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Study Design. This study was a retrospective, single-center study. Background. Patients with severe posttuberculous (TB) kyphosis
might suffer from late-onset neurological deficits, and surgical correction may improve neurological function. However, there is a
lack of predictive factors for neurological function in these patients. Objective. This study was aimed at identifying the risk factors
for late-onset neurological deficits in spinal TB patients at initial and final assessments. Methods. Seventy-eight patients with
severe kyphosis caused by old thoracic tuberculosis were retrospectively analyzed. Patients with active spinal TB and other
spinal diseases were excluded from the analysis. The kyphosis Cobb angle, sagittal deformity angular ratio (S-DAR), and level
of apex were measured and calculated on X-ray. The spinal cord cross-sectional area ratio (CSAR), spinal cord sagittal
diameter ratio (SDR), and spinal cord angle (SCA) were measured on preoperative T2-weighted magnetic resonance imaging
(MRI). According to the American Spinal Injury Association (ASIA) Impairment Scale (AIS) at the time of admission, the
patients were divided into the symptomatic group (N = 60 patients, AIS grades A to D) and the asymptomatic group (N = 18
patients, AIS grade E). All of the symptomatic patients underwent surgery, and the patients from both groups had at least 2
years of follow-up. Relationships among the radiological parameters and initial and final AIS grades were evaluated via
univariate and multivariate analyses. Results. The mean duration of kyphotic deformity was 37.4 years in the symptomatic
group. There were no significant differences between the two groups in terms of CSAR, kyphosis Cobb angle, S-DAR, level of
apex, or the segments that were involved. Patients from the symptomatic group exhibited significantly greater SDR and smaller
SCA than those from the asymptomatic group (p < 0:01 and p < 0:01, respectively). The multivariate logistic regression
identified SDR and SCA as independent factors influencing the likelihood of spinal cord injury at the initial and final
assessments. Conclusions. Severe posttuberculous kyphosis may lead to significant neurological symptoms many years following
the initial treatment. The predictive factors for late-onset neurological deficits include larger SDR and smaller SCA.

1. Introduction

Spinal tuberculosis (TB) often involves the thoracic and
lumbar segments and is a major cause of kyphotic deformi-
ties [1]. Although chemotherapy has resulted in TB being a
curable disease [2], the structure of the spine is destroyed
after TB infection, thus resulting in severe kyphosis (Pott’s
deformity), spinal instability, and the tendency to develop
nonunion [1]. Severe kyphotic deformities can lead to severe
appearance and psychological problems in patients. In addi-
tion, late-onset neurological deficits may occur after many

years in a healed TB, which may be due to spinal cord com-
pression or traction caused by bulging of the central verte-
bral bone in the angular kyphosis into the spinal canal, as
well as due to the proliferation of fibrous tissue in the spinal
canal and the excessive traction of the spinal cord caused by
kyphosis [3]. Therefore, it is of great significance to predict
or prevent the occurrence of delayed neurological dysfunc-
tion in patients with healed TB.

To our knowledge, there are few studies that have exam-
ined radiological parameters in healed spinal TB to define
the risk factors for late-onset neurological deficits or to
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predict the prognoses of the neurological outcomes after sur-
gery. Clinical studies have demonstrated that risk factors,
including thoracic kyphosis, cord edema, and canal encroach-
ment, can predict neurological deficits in patients with active
spinal TB [4–7]. However, the previous literature has limited
information on effective evaluation methods or indicators for
evaluating and predicting changes in neurological function
[8], which may have a direct guiding role in the treatment
and prognosis of the disease, especially in deciding the timing
of surgery.

Therefore, the purpose of this study was to assess the risk
factors for late-onset neurological deficits in patients with
severe posttuberculous thoracic kyphosis at the initial and
final assessments.

2. Methods

2.1. Participants. The details of patients with Pott’s deformity
(apex levels T1 to T12, inclusive) presented at Shanghai
Changzheng hospital spinal deformity center between 2013
and 2020 were retrospectively obtained. Research ethics and
institutional review boards approved the study. Patients were
included if they were older than 18 years old, had a severe
kyphotic deformity of at least 80° with an apex in the thoracic
regions, and had complete imaging data (including full body
X-ray and full-spine magnetic resonance imaging (MRI)
scans). For patients without surgery, the diagnosis of spinal
TB was based on the laboratory tests (such as the Mantoux
test, the purified protein derivative (PPD), or the tuberculosis
skin test (TST)) and imaging. For operated patients, tissue
tests (including culture, histopathology, and polymerase chain
reaction (PCR) tests) were also used for the diagnoses. Patients
with active diseases, early-onset neurological deficits, cervical
or sacral TB, and other severe comorbidities (such as severe
restrictive ventilatory disorder) were excluded. Patients with
a histological diagnosis of other infections, thoracic kyphosis
caused by other causes, or low-quality radiological images that
were difficult to accurately measure were also excluded.

Demographic data, including age, sex, duration of kypho-
sis, and anti-TB therapy, were obtained. The American Spinal
Injury Association (ASIA) Impairment Scale (AIS) grades
were used for the assessment at the initial presentation and
rehabilitation discharge. Patients were divided into the symp-
tomatic group (AIS grades A to D) and the asymptomatic
group (AIS grade E).

All of the symptomatic patients who received surgery had a
first stage of halo gravity traction, with an average time of 3:2
± 1:4 months. The second stage of treatment included poste-
rior decompression and stabilization via vertebral column
resection (VCR) by one senior spinal surgeon (XHZ) [9].
Motor-evoked potentials (MEPs) and somatosensory evoked
potentials (SSEPs) were routinely monitored and recorded dur-
ing the surgeries. In addition, intraoperative neuromonitoring
events were recognized as a decrease in SSEPs of at least 50%
amplitude and/or a 10% increase in latency and/or a sustained
increase in threshold intensity of at least 100V for the MEPs
[10]. Intraoperative data, including estimated blood loss and
operation time, were collected. All of the patients were dis-
charged 14 days after surgery and wore braces for 3 months.

2.2. Radiographic Data. Full-spine anteroposterior and lateral
radiographs and full-spineMRI were collected for each patient
at the initial presentation. For patients undergoing surgery,
full-spine anteroposterior and lateral radiographs were also
performed at the final follow-up for postoperative kyphosis
Cobb angle measurements. The following quantitative mea-
sures were performed by using the Picture Archiving and
Communication Systems (PACS) system and ImageJ
(National Institutes of Health). The angle of kyphotic defor-
mity was determined by using the Cobb angle method as the
angle between the upper border of the upper normal vertebrae
and the lower border of the lower normal vertebrae [11]. The
sagittal deformity angular ratio (S-DAR) was calculated as the
Cobb angle of the sagittal curve divided by the number of ver-
tebrae involved in the curve [12]. Additionally, the spinal cord
cross-sectional area ratio (CSAR) was calculated by using the
following formula: the average of the spinal cord cross-
sectional area (CSA) – spinal spinal cord CSA at the apex
level/the average of spinal cord CSA ∗ 100. The average spinal
cord CSA was calculated by taking the average spinal cord
CSA of the proximal and distal vertebrae to the diseased seg-
ment [13]. The spinal cord sagittal diameter ratio (SDR) was
calculated by using the following formula: the average sagittal
diameter (SD) of the spinal cord – the SD of the spinal cord at
the apex level/the average SD of the spinal cord ∗ 100. The
average SD of the spinal cord was calculated by taking the
average spinal cord SD of the proximal and distal vertebrae
to the diseased segment. Moreover, the spinal cord angle
(SCA) was defined by the angle formed by two lines that con-
nected the midpoint of the spinal cord at the apex level and the
midpoint of the spinal cord at the level of the upper and lower
endplates of the destroyed and fused segments before surgery
(Figures 1 and 2). The CSAR, SDR, and SCA were measured
by 2 independent observers, and the mean value of the 2 mea-
surements was calculated.

2.3. Statistical Analysis. Intraclass correlation coefficients,
which were calculated by using 2-way mixed intraclass corre-
lation coefficient models (3, k), were used for the intrarater
and interrater reliability of each observer’s measurements.
Two-tailed t-tests were used for the comparisons between
the parametric datasets, and the chi-square test, the Mann–
Whitney U test (2-tailed), or the Kruskal–Wallis test with a
post hoc analysis (the Dunn test) was performed for the com-
parisons between nonparametric data. Univariate analysis was
performed to assess the relationship between independent var-
iables and the presence of spinal cord injury (AIS grades A to
D) at the initial and final assessments or regarding no
improvement of neurological function after surgery. For the
spinal cord cross-sectional area ratio, spinal cord angle, and
ratio of sagittal diameter of the spinal cord, ORs were calcu-
lated on the basis of having a poor outcome (AIS grades A
to D) if compromise was greater than the mean of each group
[14]. Variables with a p value of < 0.2 in the univariate analysis
were chosen for inclusion in a stepwise multivariate logistic
model for each binary outcome. Significance was set at p <
0:05, and data are presented as the mean and the standard
deviation, unless otherwise stated.
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3. Results

The mean age (and standard deviation) of patients was 45:9
± 15:8 years, and 67% of patients were male (n = 52 patients)
(Table 1). The mean duration of kyphotic deformity was
32:4 ± 12:6 years, and 86% of the patients had a history of
anti-TB chemotherapy. Additionally, T5 to T8 vertebral levels
were the most common levels of the apex (n = 43 (55%)). The
mean number of segments involved was 6:5 ± 7:6.

Neurological functional change was assessed via the
change in AIS grade from the initial assessment (first presen-
tation) to the final assessment (at least 2-year follow-up).
Three patients (5%) were classified as AIS grade A at the first
visit in the symptomatic group (Table 2, Figure 3). Thirty-five
patients in the symptomatic group (58%) showed no change in
AIS grade (Table 3). Twenty-one (35%) patients improved AIS
grade 1, and 4 (7%) patients improved AIS grade 2 (Table 3).

The mean intraclass correlation coefficients of intrarater
reliability were 0:94 ± 0:03, 0:94 ± 0:03, and 0:96 ± 0:03 for
the spinal cord cross-sectional area ratio, spinal cord angle,
and spinal cord sagittal diameter ratio, respectively. Interra-
ter reliability is shown in Table 4.

We then analyzed the imaging measurement data between
the two groups. Patients from the symptomatic group (AIS
grades A-D, Figure 4) showed a significantly greater spinal
cord sagittal diameter ratio and smaller spinal cord angle than
those patients from the asymptomatic group (AIS grade E)
(p < 0:01 and p < 0:01, respectively, Table 5). No significant
difference was found in terms of spinal cord cross-sectional

area ratio, preoperative sagittal Cobb angle, S-DAR, the
involved segments, spinal cord signal change, or levels of apex.

Three independent variables were identified to be associated
with patients having spinal cord injury (AIS grades A-D) at the
initial and final assessments (Table 6) in the univariate analysis.
The spinal cord sagittal diameter ratio and spinal cord angle
were identified as being independent factors for the likelihood
of spinal cord injury at the initial assessment (OR: 13.56 (95%
CI: 3.21-88.43), p < 0:01; OR: 8.31 (95% CI: 1.44-32.32), p <
0:01, respectively) in the multivariate logistic regression analy-
sis. The spinal cord sagittal diameter ratio and spinal cord angle
were identified as being independent factors for the likelihood
of spinal cord injury at the final assessment (OR: 8.22 (95%
CI: 1.98-43.28), p < 0:01; OR: 5.44 (95% CI: 1.10-17.43), p <
0:01, respectively).

The spinal cord cross-sectional area ratio and spinal cord
angle were identified as being independent factors associated
with no improvement in neurological function in the univari-
ate analysis. None of these variables had a significant associa-
tion with outcomes (p > 0:05) in the multivariate logistic
regression analysis.

4. Discussion

Our study demonstrated that an increased spinal cord sagit-
tal diameter ratio and decreased spinal cord angle were asso-
ciated with the presence of late-onset neurological deficits in
spinal TB, both at the first presentation and at the postoper-
ative follow-up.

(a) (b)

Figure 1: A 60-year-old male patient suffered from rapid deterioration of neurological symptoms with AIS grade C. (a) Clinical images. (b)
Plain radiographs showing angular kyphosis of the upper thoracic region of the spine.
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Most patients with spinal tuberculosis develop kyphotic
deformities in childhood but may still suffer from neurolog-
ical deterioration many years after the disease is healed [15].
Hsu et al. reported of delayed paraplegia at an average of 18

years after the initial onset of symptoms [16]. Furthermore,
Wong et al. reported that approximately 67% of patients
presented with late neurological deterioration at a mean of
26 years after the initial drug treatment, and the majority
of the deteriorations were caused by healed disease, which
leads to worsened results of surgery [17]. In our study, we
observed a mean time of 32.4 (6-57) years from the time of
the diagnosis of thoracic tuberculosis to the development
of delayed neurological dysfunction.

Table 1: Demographic characteristics of patients.

Patient characteristics Value

Age 45:9 ± 15:8
Gender∗

Male 52 (67)

Female 26 (33)

Duration of kyphosis 32:4 ± 12:6
Anti-TB chemotherapy∗ 67 (86)

Level of apex∗

T1 to T4 9 (12)

T5 to T8 43 (55)

T9 to T12 26 (33)

Segments involved 6:5 ± 7:6
∗The values are given as the number of patients, with the percentage in
parentheses.

Table 2: Patient AIS grade at first present and final assessment.

AIS
grade

Asymptomatic
group

Symptomatic group
Initial

assessment∗
Final

assessment∗

A 0 3 (5) 2 (3)

B 0 8 (13) 5 (8)

C 0 19 (32) 14 (23)

D 0 30 (50) 24 (40)

E 18 0 (0) 15 (25)
∗The values are given as the number of patients, with the percentage in
parentheses.

(a)

B
A

C

(b) (c)

Figure 2: Radiological measurement of the patient in Figure 1. (a) The left panel shows the measurement of the spinal cord angle (SCA). (b,
A) Sagittal diameter (SD) of the spinal cord at maximum compression; B and C represent SD of the spinal cord one level above or below the
site of maximum compression, respectively. Average SD of the spinal cord ðDÞ = ðB + CÞ/2. Spinal cord sagittal diameter ratio ðSDRÞ = ðD
−AÞ/D ∗ 100%. (c, A) Spinal cord cross-sectional area (CSA) at maximum compression. B and C represent spinal cord CSA one level
above or below the site of maximum compression, respectively. Average CSA of the spinal cord ðDÞ = ðB + CÞ/2. Spinal cord cross −
sectional area ratio ðCSARÞ = ðD −AÞ/D ∗ 100%.
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(a) (b)

(c)

Figure 3: A 45-year-old female with spinal tuberculosis presented with 96.8° of kyphosis (a, AIS grade E). (b) CT revealed fusion of T11 and
T12 vertebrae. (c) T2-weighted MRI showed tortuous spinal cord in the kyphotic region. SDR was 23.4%. SCA was 127.7°. CSAR was 13.4%.
SDR: spinal cord sagittal diameter ratio; SCA: spinal cord angle; CSAR: spinal cord cross-sectional area ratio.

Table 3: AIS grade conversion from preoperative evaluation to final assessment∗.

Initial AIS grade
Final AIS grade

A B C D E

A 2 1 0 0 0

B 0 4 2 2 0

C 0 0 12 5 2

D 0 0 0 17 13
∗Data were based on 60 patients from the symptomatic group.

Table 4: Quantitative measures and interrater reliability.

Value∗ Interrater reliability#

Spinal cord cross-sectional area ratio (%) 45:23 ± 25:67 0.93 (0.89 to 0.97)

Spinal cord sagittal diameter ratio (%) 47:10 ± 15:53 0.94 (0.91 to 0.97)

Spinal cord angle (°) 75:19 ± 19:00 0.89 (0.82 to 0.94)
∗The values are given as the mean and the standard deviation. #The values are given as the intraclass correlation coefficient, with the 95% CI in parentheses.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 4: Continued.
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Nerve injury during the quiescence period of posttuber-
cular kyphosis may be caused by direct cord compression by
bony structures in front of the spinal canal due to fibrous
hyperplasia and the thickening of the epidural granulation
tissue or the gradual progression of kyphosis [18]. However,
the relationship between kyphotic deformities and the pro-
gression of neurological impairment is not yet clear, and
there is insufficient evidence in the literature to support the
idea that the correction of deformities can prevent neurolog-
ical degeneration. In our study, we found no association
between preoperative kyphosis and spinal cord injury at
either the initial or the final assessments.

For patients with thoracic Pott’s deformity, there is a lack
of effective assessments for predicting the risk of progression
of neurological symptoms. In our study, we found that a spinal
cord cross-sectional area ratio in excess of 45% showed only a

weak association with the development of spinal cord injury
either at the first visit or at the final assessment. More impor-
tantly, a spinal cord sagittal diameter ratio greater than 47%,
which directly reflected the degree of the spinal cord being
squeezed or stretched in the sagittal plane, was associated with
a greater than tenfold increased likelihood of neurological def-
icits at first presentation. Although some studies have shown
that larger canal encroachment could significantly predict
neurological deficits in patients with spine active TB [7], our
study indicated that the spinal cord sagittal diameter ratio
may bemore accurate and useful for predicting late-onset neu-
rological deficits in patients in the quiescent phase of infection.

The relationship between the spinal cord angle and spi-
nal cord injury suggested that traction may be a major cause
of injury in cases of thoracic Pott’s deformity. The incom-
plete fusion of the kyphotic deformity and the presence of

(i)

Figure 4: A 63-year-old male with spinal tuberculosis presented with 158.5° of kyphosis (a). (b) Preoperative photograph showed obvious
stoop (AIS grade B). The patients suffered from delayed paraplegia. (c) CT revealed destruction and fusion of multiple vertebrae from T7 to
L1. (d) T2-weighted MRI showed compressed spinal cord in the kyphotic region. SCA was 79.2°. (e) SDR was 64.3%. (f–h) CSAR was 48.3%.
(i) MVCR surgical procedure was carried out to resect the vertebrae of T8-12, with posterior pedicle screw fixation and fusion. SDR: spinal
cord sagittal diameter ratio; SCA: spinal cord angle; CSAR: spinal cord cross-sectional area ratio.

Table 5: Imaging measurements of the two groups of patients.

Asymptomatic group Symptomatic group p value

Spinal cord cross-sectional area ratio (%) 43:77 ± 13:56 47:65 ± 19:32 0.43

Spinal cord sagittal diameter ratio (%) 40:23 ± 13:25 67:45 ± 12:44 <0.01
Spinal cord angle (°) 109:43 ± 21:35 86:45 ± 17:54 <0.01
Preoperative sagittal Cobb angle (°) 97:34 ± 22:18 105:32 ± 25:42 0.23

Postoperative sagittal Cobb angle (°) - 45:28 ± 30:23 -

S-DAR (°) 20:13 ± 6:49 24:20 ± 9:86 0.10

Segments involved 5:30 ± 7:86 5:72 ± 8:43 0.85

Spinal cord signal change 6 23 0.79

Levers of apex 9:50 ± 4:52 8:95 ± 6:43 0.74
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necrotic cheese tissue were always noted during the opera-
tion for patients with neurological symptoms. The appear-
ance of neurological symptoms may also be related to the
instability of the deformed apex vertebrae. Therefore, the
spinal cord angle (instead of the Cobb angle) may help to
detect the early dysfunction of the spinal cord in kyphotic
deformities. However, we were unable to identify any rela-
tionship between spinal cord angle or spinal cord sagittal
diameter ratio and improved neurological function through
the multivariate analysis.

At present, the optimal timing of surgery is still controver-
sial for patients with thoracic Pott’s deformity. From the per-
spective of deformity, some authors [19] have suggested that
when tuberculous lesions cause kyphosis to develop to more
than 50 degrees, the deformity should be surgically corrected
to restore sagittal balance. Jain [20] reported that total verte-
bral body disease, the treatment of refractory diseases, severe
kyphosis, the development of neurological deficits, and a lack
of improvement or deterioration are surgical indications for
spinal tuberculosis. Based on our data, we suggest the follow-
ing recommendations. (1) For patients with severe Pott’s
deformity presenting with neurological symptoms, conserva-
tive treatment is ineffective. When MRI images show that
the spinal cord is epidurally compressed with spinal edema,
myelitis, or myelomalacia, it is necessary to perform surgical
decompression as soon as possible. (2) For patients without
neurological symptoms, a spinal cord sagittal diameter ratio
greater than 47% or a spinal cord angle less than 95° indicated
that the local spinal cord was severely stretched. Thus, decom-
pression should be considered to avoid the progression of irre-
versible neurological symptoms.

There were several limitations to our study. First, this was
a single-center retrospective study. A multicenter prospective
study with more patients is desirable. In addition, only
patients with thoracic kyphosis were included in this study.
The thoracic cord is relatively smaller than the thoracolumbar
spinal canal [21]. Therefore, with a varied ratio of cord to canal

diameter, the threshold values of the spinal cord angle or the
ratio of sagittal diameter of the spinal cord may be different.

5. Conclusion

In this series of patients with thoracic Pott’s deformity under-
going 3-column osteotomies, the spinal cord sagittal diameter
ratio and spinal cord angle were predictive of patients develop-
ing late-onset neurological deficits. The identification of accu-
rate radiological risk factors can help to determine the surgical
timing and to improve the safety and outcomes when per-
forming complex spinal corrections.
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Table 6: The likelihood of spinal cord injury (AIS grades A-D) at the initial and final assessment and showing no improvement.

Variable
Initial assessment Final assessment No improvement
OR∗ p value OR p value OR p value

Spinal cord cross-sectional area ratio > 45% 5.06 (0.12 to 15.34) 0.13 4.35 (0.24 to 13.17) 0.15 5.29 (0.17 to 18.35) 0.08

Spinal cord sagittal diameter ratio > 47% 12.44 (3.55 to 86.33) <0.01 8.65 (2.01 to 45.76) <0.01 10.56 (0.65 to 73.56) 0.76

Spinal cord angle < 95° 7.83 (1.67 to 27.60) <0.01 5.36 (1.05 to 15.36) 0.02 6.78 (0.64 to 43.17) 0.12

Preoperative sagittal Cobb angle > 104° 1.56 (0.29 to 8.69) 0.45 1.70 (0.32 to 9.43) 0.38 1.49 (0.21 to 8.77) 0.71

Segments involved > 5 3.54 (0.43 to 21.34) 0.38 3.21 (0.55 to 19.37) 0.43 3.67 (0.66 to 24.36) 0.56

Age per year 1.02 (0.05 to 5.38) 0.83 1.13 (0.12 to 7.87) 0.76 1.20 (0.09 to 12.34) 0.54

Time to spinal deformity per year 1.07 (0.65 to 1.23) 0.67 1.21 (0.76 to 1.53) 0.65 1.13 (0.67 to 1.47) 0.29

Spinal cord signal change 1.32 (0.12 to 11.23) 0.33 1.29 (0.04 to 13.20) 0.59 1.38 (0.15 to 14.87) 0.

Kyphosis correction rate > 56% - - - - 3.23 (0.68 to 23.45) 0.25

Intraoperative neuromonitoring events ≥ 1 - - - - 7.45 (0.56 to 16.75) 0.34

Estimated blood loss > 1745ml - - - - 1.56 (0.07 to 13.56) 0.58

Operation time > 325min - - - - 2.57 (0.43 to 24.56) 0.46
∗The values are given as the OR, with the 95% CI in parentheses.

8 BioMed Research International



Authors’ Contributions

JZ and ZC analyzed and interpreted the radiographic data.
YM and ZC collected the data. JZ, XZ, and HJ were major
contributors in writing the manuscript. All authors read
and approved the final manuscript. Jianquan Zhao and
Zhuyun Cai contributed equally to this work and should
be considered as co-first authors.

References

[1] L. Wang, J. Liu, and D. P. Chin, “Progress in tuberculosis con-
trol and the evolving public-health system in China,” Lancet,
vol. 369, no. 9562, pp. 691–696, 2007.

[2] M. S. Moon, “Tuberculosis of the spine, Controversies and a
new challenge,” Spine (Phila Pa 1976), vol. 22, no. 15,
pp. 1791–1797, 1997.

[3] R. K. Garg and D. S. Somvanshi, “Spinal tuberculosis: a
review,” The Journal of Spinal Cord Medicine, vol. 34, no. 5,
pp. 440–454, 2011.

[4] H. Wang, X. Yang, Y. shi et al., “Early predictive factors for
lower-extremity motor or sensory deficits and surgical results
of patients with spinal tuberculosis,” Medicine, vol. 95,
no. 34, p. e4523, 2016.

[5] R. Dunn, I. Zondagh, S. Candy et al., “Spinal tuberculosis:
magnetic resonance imaging and neurological impairment,”
Spine (Phila Pa 1976), vol. 36, no. 6, pp. 469–473, 2011.

[6] S. Sae-Jung, N. Wongba, and K. Leurmprasert, “Predictive fac-
tors for neurological deficit in patients with spinal tuberculo-
sis,” Journal of Orthopaedic Surgery, vol. 27, no. 3,
p. 230949901986881, 2019.

[7] S. Mittal, G. Yadav, K. Ahuja, S. Ifthekar, B. Sarkar, and
P. Kandwal, “Predicting neurological deficit in patients with
spinal tuberculosis - a single-center retrospective case-control
study,” SICOT J, vol. 7, p. 7, 2021.

[8] S. Rajasekaran and T. K. Shanmugasundaram, “Prediction of
the angle of gibbus deformity in tuberculosis of the spine,”
The Journal of Bone and Joint Surgery. American Volume,
vol. 69, no. 4, pp. 503–509, 1987.

[9] A. Hamzaoglu, A. Alanay, C. Ozturk, M. Sarier, S. Karadereler,
and K. Ganiyusufoglu, “Posterior vertebral column resection
in severe spinal deformities,” Spine (Phila Pa 1976), vol. 36,
no. 5, pp. E340–E344, 2011.

[10] A. A. Gonzalez, D. Jeyanandarajan, C. Hansen, G. Zada, and
P. C. Hsieh, “Intraoperative neurophysiological monitoring
during spine surgery: a review,” Neurosurgical Focus, vol. 27,
no. 4, p. E6, 2009.

[11] A. K. Jain, A. Aggarwal, and G. Mehrotra, “Correlation of
canal encroachment with neurological deficit in tuberculosis
of the spine,” International Orthopaedics, vol. 23, no. 2,
pp. 85–96, 1999.

[12] X. B. Wang, L. G. Lenke, E. Thuet, K. Blanke, L. A. Koe-
ster, and M. Roth, “Deformity angular ratio describes the
severity of spinal deformity and predicts the risk of neurol-
ogic deficit in posterior vertebral column resection sur-
gery,” Spine (Phila Pa 1976), vol. 41, no. 18, pp. 1447–
1455, 2016.

[13] A. C. Yau, L. C. Hsu, J. P. O'Brien, and A. R. Hodgson, “Tuber-
culous kyphosis,” The Journal of Bone and Joint Surgery.
American Volume, vol. 56, no. 7, pp. 1419–1434, 1974.

[14] P. Skeers, C. R. Battistuzzo, J. M. Clark, S. Bernard, B. J. C.
Freeman, and P. E. Batchelor, “Acute thoracolumbar spinal
cord injury,” The Journal of Bone and Joint Surgery. American
Volume, vol. 100, no. 4, pp. 305–315, 2018.

[15] I. E. Smith, C. M. Laroche, S. A. Jamieson, and J. M. Shneerson,
“Kyphosis secondary to tuberculosis osteomyelitis as a cause of
ventilatory failure: clinical features, mechanisms, and manage-
ment,” Chest, vol. 110, no. 4, pp. 1105–1110, 1996.

[16] L. C. Hsu, C. L. Cheng, and J. C. Leong, “Pott’s paraplegia of
late onset. The cause of compression and results after anterior
decompression,” Journal of Bone and Joint Surgery. British
Volume (London), vol. 70-B, no. 4, pp. 534–538, 1988.

[17] Y. W. Wong, D. Samartzis, K. M. C. Cheung, and K. Luk,
“Tuberculosis of the spine with severe angular kyphosis,”
The Bone & Joint Journal, vol. 99-B, no. 10, pp. 1381–
1388, 2017.

[18] K. Kumar, “Spinal tuberculosis, natural history of disease, clas-
sifications and principles of management with historical per-
spective,” European Journal of Orthopaedic Surgery and
Traumatology, vol. 26, no. 6, pp. 551–558, 2016.

[19] K. C. Mak and K. Cheung, “Surgical treatment of acute TB
spondylitis: indications and outcomes,” European Spine Jour-
nal, vol. 22, no. 4, pp. 603–611, 2013.

[20] A. K. Jain, “Treatment of tuberculosis of the spine with neurol-
ogic complications,” Clinical Orthopaedics and Related
Research, vol. 398, pp. 75–84, 2002.

[21] T. Kameyama, Y. Hashizume, and G. Sobue, “Morphologic
features of the normal human cadaveric spinal cord,” Spine
(Phila Pa 1976), vol. 21, no. 11, pp. 1285–1290, 1996.

9BioMed Research International


	Predictive Factors for Late-Onset Neurological Deficits in Patients with Posttuberculous Thoracic Kyphosis
	1. Introduction
	2. Methods
	2.1. Participants
	2.2. Radiographic Data
	2.3. Statistical Analysis

	3. Results
	4. Discussion
	5. Conclusion
	Data Availability
	Ethical Approval
	Consent
	Conflicts of Interest
	Authors’ Contributions

