exceed 1/2 the vertebral height of the thoracic spine and did not exceed 1/3 the vertebral
height of the lumbar spine. The exclusion criteria were active pulmonary TB, spine fractures and spine cancer.

Preoperative management. Once the clinical diagnosis was made, anti-tuberculosis chemotherapy
was given immediately. Anti-TB drugs in the HREZ standard programme include isoniazid (5-10 mg/kg/
day), rifampicin (10 mg/kg/day), ethambutanol (15 mg/kg/day) and pyrazinamide (25 mg/kg/day), which were
administered 3-4 weeks before surgery*!°. Surgery was performed when ESR, c-reactive protein (CRP), and
body temperature recovered to normal or decreased significantly, or when ESR decreased below 60 mm/h and
CRP decreased gradually. When the neurological dysfunction gradually worsened and anti-TB drug therapy
failed, we shortened the duration of drug therapy and considered emergency surgical treatment.

Surgical techniques.  After the administration of general anaesthesia, the patients were placed in the prone
position. Posterior segments of the spine, such as the lamina and facet joints, were exposed through a median
incision. Pedicle screw fixation was performed according to imaging and c-arm X-ray results to ensure accuracy.
The entire LSP was cut off using a sharpened drill or ultrasonic osteotome, and then one of the facet joints was
removed for decompression and radical debridement. The LSP was trimmed by a bone knife, a sharpened drill,
or an ultrasonic osteotome to obtain a suitable and three-cortical-sided bone graft (Fig. 1). Depending on the
remaining space, one LSP was trimmed suitably, before the implantation of LSP, a few of autologous granular
bones were filled in the bone defect and afterward, the instrumentation was locked with force. Gelatine was used
locally mixed with 1.0 g streptomycin and 0.2 g isoniazid. Negative pressure drainage was performed, and the
collected specimens were sent for bacterial culture and pathological findings.

Postoperative care. After the surgery, the oral chemotherapy regimen (12 HREZ/12-18HRE) for the
patients must be followed up strictly with the physician, paying close attention to the side effects of the anti-TB
drugs and adjusting the drugs and treatment in a timely fashion when they occurred. Walking training under
the guidance of a rehabilitation therapist was started 1 week after the surgery. Clinical and imaging examinations
for all of the patients were performed at 1 week, 3 months, 6 months, 12 months and then annually after surgery.
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No. of patients (n) 35
Male/female (n) 19/16

Mean age (years) 33.65+11.06
Disease course (months) 17.95+8.93
Hospital stay (days) 14.05+3.58

Hospital cost (yuan)

74,382.00+11,938.00

Surgery time (min)

182.40£23.82

Blood loss (mL) 280.80+76.82
Drainage (mL) 340.00+167.20
Mean fusion time (months) 12.90+3.91
Follow-up (months) 43.90+10.39

Table 1. Patient characteristics.

Before treatment | 1 week post-op | The final FU | P
ESR (mm/h) 79.75+7.55 38.10+4.84 13.95+4.50 <0.0001
CRP (mg/L) 47.20+£8.51 10.45+3.87 3.95+1.05 <0.0001
VAS 6.95+0.94 2.95+0.39 1.95+0.69 <0.0001
ODI 39.95+4.84 11.25+3.19 4.50+1.54 <0.0001
Segmental angle (°) 24.35+5.74 9.75+1.94 16.25+3.64 <0.0001
ASIA
A
B 2
C 8 5
D 25 30 2
E 33 <0.0001

Table 2. Clinical and radiographic outcomes.

Outcome assessment. Perioperative and follow-up (FU) observations were collected from the patient
data: (1) the operation time, surgery haemorrhage, hospital stay, drainage, FU time and bone fusion time. (2)
Segmental angle. According to the Cobb method"!, the segmental angle was defined as the angle formed between
the superior endplate of the upper vertebral body and the inferior endplate of the lower vertebral body. (3) ESR
and CRP. (4) VAS and ODL. (5) Neurological function assessed by American Spinal Injury Association (ASIA)
grade. The bone fusion was assessed using the criteria of Bridwell et al. with the X-ray and CT when necessary.
All radiographic data and measurements in our study were reviewed by one senior spine surgeon and one senior
radiologist.

Statistical analysis. The statistical analysis was performed using Statistic Analysis System (SAS Institute
Inc., Cary, NC, USA). The results are expressed as the mean + SD and Student’s t-test was performed. Differences
with P values <0.05 were considered statistically significant.

Results

All of the patients were followed up for a mean 43.90 + 10.39 months; the mean age, surgery time in minutes,
blood loss, hospitalization time, hospital cost and drainage volume were 33.65+ 11.06 years, 182.40 +23.82 min,
280.80+76.82 mL, 14.05 + 3.58 days, 74,382.00+ 11,938.00 yuan, and 340.00 + 167.20 mL, respectively (Table 1).
The CRP, ESR, VAS, and ODI were decreased significantly at the final FU relative to their preoperative values
(P <0.05) (Table 2, Fig. 2). The neurological impairments were improved significantly at the final FU using ASIA
grading (Table 2).

The thoracic spinal TB was well cured and all patients achieved bony fusion at a mean 12.90 + 3.91 months.
The mean angle of 24.35+ 5.74° preoperatively showed a significant difference between 1 week postoperatively
and final FU. Although there were the loss of angle at final FU comparing with the 1 week postoperatively, it
still maintain the good alignment and the segmental stability (Figs. 3, 4). One case of rod fracture was observed
2 years postoperatively, and the revision surgery was performed with an iliac graft (Fig. 5). Some postoperative
complications occurred, such as water-electrolyte imbalance (two cases) and superficial infection (two cases).
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Figure 2. Presentation of ESR, CRP VAS, ODI, Segmental angle of preoperation, 1 week postoperation, final
follow-up.

Figure 3. A 22-year-old female patient with thoracic spinal tuberculosis (T11-12) underwent posterior
debridement and decompression combined with instrumentation. (A) Preoperative computed tomography (CT)
shows bone destruction of the T11-12 vertebrae and compression of the spinal cord. (B-E) The 1-week and
6-month postoperative X-rays and 6-month postoperative CT show the correction was maintained, but the bone
was not fully healed. (F,G) The 1-year and 2-year postoperative X-ray show the kyphosis correction had been
lost. (H-J) At 5-year FU, plain X-ray and CT showed solid bone fusion.

Discussion

With the rising incidence of TB, there are more than eight million new cases of tuberculosis each year, with it
remaining a leading infectious disease cause of death globally'~*. Spinal TB is the most common and severe form
of osteoarticular TB. Formal adequate and long-term anti-tubercular drugs, bed rest and supportive nutrition are
necessary in the management of spine TB*. Despite the efficacy of conservative regimens, surgical treatment
is still reccommended for patients with bone destruction, sequestration, a paraspinal or spine canal abscess, or
neurological impairment. Surgery, such as the single-stage anterior approach, can be challenging to apply because
of the need to overcome severe trauma such as massive blood loss, a longer operation time, and more serious
complications. A posterior pedicle screw system with bone grafting and correction of the kyphotic deformity has
been widely applied for stabilization, effectively treating thoracic or lumbar spinal disorders. Hence, the principles
of management of spinal TB have been modified to allow them to become more accurate and individualized’-".
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Figure 4. A 28-year-old female patient with lumbosacral spinal tuberculosis (L5-S1) underwent posterior
debridement and decompression combined with instrumentation. (A,B) Preoperative computed tomography
(CT) shows bone destruction of the L5-S1 vertebrae and compression of the nerve, and 1-week X-ray shows the
correction was maintained. (C-E) The 6-month postoperative X-ray and 6-month postoperative CT show the
correction was maintained, but the bone was not fully healed. (F) The 1-year and 2-year postoperative X-rays
show the kyphosis correction has been maintained. (G-I) At 4-year follow-up, plain X-ray and CT show solid
bone fusion.

Figure 5. A 51-year-old woman with thoracic spinal tuberculosis (T11-12) underwent posterior debridement
and decompression combined with instrumentation. (A,B) Preoperative computed tomography (CT) shows
bone destruction of the T11-12 vertebrae and compression of the spinal cord. (C,D) The 2-year postoperative
X-ray and CT demonstrate the bone was unhealed, and a rod fracture was observed. (E-H) The revision surgery
was performed with an iliac graft. X-ray and CT show the good location of the bone graft.
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After surgical debridement and decompression of the spinal cord or nerves, a variety of intervertebral bone
grafts can be used to restore the stability of the anterior and middle columns. Iliac crest or fibula grafts, considered
the "gold standard", could achieve a high rate of bone healing. However, complications at the donor site, such as
persistent pain, haematoma, and unhealed wounds, can also occur. The use of allografts can avoid complications,
but their use is associated with an increased rate of graft failure and the risk of disease transmission. Autologous
bone grafts with a titanium mesh cage have been widely used, and they have a high bone fusion rate. However,
problems such as subsidence, stress occlusion, and radiation opacity can affect surgical planning'*-?’. Although
the transverse process had advantages of reducing trauma, shortening hospital stay, the bone defects caused by
the lumbar spine TB are larger than these in thoracic spine which the transverse processes of lumbar spine have
deeper anatomical characteristics limited by difficulty in being exposed and which the mechanical requirements
of lumbar spine are higher than thoracic spine?!~*. Therefore, this study aimed to find a new method of bone
grafting to provide support and promote bone fusion to reduce the incidence of complications.

The use of the LSP as the bone graft has the following advantages. First, in our study, the surgery time
in minutes, blood loss, hospitalization time, hospital cost and drainage volume were 182.40 +23.82 min,
280.80+76.82 mL, 14.05+3.58 days, 74,382.00+11,938.00 yuan, and 340.00+167.20 mL, respectively. Com-
pared with the iliac crest or fibula graft used in previous studies'’~?, the use of the LSP could reduce trauma
and bleeding, shorten surgical and hospitalization times, decrease postoperative drainage volumes, and reduce
postoperative complication rates. The LSP are present in the surgical exposure area during the posterior
approach, which can reduce bleeding and trauma. Second, in our study, all patients achieved bony fusion at
a mean 12.90+3.91 months. The mean angle of 24.35 +5.74° preoperatively showed a significant difference
between 1 week postoperatively and final FU. Although there were the loss of angle at final FU comparing with
the 1 week postoperatively, it still maintain the good alignment and the segmental stability. Furthermore, the
VAS and ODI were also improved during FU, and thus, the patients recovered soon after surgery and VAS and
ODI were significantly improved at the final FU. Hence, the use of LSP could achieve biomechanical stability and
satisfactory clinical efficacy. Although the LSP could provide good support, strength, and fusion properties, the
bony fusion time was long compared with other bone grafts, which could have caused the segmental angle loss.
One case of rod fracture was observed at 2-year FU because of the bone union.

Hence, the LSP, as an autogenous bone, has a cortical bone structure and is short on cancellous bone tissue.
The use of the LSP could be suitable for supporting the bone defect space, which could ensure and maintain the
segmental stability and could be one more choice for the surgerons, However, using a single LSP as a bone graft
had a risk of delayed bony fusion or even nonunion, and therefore it could be suggested that longer use of a brace
is necessary while the bone is not fully healed during the FU.

Conclusion

Our study results showed that use of the LSP as a bone graft could be one choice in the surgical management
of one-level thoracic or lumbar spinal TB, resulting in good bone fusion and spinal stability restoration. It is a
reliable, safe, effective and structural bone grafting method. However, we declare that the retrospective nature
of this small-sample study may be associated with bias. Second, although we are the first to report the use of
LSP as a structural bone graft, the use of a single LSP as a bone graft had a risk of delayed bony fusion or even
nonunion. Third, our study did not consider intra- and inter-observer differences, which are associated with
bias. Fourth, we need to perform biomechanical tests to determine differences in strength, which could confirm
that the LSP meets the biomechanical needs. In the future, prospective, randomized studies with long-term
follow-up are needed.

Received: 29 January 2020; Accepted: 6 December 2020
Published online: 16 December 2020

References
1. Tuli, S. M. Tuberculosis of the spine: A historical review. Clin. Orthop. Relat. Res. 460, 29-38 (2007).
2. Moon, M. S. et al. Conservative treatment of tuberculosis of the thoracic and lumbar spine in adults and children. Int. Orthop. 11,
315-322 (1987).
3. Keel, M., Ahmad, S. & Hoppe, S. Most influential literature in spinal tuberculosis: A global disease without global evidence. Glob.
Spine J. 8, 84-94 (2018).
4. Schito, M. et al. Perspectives on advances in tuberculosis diagnostics, drugs, and vaccines. Clin. Infect. Dis. 61(Suppl 3), S102-S1018
(2015).
5. Gu, Y. et al. Application of endobronchial ultrasonography using a guide sheath and electromagnetic navigation bronchoscopy in
the diagnosis of atypical bacteriologically-negative pulmonary tuberculosis. Ann. Transl. Med. 7(20), 567 (2019).
6. Ketata, W. et al. Extrapulmonary tuberculosis. Rev. Pneumol. Clin. 71(2-3), 83-92 (2015).
7. Wong, Y. W. et al. Tuberculosis of the spine with severe angular kyphosis: Mean 34-year post-operative follow-up shows that
prevention is better than salvage. Bone Joint J. 99-B, 1381-1388 (2017).
8. Abulizi, Y. et al. Smith-Petersen osteotomy combined with anterior debridement and allografting for active thoracic and lumbar
spinal tuberculosis with kyphotic deformity in young children: A prospective study and literature review. Medicine (Baltimore).
96, €7614 (2017).
9. Yin, X. et al. Utilization of ring-shaped bone allograft for surgical treatment of adolescent post-tubercular kyphosis: A retrospective
study. Medicine (Baltimore). 96, €7132 (2017).
10. Yao, Y. et al. Prognostic factors for recovery of patients after surgery for thoracic spinal tuberculosis. World Neurosurg. 105, 327-331
(2017).
11. Gao, Y. et al. Comparison between titanium mesh and autogenous iliac bone graft to restore vertebral height through posterior
approach for the treatment of thoracic and lumbar spinal tuberculosis. PLoS ONE 12, e0175567 (2017).
12. Pan, Z. et al. Debridement and reconstruction improve postoperative sagittal alignment in kyphotic cervical spinal tuberculosis.
Clin. Orthop. Relat. Res. 475, 2084-2091 (2017).

Scientific Reports |

(2020) 10:22036 | https://doi.org/10.1038/s41598-020-79209-x nature research



www.nature.com/scientificreports/

13. Yang, H. et al. Management of spine tuberculosis with chemotherapy and percutaneous pedicle screws in adjacent vertebrae: A
retrospective study of 34 cases. Spine (Phila Pa 1976). 41, E1415-E1420 (2017).

14. Sharma, A. et al. Demographics of tuberculosis of spine and factors affecting neurological improvement in patients suffering from
tuberculosis of spine: A retrospective analysis of 312 cases. Spinal Cord. 55, 59-63 (2017).

15. Shi, T. et al. Retrospective study of 967 patients with spinal tuberculosis. Orthopedics. 39, e838-¢843 (2016).

16. Shen, X. et al. Single-stage posterior-only approach treating single-segment thoracic tubercular spondylitis. Int. J. Clin. Exp. Pathol.
8,11051-11059 (2015).

17. Zhang, H. et al. Debridement, internal fixation, and reconstruction using titanium mesh for the surgical treatment of thoracic and
lumbar spinal tuberculosis via a posterior-only approach: A 4-year follow-up of 28 patients. J. Orthop. Surg. Res. 10, 150 (2015).

18. Verdu-Lopez, F. et al. Minimally invasive spine surgery in spinal infections. J. Neurosurg. Sci. 58, 45-56 (2014).

19. Shi, J. et al. Single-stage internal fixation for thoracolumbar spinal tuberculosis using 4 different surgical approaches. J. Spinal
Disord. Tech. 27, E247-E257 (2014).

20. Wang, X. et al. One-stage anterior debridement, bone grafting and posterior instrumentation vs. single posterior debridement,
bone grafting, and instrumentation for the treatment of thoracic and lumbar spinal tuberculosis. Eur. Spine. 23, 830-837 (2014).

21. Liang, X. J. et al. One-stage posterior debridement with transverse process strut as bone graft in the surgical treatment of single-
segment thoracic tuberculosis: A retrospective single-center study. Medicine (Baltimore). 98(47), 18022 (2019).

22. Sun, D. et al. comparison of anterior only and combined anterior and posterior approach in treating lumbosacral tuberculosis.
Sci. Rep. 9(1), 18475 (2019).

23. Du, X. et al. One stage posterior debridement, non-structural bone graft in the surgical treatment of singlesegment thoracic
tuberculosis: A retrospective single-center cohort study. Int. J. Surg. 65, 134-139 (2019).

24. He, Z. et al. Comparative analysis of the efficacy of a transverse process bone graft with other bone grafts in the treatment of single-
segment thoracic spinal tuberculosis. J. Orthop. Surg. Res. 14(1), 288 (2019).

Author contributions

W.Z. and X.L.2 conceived and designed the study. W.Z., K.T., T.H., Z.Q. and X.L.1 collected the data. W.Z. and
X.L.2 analysed the data. K.T., T.H. and Z.Q. performed the statistical analyses. W.Z. wrote the manuscript. All
authors reviewed and revised the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to X.L.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2020

Scientific Reports |

(2020) 10:22036 | https://doi.org/10.1038/s41598-020-79209-x nature research


www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Midterm surgical results of the lamina with spinous process in treating one-level thoracic or lumbar tuberculosis: a retrospective study
	Materials and methods
	Patient population. 
	Preoperative management. 
	Surgical techniques. 
	Postoperative care. 
	Outcome assessment. 
	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References


