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Study Design: Cross-sectional study.
Purpose: To evaluate sagittal balance, pulmonary function, and spinopelvic parameters in patients with healed spinal tuberculosis 
with severe thoracic kyphosis.
Overview of Literature: Deterioration of neurological function is an absolute indication of surgical intervention in severe post-
tubercular kyphosis, but the relationship of compromise in lung function and spinal alignment with severity of kyphosis is still unclear.
Methods: Twenty patients (age, 14–60 years) with healed spinal tuberculosis with thoracic kyphosis >50° were included. Lateral-
view radiography of the whole spine, including both hips, was performed for assessment of kyphotic angle (K angle), sagittal balance, 
lumbar lordosis, and spinopelvic parameters. Pulmonary function was assessed by measuring the forced vital capacity (FVC), forced 
expiratory volume in 1 second (FEV1), and their ratio (FEV1/FVC) by spirometry.
Results: A positive correlation between severity of kyphosis and sagittal imbalance was noted, with compensatory mechanisms 
maintaining the sagittal balance in only up to 80° of dorsal kyphosis. In >80° of kyphosis, FVC was found to be markedly decreased 
(mean FVC=50.6%). The mean K angle was lower in subjects with lower thoracic kyphosis. In lower thoracic kyphosis, due to short 
lordotic and long kyphotic curves, both lumbar lordosis and pelvic retroversion worked at compensation, whereas, in middle thoracic 
kyphosis, due to long lordotic curve, only lumbar lordosis was required. Normal pulmonary function (mean FVC, 83.0%) and lesser ky-
photic deformity (mean K angle in adolescents, 69.8°; in adults, 94.4°) were found in adolescents.
Conclusions: In >80° of thoracic kyphosis, there is sagittal imbalance and a markedly affected pulmonary function. Such patients 
should be offered corrective surgery if they are symptomatic and medically fit to undergo the procedure. However, whether the surgi-
cal procedure would result in improved pulmonary function and sagittal balance needs to be evaluated by a follow-up study.

Keywords: Thoracic spine; Post-tubercular kyphosis; Sagittal balance; Pulmonary function; Spinopelvic parameters

Copyright Ⓒ 2022 by Korean Society of Spine Surgery
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Asian Spine Journal • pISSN 1976-1902 eISSN 1976-7846 • www.asianspinejournal.org

Received Sep 3, 2020; Revised Nov 30, 2020; Accepted Dec 8, 2020
Corresponding author: Pratyush Shahi
Department of Orthopaedics, University College of Medical Sciences, Dilshad Garden, New Delhi, Delhi-110095, India
Tel: +91-9560484211, E-mail: pratyushshahi@gmail.com

ASJ

Clinical Study Asian Spine J 2022;16(3):394-400  • https://doi.org/10.31616/asj.2020.0464

Asian Spine Journal

Introduction

Tuberculosis of the spine is a common spinal pathology 

in India. It accounts for approximately half of all cases 
of musculoskeletal tuberculosis. Characteristically, there 
is diminution in the intervertebral disc space and ad-
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jacent vertebral bodies, collapse of the spinal elements, 
and anterior wedging, leading to kyphosis and gibbus 
formation. Antitubercular chemotherapy remains the 
cornerstone of treatment [1], but 3% of patients treated 
conservatively will develop kyphotic deformity of >50°, 
which can cause serious cosmetic, psychological, cardio-
respiratory, and neurological problems [2].

Currently, the indications cited by various studies in 
literature for vertebral body resection and deformity cor-
rection in severe post-tubercular kyphosis include pro-
gressive neural deficit (i.e., late-onset paraplegia), com-
promised lung function, and altered sagittal balance [3,4]. 
Although it is obvious that deterioration in neurological 
function should be an indication for surgical interven-
tion, the relationship of compromise in lung function and 
spinal alignment with severity of kyphosis is still unclear. 
Moreover, recent studies suggest that there is no signifi-
cant improvement in lung function following vertebral 
column resection and deformity correction [5]. Since 
compensatory lordosis of the lumbar spine results from 
focal post-tubercular kyphosis, there may not be a sig-
nificant sagittal plane imbalance in such patients. Hence, 
these two factors, in absence of neural deficit, may not 
warrant surgical correction as the associated morbidity 
and mortality with such intervention is high.

Our study aimed to assess pulmonary function and 
sagittal balance in patients with healed post-tubercular 
kyphosis of >50° and evaluate if they are significantly af-
fected to be an indication for deformity correction in ab-
sence of neural deficit.

Materials and Methods

This cross-sectional study included 20 patients aged 
14–60 years with healed spinal tuberculosis with thoracic 
kyphosis >50°. The study obtained ethical approval of the 
institutional review board of University College of Medi-
cal Sciences, Delhi, India on October 15, 2017 (registration 
no, IEC-HR/2017/32/78). Informed consent was obtained 
from all individual participants included in the study.

Lateral-view radiography of the whole spine, including 
both hips, with the patient standing erect and both hips 
and knees in complete extension to negate the compensa-
tory mechanisms at the hips and knees, was performed to 
assess sagittal balance, kyphotic deformity, and spinopel-
vic parameters.

Kyphotic angle (K angle) was measured by drawing a 

line along the posterior margins of the healthy vertebrae 
above and below the site of the disease. The angle formed 
by the two lines is the K angle (Fig. 1) [6].

Sagittal balance was measured by drawing a vertical line 
(plumb line) from the middle of the body of the C7 verte-
bral body. This line should normally pass through the su-
perior endplate of S1 or more precisely within 2 cm of the 
posterosuperior corner of the S1 vertebral body. Then, the 
position of this line was termed positive (>2 cm anterior 
to the posterosuperior corner of S1), neutral (within 2 cm 
from the posterosuperior corner of S1), or negative (>2 
cm posterior to the posterosuperior corner of S1) (Fig. 2) 
[7].

Pulmonary function was assessed by measuring the 
forced vital capacity (FVC), forced expiratory volume in 
1 second (FEV1), and their ratio by spirometry and com-
paring the values in the form of percentage to the pre-
dicted values. Posteroanterior view chest radiography was 
performed in all cases to rule out gross pulmonary lesions, 
and such patients were excluded from the study to ensure 
the measured deterioration in lung function was only due 
to extrapulmonary restrictive lung disease secondary to 
kyphotic deformity.

Spinopelvic parameters (pelvic incidence [PI], pelvic tilt 
[PT], and sacral slope [SS]) were measured on the whole 
spine lateral-view radiography, including both hips. PI 
is the angle between the line perpendicular to the sacral 

Fig. 1. Measurement of kyphotic angle (K angle).

K 63°
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plate at its midpoint and the line connecting this point to 
the axis of rotation of the femoral head. PT is the angle 
between the line connecting the midpoint of the superior 
sacral end plate to the femoral rotational axis and the line 
extending vertically from the femoral rotational axis. SS is 
the angle between the superior endplate of S1 and a hori-
zontal line extending from the anterior-inferior corner of 
the S1 endplate (Fig. 3) [8].

Lumbar lordosis (LL) was determined based on the 
angle between the superior end plate of L1 and superior 
end plate of S1 (Cobb’s L1–S1 method) [9].

Results

The mean age of the patients was 25.8 years (range, 14–50 
years). Six of 20 patients (30%) were adolescents (14 to 18 
years), and 14 (70%) were adults. Twelve patients (60%) 
were female, and 8 (40%) were male.

The mean K angle was 87.1° (range, 60°–140°). Eleven 
of 20 patients (55%) maintained sagittal balance, while the 
remaining 9 (45%) had sagittal imbalance. A majority of 
patients had decreased FVC (17/20), a marked decrease 

being noted in patients with K angle >80° (Table 1). K 
angle was found to be significantly lower in adolescents 
(mean, 69.8°) than adults (mean, 94.4°). FVC was found 
to be significantly reduced in adults (mean, 54.4% of pre-
dicted) compared to that in adolescents (mean, 83.0% of 
predicted). Fifteen of 20 subjects (75%) had the apex of 
deformity in the lower thoracic (at or below T9) level, and 
these subjects had lower mean K angle, lower mean LL, 
and higher mean PT/PI ratio compared to subjects with 
middle thoracic deformity (T4–T8) (Table 2).

Sagittal alignment showed dependence on K angle, LL 
angle, and PT/PI ratio but not on PI. The mean FVC was 
markedly reduced in patients with uncompensated sagittal 
alignment (Table 3). Pathological PT/PI ratio (>0.5) and a 
lesser mean LL angle (65°) were noted in patients with PI 
<35° (Table 4).

Discussion

Spinal tuberculosis can lead to severe kyphotic deformity 
of the back, which can further cause progressive neural 
deficit, decrease in lung function, and spinal malalign-
ment. Although deterioration in neural status is an abso-
lute indication for corrective surgery, a consensus has not 
been reached if the latter two, in absence of neural deficit, 

Fig. 2. Sagittal balance.
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Fig. 3. Spinopelvic parameters.
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Table 1. Kyphotic angle and FVC

Kyphotic angle No. of patients (%) Mean % FVC

60°–80° 11 (55) 73.3

81°–100° 3 (15) 59.8

101°–120° 3 (15) 56

121°–140° 3 (15) 36.3

FVC measured as percentage of predicted value.
FVC, forced vital capacity.
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should also warrant surgery.
Various mechanisms from top to bottom, namely, lum-

bar hyperlordosis, pelvic retroversion, hip extension, knee 
flexion, and ankle extension, act to compensate for the 
thoracic kyphotic deformity and maintain sagittal balance. 
When the energy required to sustain these compensatory 
mechanisms becomes high, the patient can turn symp-
tomatic and present with pain and disability. Eventually, 
the spinal deformity can surpass these compensations, 
obviating the need for an external support.

In this study, we noted a strong correlation between spi-
nal alignment and severity of kyphosis. The mean K angle 
of kyphosis was 77.1° in patients with sagittal balance and 
99.4° in the patients with imbalance, indicating that, at up 
to 80° of dorsal kyphosis, the compensatory mechanisms 
are able to maintain the sagittal balance. To the best of 
our knowledge, no previous study has been conducted 
to determine the relationship between severity of post-
tubercular kyphosis and spinal alignment.

Kyphosis leads to restrictive lung disease by altering the 
shape and size of the thoracic cavity, reducing its mobil-
ity and causing thoracic muscle weakness. In our study, a 
strong correlation was noted between severity of kyphosis 

and compromise in lung function. FVC was significantly 
reduced, signifying restrictive lung disease, in patients 
with kyphotic angle of >80°. Although various studies cor-
relating kyphosis and lung function have been conducted 
with varying results, none have been conducted on post-
tubercular kyphotic subjects specifically [10-14].

Moreover, 75% of the subjects had lower thoracic ky-
photic deformity, which is obvious as this is the spinal 
region most commonly affected by tuberculosis [1]. Sub-
jects with lower dorsal deformity had lower mean K angle 
(82.2°) compared to those with middle thoracic deformity 
(108.5°). Lesser deformity, when the apex of deformity 
was in the lower thoracic region, led to larger percentage 
of subjects (60% versus 25%) with compensated spinal 
alignment in this subgroup. The level of apex of the ky-
photic deformity was also used to decide as to which com-
pensatory mechanism will play the major role. In lower 
dorsal kyphosis (T9 and below), due to a short lordotic 
and long kyphotic curve, both LL and pelvic retrover-
sion worked at compensation, whereas, in middle dorsal 
kyphosis (T4–T8), due to a long lordotic curve with more 
vertebral bodies, only LL and not pelvic retroversion was 
required (Figs. 4, 5). This inference was drawn from the 
classification system of spinal alignment proposed by 
Roussouly and Nnadi [15], which was based on the thora-
columbar split (as a measure of the length ratio of thoracic 
and lumbar curves). Lamartina et al. [16] had drawn a 
similar correlation between deformity pattern and com-
pensatory mechanism. No correlation was found between 
the level of apex of deformity and compromise of lung 
function.

Table 4. Relation of PI with PT/PI ratio, PT, and LL

PI (°) No. of patients (%) Mean PT/PI Mean PT Mean LL

20–35   4 (20) 0.58 14.2 65.0

36–50 12 (60) 0.29 12.5 80.2

51–70   4 (20) 0.30 17.5 80.5

PI, pelvic incidence; PT, pelvic tilt; LL, lumbar lordosis.

Table 2. Apex of deformity

Level No. of subjects Patients with compensated alignment (%) Mean K angle (°) Mean LL (°) Mean PT/PI Mean SS (°)

Lower (T9 and below) 15 9 (60)   82.2   75.6 0.40    25.9

Middle (T4–T8)   4 1 (25) 108.5   86.8 0.19   46.5

Upper (T3 and above)   1   1 (100)   63.0   50.0 0.30   30.0

K angle, kyphotic angle; LL, lumbar lordosis; PT, pelvic tilt; PI, pelvic incidence; SS, sacral slope.

Table 3. Sagittal alignment—compensated and uncompensated

Sagittal alignment No. of patients Mean K angle (°) Mean LL (°) Mean PI (°) Mean PT/PI Mean % FVC

Compensated 11 77.1 71.9 44.6 0.30 73.4

Uncompensated   9 99.4 82.2 40.3 0.40 51.1

FVC measured as percentage of predicted.
K angle, kyphotic angle; LL, lumbar lordosis; PI, pelvic incidence; PT, pelvic tilt; FVC, forced vital capacity.
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K angle was found to be significantly lesser in adoles-
cents (age, 14–18 years) than in adults (age, 19–60 years). 
Rajasekaran [17] had previously stated that post-tuber-

cular deformity progresses in two distinct phases: phase I 
(active phase) includes the changes in the first 18 months 
during the period of activity, and phase II (healed phase) 
occurs after the healing of the disease. Adults have a lesser 
deformity at presentation, lesser increase in deformity 
during phase I, and virtually no change after the disease 
has healed. The progression of deformity in adults is usu-
ally <30° and restricted to the first phase. In contrast, chil-
dren have a higher degree of deformity at presentation, a 
greater tendency for collapse during the active phase of 
the disease, and continued and variable progression even 
after the disease is treated and growth is complete [17]. 
However, we cannot categorically state this due to our 
limitation of the inability to follow the patient to observe 
for any progression, this being a cross-sectional study. The 
mean FVC was found to be normal in adolescents (83%), 
which is relatable to their less extent of kyphotic defor-
mity and the conclusion of Zeng et al. [18] that younger 
(flexible) patients are more likely to have improved func-
tion than older (ankylosed) patients following corrective 
surgery for kyphosis.

We studied the spinopelvic relationship by analyzing 
the pelvic parameters, namely, PI, PT, and SS. PI is a fixed, 
angular parameter and reflects the sagittal length of the 
pelvis from the sacral endplate to the center of the hips. It 
is an anatomical constant for an individual and cannot be 
modified after skeletal maturity, unless trauma or surgery 
modifies the shape of the pelvis. Ranging from 30° to 80°, 
its value does not provide a good clinical correlate [16]. 
The mean PI in our study was 42.7°, which is in agreement 
with the observation of Moon et al. [19] that mean PIs in 
Asian individuals are generally lower than in Caucasian 
individuals. Whereas pelvic sagittal morphology is de-
fined by PI, pelvic orientation in the sagittal plane, based 
on the amount of forward or backward rotation of the 
pelvis around the hip joints, is denoted by PT. A higher 
PT signifies a more retroverted pelvis, whereas a lower PT 
means that the pelvis is anteverted. An anteverted pelvis 
is energy saving because it brings the loading axis of the 
trunk on the pelvis (through the sacral endplate) closer to 
the loading axis of the pelvis on the lower limbs (through 
the hip joints) [20]. Conversely, pelvic retroversion causes 
a more horizontal sacral endplate and a more posterior 
basement of the spine, thus helping to compensate for a 
forward displacement of the spine. It is an energy-con-
suming compensatory mechanism for imperfect sagittal 
balance [16]. SS is a measure of pelvic orientation. Both 

Fig. 4. (A, B) A 25-year-old female with mid-dorsal kyphotic deformity of 84°. 
Apex of deformity was in the mid-dorsal region and lumbar lordosis of 96° was 
the only compensatory mechanism. With a pelvic tilt (PT)/pelvic incidence (PI) 
ratio of 0.23 and sacral slope (SS) of 50°, there was no pelvic retroversion com-
pensating for the deformity. Despite the exaggerated lumbar lordosis (LL), the 
sagittal balance (SB) is positive. TK, thoracic kyphosis.
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Fig. 5. (A, B) A 15-year-old female with lower thoracic kyphosis (TK) of 62°. 
Here, only lumbar lordosis (LL, 80°) was enough to maintain the spinal align-
ment and pelvic retroversion (pelvic tilt [PT]/pelvic incidence [PI] ratio of 0.35 
and sacral slope [SS] of 33°) was not required.
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PT and SS are postural parameters. Their mean values in 
our study were 14.4° and 29.8°, respectively.

An established arithmetic equation states that PI=PT+SS. 
This makes PT dependent on PI; thus, the absolute value 
of PT is not a good clinical correlate. Mac-Thiong et al. 
[21] proposed that PT should be <50% of PI for pelvic 
retroversion, as a compensatory mechanism, to be non-
pathological. In our study, in four patients who had PI 
<35°, the mean PT/PI ratio was 0.58, whereas it was 0.30 in 
patients with PI >35°. This emphasizes two facts in subjects 
with less PI: one that the individual’s ability to retrovert 
the pelvis will be less, and two that as it will still be used as 
a compensatory mechanism, this pelvic retroversion will 
inadvertently fall in the pathological range, causing symp-
toms to the subject. We concluded that a higher PI pro-
vides an individual more ability to compensate for severe 
thoracic kyphotic deformity in an energy-efficient way.

A positive uncompensated or neutral compensated sag-
ittal balance is expected in patients with severe kyphosis, 
but we had two patients in our study with negative sagittal 
balance. It was noted that both of these had very severe 

kyphosis (140° and 130°) and both had the apex of defor-
mity in the mid-dorsal region (D5–D8). Mid-dorsal ky-
phosis provided a relatively longer lordotic curve, allow-
ing exaggerated lordosis, which led to a more horizontal 
sacrum and also the inability to retrovert the pelvis. This 
hyperlordosis with anteverted pelvis caused the C7 plumb 
line to fall behind the body, leading to a negative sagittal 
balance (Fig. 6).

The limitations of the study include its cross-sectional 
design (thus the inability to follow the adolescent subjects 
to monitor for deformity progression) and less sample 
size.

Conclusions

In >80° of thoracic kyphosis, the subjects tend to have 
sagittal imbalance and markedly affected pulmonary 
function. Such patients should be offered corrective sur-
gery if they are symptomatic and medically fit to undergo 
the procedure. However, whether the surgical procedure 
would result in improved pulmonary function and sagit-
tal balance and functionality needs to be evaluated by a 
follow-up study.
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