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Study Design: This is a descriptive observational study.
Purpose: The objective of this study is to analyze and document the sagittal alignment of the spine and pelvis in normal Indian adult 
volunteers and compare these parameters with the study population of other races and ethnicities.
Overview of Literature: Given the importance of the spinopelvic parameters, there is a need to describe the parameters differen-
tially in relation to the ethnicity of the studied individual. Very few reports have defined the normal physiological value. Ethnic dif-
ferences are a significant factor not only when describing the anthropometric data but also when applying the findings to a different 
ethnic group. We have compared these values with other races and ethnicities so that we can know whether the principles of spinal 
fixation can be applied globally.
Methods: In total, 100 participants were studied by using their anteroposterior and lateral radiographic images of whole of pelvic 
and spinal area. Additionally, various spinal and pelvic parameters were also measured. Subsequently, the outcomes were analyzed 
with respect to age, sex, and body mass index (BMI). The correlation between different parameters and differences in these param-
eters between Indians and other races/ethnicities along with population groups were also analyzed.
Results: There was a significant increase in thoracic kyphosis (TK) from T1–T12 and T4–T12 with increasing age. Lumbar lordosis (LL), 
sacral translation (sagittal vertical axis), and pelvic tilt were significantly higher among females. Additionally, sacral slope (SS), pelvic 
incidence, C7 sagittal offset, and T9 sagittal offset were also higher in females. TK (T4–T12 and T1–T12), LL, SS, and pelvic incidence 
showed a significant correlation with BMI. As compared to European population, TK, segmental LL, and sacral translation were found 
to be significantly lesser in Indian population.
Conclusions: There is a statistically significant difference between Indians and other races/ethnicities and population groups with 
respect to TK, LL, and sacral translation. The values obtained can be considered as the physiological normal values for Indian popula-
tion. Importantly, these values can serve as the reference values for future studies.
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Introduction

Sagittal alignment has been given an increasing impor-
tance in maintaining the normal functioning of spinal col-
umn and its various disease states. The Scoliosis Research 
Society has defined the existence/presence of normal sag-
ittal alignment as when the plumb line dropped from the 
center of C7 body lies within ±2 cm of the sacral promon-
tory. The reciprocal curves of cervical, thoracic, and lum-
bar spine allow an optimal absorption of loads applied to 
the spine with minimal energy expenditure. These curves, 
especially lumbar lordosis (LL), play a significant role in 
maintaining an efficient upright posture. Many research-
ers have reported the negative effects of a reduced LL with 
fixed sagittal imbalance after spinal instrumentation; this 
condition is also known as a flatback deformity [1]. The 
relevant parameters for the sagittal alignment of the spinal 
column in an upright posture are well described in litera-
ture. However, very few reports have defined its normal 
physiological value. Moreover, it has been proven that the 
physiological upright standing posture may be attained 
in multiple ways for and by every individual with an ex-
clusive sequence of spinopelvic alignment and sagittal 
plane contour. These patterns may be affected by numer-
ous variables, such as age, gender, weight, and, especially, 
pelvic morphology and orientation of the pelvis. Hence, it 
is important to study the normative values and relation-
ships among all the parameters of spinopelvic balance in 
asymptomatic patients.

Ethnic differences are a significant factor not only while 
describing the anthropometric data, but also while ap-
plying the findings to a different ethnic group. Given the 
importance of spinopelvic parameters, there is a need to 
describe the parameters differentially with respect to the 
ethnicity of the studied individual. Although the refer-
ence values defined as “normal” have been reported, we 
believe that this observation constitutes a simplistic view 
of the variability observed for individual anthropometric 
values. As there is no documentation of normative values 
of these parameters of spinopelvic alignment for Indian 
population, we aimed at determining these radiographic 
parameters in the normal adult volunteers from India. 
We have compared these values between Indian cohort 
with cohort from other races and ethnicities so that we 
can know whether the principles of spinal fixation can be 
applied globally. The objective of this study is to postulate 
the reference values while considering future work on spi-

nal alignment in the Indian population.

Materials and Methods

The study was conducted at a tertiary care spine institute 
for a duration of 2 years (January 2018–January 2020). 
Our institute receives patients from pan-India with dif-
ferent geographical representations. In total, 100 normal 
adult volunteers aged between 20 and 60 years were in-
cluded in this study. The Institutional Review Board of In-
dian Spinal Injuries Centre, New Delhi granted approval 
for study’s conduct and protocol prior to its commence-
ment (ISIC/RP/2018/027). Additionally, written informed 
consent along with a statement explaining radiation ex-
posure was obtained from all the volunteers. Patients with 
a history of chronic back pain, spinal disorders, previous 
spine surgery, and radiographic abnormality detected 
before or during the study, hip, knee and ankle abnormal-
ity, and limb length inequality were excluded. An antero-
posterior and lateral radiograph of spine and pelvis of 
105 volunteers (four were excluded in view of presence of 
radiographic abnormalities and one patient had a discrep-
ancy in the limb length) was taken in standing position.

Technique of taking the radiographs: al the radiographs 
were supervised by the authors for the purpose of stan-
dardization. A 91.44-cm vertical cassette was used. The 
distance between the radiographic source and the film 
was maintained at 2.5 m. The mean parameters were 90 
kV/100 mAs for the lateral X-ray and 70 kV/160 mAs for 
the anterior X-ray. The diagnostic X-ray system (Rx Only; 
Samsung Electronics Co. Ltd., Suwon, Korea; Model no. 
XGEO GC80, System Cabinet ID. SDR-OGCA72B) was 
used in this study. The radiograph was centered on the 
12th thoracic vertebra. All the radiographs were taken 
during inhalation. For male participants, a gonadal lead 
protection was used. For the anteroposterior X-ray, the 
patient was asked to stand in an erect posture, barefoot, 
feet slightly apart, knees in extension, facing the cassette 
and keeping the arms hanging (in females, a lead protec-
tion for breasts was used). For the lateral X-ray, the patient 
was naturally standing up, looking straight ahead and 
hands resting on a vertical support, with relaxed upper 
limbs and slightly flexed elbows. In this position, the up-
per limbs do not obscure the spine or change the natural 
alignment of the spinal column. Using this standardized 
technique, regardless of the patient’s size, it was possible 
to visualize the whole spine including skull and pelvis (in 
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some cases, even head and the proximal parts of femur 
were observed). The criteria for acceptable X-ray were that 
the posteroanterior view should visualize from occiput to 
the femur head entire width of rib cage. The lateral view 
should visualize occiput to the femur head.

The following parameters were measured on every ra-
diograph by a spine surgeon who is also the lead author 
of this paper along with a radiologist, and the mean value 
of each observation was taken (Fig. 1). (1) Pelvic tilt (PT): 
it is the angle subtended within the perpendicular and 
the line communicating midpoint of endplate of sacrum 
and center of the bicoxo-femoral axis. (2) Pelvic incidence 
(PI): it is the angle between the line perpendicular to the 
midpoint of the cranial sacral endplate and the line join-
ing the center of bicoxo-femoral axis. (3) Sacral slope 
(SS): it is the angle of the sacral plateau to the horizontal. 
(4) Sacral translation (sagittal vertical axis, SVA): it was 
measured as the perpendicular distance from the vertical 
line through the hip axis to the vertical line through the 
posterior superior sacral corner. (5) LL: it is the angle be-
tween the cranial endplate of L1 and the caudal endplate 
of L5 vertebral body. (6) Thoracic kyphosis (TK): it is the 
angle between the cranial endplate of T4 and the caudal 
endplate of T12. (7) Maximum thoracic kyphosis (MTK): 

it is the angle between the cranial endplate of T1 and the 
caudal endplate of T12. (8) C7 sagittal offset (C7-SVA): it 
is the angle between the vertical plumb line and the line 
between the center of the vertebral body of C7 and the 
center of bicoxo-femoral axis. (9) T9 sagittal offset (T9-
SVA): it is the angle between the vertical plumb line and 
the line between the center of the vertebral body of T9 
and the center of bicoxo-femoral axis. (10) Segmental 
lumbar lordosis: it was measured between each segment 
L5–S1, L4–S1, L3–S1, L2–S1, and L1–S1.

All the parameters were compared with the parameters 
of other population groups/races and ethnicities in the 
previously published literature to document any racial 
differences between the two data values. Moreover, a case 
record form was prepared.

The data were analyzed using statistical software SAS 
ver. 9.2 (SAS Institute Inc., Cary, NC, USA), IBM SPSS 
ver. 25.0 (IBM Corp., Armonk, NY, USA), Stata ver. 10.1 
(Stata Corp., College Station, TX, USA), MedCalc ver. 
9.0.1 (MedCalc Software Ltd., Ostend, Belgium), Systat 
12.0 (Systat Software Inc., San Jose, CA, USA), and R 
environment ver. 2.11.1 (The R Foundation for Statisti-
cal Computing, Vienna, Austria). Microsoft Word and 
Excel (Microsoft Corp., Redmond, WA, USA) were used 

Fig. 1. Sagittal parameters measured on the standing lateral radiograph. (A) Pelvic parameters: PI, pelvic incidence; PT, pelvic tilt; SS, sacral 
slope. (B) Segmental kyphosis: LL, lumbar lordosis; TK, thoracic kyphosis; TK–D1, maximum TK. (C) Segmental lumbar lordosis between each 
lumbar segments. (D) Sagittal offset measurements: SVA, sagittal vertical axis (sacral translation); T9-SVA, T9 sagittal offset; C7-SVA, C7 sag-
ittal offset.
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to generate graphs, tables, and other necessary elements. 
Descriptive statistical analysis was also performed in this 
study. Results on continuous measurements were present-
ed as mean±standard deviation (min–max), and results 
on categorical measurements were presented in numbers 
(%). Significance was assessed at 5% level of significance. 
Analysis of variance was used to find the significance of 
study parameters between three or more groups of pa-
tients. Student t-test (two-tailed, independent) was used 
to find the significance of study parameters on the contin-
uous scale between the two groups; inter-group analysis) 
on metric parameters. Pearson correlation coefficient was 
measured to assess the relationship of study variables with 
age and BMI.

Results

This was a cross-sectional correlation study that was con-
ducted on 105 asymptomatic volunteers. Each subject 
underwent one lateral radiograph; however, four persons 
were excluded from the study as their radiographs showed 
spondylolisthesis at L4–L5 (one subject) and at L5–S1 (two 
subjects) and one subject had discrepancy in the limb 
length. In total, 100 subjects who qualified for the study 

Table 1. Mean and range of all the variables studied with their standard devia-
tion

Variable Min–max Mean±SD

Age (yr) 20–45 27.52±6.13

Height (cm) 144–180 162.12±8.26

Weight (kg) 38–86 60.07±10.76

Body mass index (kg/m2) 16.88–33.22 22.71±2.85

TK (°) 16–52 35.04±8.74

Maximum TK (TK–D1) (°) 20–68 44.41±10.46

Lumbar lordosis (°) 12–66 43.61±12.04

L1–S1 (°) 29–80 56.39±9.95

L2–S1 (°) 32–75 54.03±7.49

L3–S1 (°) 29–69 48.41±6.67

L4–S1 (°) 23–58 39.04±6.17

L5–S1 (°) 10–48 23.19±7.20

Sacral slope (°) 16–64 39.62±7.98

Pelvic incidence (°) 34–80 51.28±11.63

C7-SVA (°) 0–12 4.29±3.04

T9-SVA (°) 2–18 10.29±3.31

Sacral translation (SVA) (mm) 5–29 15.34±6.49

Pelvic tilt (°) 0–30 12.46±7.75

SD, standard deviation; TK, thoracic kyphosis; SVA, sagittal vertical axis; C7-
SVA, C7 sagittal offset; T9-SVA, T9 sagittal offset.

Table 2. Correlation of study variables according to age

Variable
Age (yr)

p-value
20–24 25–29 30–34 35–39 ≥40

TK (°) 34.56±7.09 34.65±8.74 35.94±12.27 30.67±6.91 43.83±2.79 0.066*

Max TK (TK–D1) (°) 43.27±7.11 44.31±12.57 45.39±13.16 39.78±8.83 56.67±5.05 0.027**

Lumbar lordosis (°) 44.1±11.99 47.15±9.63 41.67±13.44 34.89±14.74 43.83±8.95 0.109

L1–S1 (°) 56.95±10.37 58.92±7.45   53.5±10.23 50.78±14.33 58.67±3.33 0.163

L2–S1 (°) 54.51±7.48 56.04±5.14 50.94±8.23 51.22±11.17 55.5±5.24 0.158

L3–S1 (°) 48.76±6.97 49.96±4.69 45.83±7.17 47.78±8.93 48.00±6.32 0.370

L4–S1 (°) 39.68±6.59 40.15±4.27 35.72±6.42 39.89±7.08 38.5±6.69 0.151

L5–S1 (°) 23.51±6.09 24.15±9.57 20.72±6.52 23.56±5.73 23.67±6.8 0.615

Sacral slope (°) 40.49±8.11 41.46±4.62 37.11±10.07 36.44±11.44 38±2.37 0.257

Pelvic incidence (°) 52.88±12.61 52.81±10.8 49.11±12.11 46.11±9.37 48±8.65 0.398

C7-SVA (°)   4.88±3.52   4.08±2.65   4.00±2.91   3.00±2.55 4.00±1.79 0.486

T9-SVA (°) 11.32±3.52 10.38±3.36 10.56±3.29   9.22±2.82 12.00±1.67 0.367

Sacral translation (SVA) (mm) 15.98±7.88 15.23±5.98      16±5.19 13.67±3.77 12.00±4.65 0.605

Pelvic tilt (°) 13.44±9.23 12.27±7.42 12.67±6.24   9.44±3.68 10.5±7.09 0.666

Values are presented as mean±standard deviation.
TK, thoracic kyphosis; SVA, sagittal vertical axis; C7-SVA, C7 sagittal offset; T9-SVA, T9 sagittal offset.
*p<0.05. **p<0.01.
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were analyzed and their sagittal parameters of spine and 
pelvis were noted. Mean range of all the variables were 
studied along with their standard deviation (Table 1). 
Most of the subjects were males (59%), and females ac-
counted for 41% of the participants. Most of the subjects 
were between 20 and 30 years (67%) with average age of 
27.52±6.1381 years. The volunteers had a body mass index 
(BMI, kg/m2) of less than 25.0 kg/m2, and 19 volunteers 
had a BMI value of over 25.0 kg/m2. The average BMI was 
22.71±2.85 kg/m2.

There was significant increase in the MTK from T1–
T12 along with a suggestible significant increase in TK 
from T4–T12 with increasing age. Other than TK, no oth-
er parameters showed any correlation with age (Table 2). 
LL, SVA, and PT were significantly higher in females than 
in males. The other parameters such as SS, PI, C7-SVA, 
and T9-SVA were higher in females but the difference was 
not statistically significant (Table 3). Only MTK showed 
suggestible correlation with the age (Table 4). TK, MTK, 
LL, SS, and PI showed a significant correlation with BMI 
(Table 5). Table 6 shows Pearson correlation coefficient 
among the study variables.

A strong correlation was found between the LL and SS 

(r=0.701, p<0.001); LL and PI (r=0.695, p<0.001); SS and 
PI (r=0.738, p<0.001); PI and SVA (r=0.668, p<0.001); PI 
and PT (r=0.738, p<0.001); C7-SVA and T9-SVA (r=0.808, 
p<0.001); and SVA and PT (r=0.946, p<0.001).

Table 3. Correlation of study variables according to gender

Variable
Gender

p-value
Male Female

TK (°) 35.32±8.49 34.34±9.44 0.614

Max thoracic kyphosis (TK–D1) (°) 44.94±10.46 43.10±10.52 0.428

Lumbar lordosis (°) 42.7±12.81 45.83±9.77 0.241

L1–S1 (°) 54.93±10.42 59.97±7.75 0.021

L2–S1 (°) 53.11±7.98 56.28±5.65 0.055*

L3–S1 (°) 47.83±7.14 49.83±5.18 0.175

L4–S1 (°) 38.85±6.39 39.52±5.7 0.624

L5–S1 (°) 23.18±7.87 23.21±5.34 0.988

Sacral slope (°) 38.72±8.53 41.83±6.01 0.077

Pelvic incidence (°) 49.07±10.91 56.69±11.74 0.003

C7-SVA (°) 3.96±3.11 5.10±2.77 0.088

T9-SVA (°) 10.46±3.51 11.59±2.65 0.125

Sacral translation (SVA) (mm) 14.00±6.04 18.62±6.49 0.001

Pelvic tilt (°) 11.31±7.13 15.28±8.59 0.020

Values are presented as mean±standard deviation.
TK, thoracic kyphosis; SVA, sagittal vertical axis; C7-SVA, C7 sagittal offset; 
T9-SVA, T9 sagittal offset.
*p<0.05.

Table 4. Pearson correlation of study variables with age in years

Pair Pearson correlation (r) p-value

Age vs. TK 0.122 0.227

Age vs. max TK (TK–D1) 0.174 0.084*

Age vs. lumbar lordosis -0.108 0.285

Age vs. L1–S1 -0.088 0.382

Age vs. L2–S1 -0.088 0.386

Age vs. L3–S1 -0.073 0.468

Age vs. L4–S1 -0.108 0.287

Age vs. L5–S1 -0.047 0.640

Age vs. sacral slope -0.133 0.186

Age vs. pelvic incidence -0.139 0.169

Age vs. C7-SVA -0.158 0.116

Age vs. T9-SVA -0.084 0.408

Age vs. SVA -0.118 0.244

Age vs. pelvic tilt -0.103 0.306

TK, thoracic kyphosis; SVA, sagittal vertical axis; C7-SVA, C7 sagittal offset; 
T9-SVA, T9 sagittal offset.
*p<0.05.

Table 5. Pearson correlation of study variables with BMI (kg/m2)

Pair Pearson correlation (r) p-value

BMI (kg/m2) vs. TK 0.277 0.005

BMI (kg/m2) vs. max TK (TK–D1) 0.220 0.028

BMI (kg/m2) vs. lumbar lordosis -0.106 0.293

BMI (kg/m2) vs. L1–S1 -0.214 0.033

BMI (kg/m2) vs. L2–S1 -0.246 0.014

BMI (kg/m2) vs. L3–S1 -0.269 0.007

BMI (kg/m2) vs. L4–S1 -0.278 0.005

BMI (kg/m2) vs. L5–S1 -0.017 0.870

BMI (kg/m2) vs. sacral slope -0.293 0.003

BMI (kg/m2) vs. pelvic incidence -0.285 0.004

BMI (kg/m2) vs. C7-SVA -0.105 0.297

BMI (kg/m2) vs. T9-SVA -0.028 0.785

BMI (kg/m2) vs. sacral translation (SVA) -0.190 0.058*

BMI (kg/m2) vs. pelvic tilt -0.138 0.178

BMI, body mass index; TK, thoracic kyphosis; SVA, sagittal vertical axis; C7-
SVA, C7 sagittal offset; T9-SVA, T9 sagittal offset.
*p<0.05.
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When the study variables were compared with the val-
ues of the European population, TK, LL of L1–S1, L2–S1, 
L3–S1, L–S1, and SVA were found to be significantly less-
er in Indian population as compared to European popula-
tion (p<0.05) (Table 7). Moreover, we compared the spi-
nopelvic parameters of our cohort with other populations, 

and found that the differences were statistically significant 
[2-13] (Tables 8, 9).

Discussion

The human spine is a biomechanical masterpiece. It en-

Table 6. Pearson correlation among the study variables

Variable Category TK TK-D1 LL SS PI C7-SVA T9-SVA SVA PT

TK r -   0.771 0.266 -0.028 -0.043 -0.071 0.201 -0.025 0.014

p-value - <0.001 0.007 0.782 0.668 0.480 0.045 0.805 0.890

TK-D1 r - - 0.277 0.018 -0.036 -0.085 0.254 -0.038 0.021

p-value - - 0.005 0.860 0.722 0.402 0.011 0.710 0.832

LL r - - - 0.701 0.695 0.304 0.303 0.350 0.424

p-value - - - <0.001 <0.001 0.002 0.002 <0.001 <0.001

SS r - - - - 0.738 0.068 -0.018 0.180 0.231

p-value - - - - <0.001 0.503 0.862 0.073 0.021

PI r - - - - - 0.328 0.301 0.668 0.738

p-value - - - - - 0.001 0.002 <0.001 <0.001

C7-SVA r - - - - - - 0.808 0.513 0.472

p-value - - - - - - <0.001 <0.001 <0.001

T9-SVA r - - - - - - - 0.605 0.592

p-value - - - - - - - <0.001 <0.001

SVA r - - - - - - - - 0.946

p-value - - - - - - - - <0.001

TK, thoracic kyphosis; TK–D1, maximum TK; LL, lumbar lordosis; SS, sacral slope; PI, pelvic incidence; SVA, sagittal vertical axis; C7-SVA, C7 sagittal offset; T9-SVA, 
T9 sagittal offset.

Table 7. Correlation of Indian population with mean of control group

Variable Mean±SD of Indian population Mean of European population p-value

Thoracic kyphosis (°) 35.04±8.74 40.60 <0.001

Lumbar lordosis (°) 43.61±12.04 43.00 0.614

L1–S1 (°) 56.39±9.95 58.5 0.036

L2–S1 (°) 54.03±7.49 57.0 <0.001

L3–S1 (°) 48.41±6.67 50.2 0.009

L4–S1 (°) 39.04±6.17 40.0 0.113

L5–S1 (°) 23.19±7.20 23.3 0.879

Sacral slope (°) 39.62±7.98 41.2 0.051

Pelvic incidence (°) 51.28±11.63 54.7 0.004

T9-SVA (°) 10.29±3.31 10.35 0.187

Sacral translation (SVA) (mm) 15.34±6.49 10.35 <0.001

Pelvic tilt (°) 12.46±7.75 13.2 0.342

SD, standard deviation; SVA, sagittal vertical axis; T9-SVA, T9 sagittal offset.
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ables bipedalism through unique skeletal alterations and 
the “S-shape” spinal curvature. For example, the LL main-
tains the center of gravity over a narrow area between the 
feet, thus maximizing energy efficiency and minimizing 
the effect of gravity on joints, muscles, and ligaments. 
Longstanding investigations on spine evolution, func-
tions, and pathologies have renewed a desire to study the 
sagittal spinopelvic alignment. Focused research has con-
verted theoretical concepts into clinically relevant guide-
lines, further establishing the role of sagittal contour in 
the treatment of various spinal pathologies. Orientation of 
the spinal column and the resulting posture change with 
age, gender, and weight of an individual. The combination 
of angular orientation and translation of each vertebra 
with respect to the gravity line constitutes a global sagit-
tal alignment. Physiologically aligned spine is an essential 
component of the appearance and normal functioning of 
human body.

In some of the spinal disorders, spinal malalignment 
is observed only in the sagittal plane (i.e., Scheuermann’s 
kyphosis or spondylolisthesis), whereas other conditions 
such as idiopathic scoliosis, the alignment is altered in 
multiple planes. While addressing the spinal deformity, 
one should not only include the correction of the coronal 
and transverse plane deformities but also the restoration 
of normal sagittal contour, which is one of the important 
parameters with respect to global spinal balance. The 
interference of spinal mobility with fusion causes an in-
creased stress on adjacent discs. The inadequate restora-
tion of sagittal alignment is bound to increase stresses at 
the adjacent level, thereby leading to drop off at a higher 
level or disc degeneration at a lower level, implant failure, 
and a flat back. This phenomenon initially described as 
proximal junctional kyphosis was first described in 1999 
and was initially assumed to be radiographic change with 
limited functional relevance [14]. This sanguine assess-
ment was short lived; however, as subsequent reports doc-
ument a frequent need for revision surgery and the occur-
rence of catastrophic failures, it was termed as proximal 
junctional failure [15]. This observation further highlights 
the importance of the restoration of sagittal balance.

In view of these problems, the primary of aim of this 
study was to document the sagittal alignment of spinal 
column and pelvis in normal volunteers so that these val-
ues can be taken as the reference values for the restoration 
of normal sagittal alignment during spinal surgeries. This 
study also aimed to compare these values with the other 
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populations to document whether these is any difference 
between two populations with respect to ethnicity or race. 
As per our knowledge, this is the first study where these 
spinopelvic parameters of Indian population have been 
studied and this is the first study that has documented the 
racial differences between two population groups.

In studies involving both healthy adult volunteers and 
patients with spine pathologies, pelvic morphology has 
been shown to affect the standing lumbosacral lordosis 

and pelvic balance around the hips [16]. The parameters 
for sagittal spinopelvic alignment and balance appear 
complex and inter-related. A comprehensive evaluation of 
the sagittal profile must consider several factors, including 
individual pelvic morphology.

It is important to take radiographs in a standard man-
ner so that there can be uniformity and an easy compari-
son. According to Vedantam et al. [17], positioning the 
arms at 90° rather than at 30° resulted in a negative shift 

Table 9. Statistical analysis comparing present study with other races and ethnicities

Variable Present study (Indian) Mexico Caucasian Korean Japanese French Taiwanese Chinese

Age (yr) 27.52±6.13 (20–60) 46.5±9.6 (18–85) 27±3.6 (6–48) 38.71±12.72 44.6±10.3 36.8±14.2 (18–81) 28±7 (20–40)
52±5 (41–60)
69±6 (61–80)

38.6±8.97

p-value - <0.001 0.443 <0.001 <0.001 <0.001 <0.001 <0.001

TK (°) 35.04±8.74 - - 32±9.2 29.6±9.2 - 33±12 -

p-value - - - 0.023 <0.001 - 0.056 -

MTK (°) 44.41±10.46 - 47.5±4.8 - - - - 36.33±10.25

p-value - - 0.006 - - - - <0.001

LL (°) 43.61±12.04 60.17 42.7±5.4 49.6±9.6 55.4±11.2 - 45±15 47.81±10.65

p-value - <0.001 0.478 <0.001 <0.001 - 0.330 0.002

SS (°) 39.62±7.98   40.89±10.59 39.92±8.17 36.3±7.8 40.8±8.5 39.6±7.9 33±9 31.73±8.18

p-value - 0.246 0.770 0.005 0.285 0.981 <0.001 <0.001

PT (°) 12.46±7.75 15.78±8.39   11.9±6.46 11.5±5.3 11.5±7.6 13.0±6.8 15±9 15.99±7.98

p-value - <0.001 0.548 0.320 0.352 0.509 0.005 <0.001

PI (°) 51.28±11.63   56.68±13.37   51.91±10.71 47.8±9.3   52.3±11.1 52.6±10.4 49±12 47.78±10.87

p-value - <0.001 0.667 0.025 0.506 0.284 0.084 0.009

Values are presented as mean±SD (range) or mean±SD, unless otherwise stated. Bold letters represent statistical significance at 5% level and p-value is calculated (vs. 
present study for each race/ethnicity).
SD, standard deviation; TK, thoracic kyphosis; MTK, maximum TK; LL, lumbar lordosis; SS, sacral slope; PT, pelvic tilt; PI, pelvic incidence.

Table 10. Sagittal parameters among the different ethnic groups

Variable Present study Bhosale et al. [26] (2020) Singh et al. [27] (2018) Cho [28] (2017) Yukawa et al. [29] (2018) Vialle et al. [13] (2005) 

TK (°) 35.04 28.6±77 36.0

LL (°) 43.61    48.3±10.2 49.7

SS (°) 39.62 39.17  37.8±5.8 39.4  41±8.4

PI (°) 51.28 51.50 48.52  41.5±7.5 53.7    55±10.6

C7-SVA (°) 4.29

T9-SVA (°) 10.29 10.3±3.9

SVA translation (mm) 15.34 16.25±22.5

PT (°) 12.46 12.32   9.30   9.4±6.7 14.5 13±6

Values are presented as mean or mean±standard deviation, unless otherwise stated.
TK, thoracic kyphosis; LL, lumbar lordosis; SS, sacral slope; PI, pelvic incidence; SVA, sagittal vertical axis; C7-SVA, C7 sagittal offset; T9-SVA, T9 sagittal offset; PT, 
pelvic tilt.
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of the sagittal vertical axis in the patients undergoing spi-
nal fusion but it did not significantly alter the SVA in the 
normal individuals. This phenomenon may occur due to 
the compensatory adjustment by the mobile segments. 
According to Marks et al. [18], the shoulder flexion of 
45° is the best position to use when a lateral radiograph is 
taken. We took radiographs with arms flexed to 45° as it 
was believed to be the best position and to eliminate any 
bias of arm positioning while comparing with previous 
study of Vialle et al. [13], which also took the radiographs 
with the arms flexed forwards to 45°. Additionally, all the 
radiographs were supervised by the lead author for the 
purpose of standardization and elimination of bias.

Prost-Proctor and Bleck [19] and Vialle et al. [13] pre-
ferred measuring lordosis from the top of L1 to the bot-
tom of L5 and kyphosis from top of T4 to the bottom of 
T12 (T1 was not used because it was difficult to find the 
superior endplate of T1 in 50% of the radiographs). How-
ever, we did not face much difficulty in locating the supe-
rior endplate of T1. We did measure TK from both T4 (for 
the comparison) and T1 (true total kyphosis) and found 
TK (T4–T12) of 16°–52° and TK (T1–T12) of 20°–68°. LL 
was determined as 12°–66°. We also documented the LL 
of different segments and found that maximum LL exists 
between L2–S1 (24%) and L1–S1 (76%) and these find-
ings were similar to those of Vialle et al. [13].

The mean values of LL and SS were different for men 
and women in the studies conducted by Gelb et al. [20], 
Legaye et al. [21], and Korovessis et al. [22]. In contrast, 
LL and TK were independent of gender in the studies on 
50 adult volunteers by Jackson et al. [16]. In our study, we 
found that LL (L1–S1), SVA, and PT were significantly 
higher in females than in males. The other parameters 
such as SS, PI, C7-SVA, and T9-SVA were higher in fe-
males but the difference was not significant. This result 
shows that females have a relatively more negative balance 
than males. Prost-Proctor and Bleck [19] found that ky-
phosis in both genders tend to increase slightly with age, 
with the upper limit of normal in the elderly adults being 
as high as 56°. We also noted an increase in kyphosis with 
age, with upper limit being 52°.

The results of the correlation between all the parameters 
among themselves were consistent with the results as men-
tioned by Vialle et al. [13] and Vedantam et al. [17]. They 
found a strong correlation between LL and TK (r=0.9); 
LL and SS (r=0.86); LL and PI; and SS and PI (r=0.8). We 
also found a strong correlation between the LL and SS 

(r=0.701, p<0.001); LL and PI (r=0.695, p<0.001); SS and 
PI (r=0.738, p<0.001); PI and SVA (r=0.668, p<0.001); PI 
and PT (r=0.738, p<0.001); C7-SVA and T9-SVA (r=0.808, 
p<0.001); and SVA and PT (r=0.946, p<0.001).

We compared our study’s parameters with the studies 
conducted earlier on other population groups and eth-
nicities [2-13] (Tables 8, 9). Analysis of the table reveals 
differences in the values across different races and we 
recommend values specific to a particular population for 
comparison. We found TK, LL of L1–S1, L2–S1, L3–S1, 
L4–S1, and SVA were significantly lesser in Indian popu-
lation as compared to European population, as confirmed 
by the study of Vialle et al. [13]. The clinical correlation 
of this comparison is that Indian population can be more 
prone to low back pain (LBP) as indicated by their less LL. 
This concept is supported by the studies by various other 
authors [16,23,24]. There are multiple schools of thought 
regarding this hypothesis. Jackson and McManus [25] 
cautioned that drawing the conclusion that the loss of LL 
is directly correlated with LBP may be erroneous. It can 
also be noted that although there is a statistically signifi-
cant difference between these parameters, the differences 
remain quantitatively small. Our values for spinopelvic 
parameters of PI, PT, and SS are similar to that of previ-
ously published study in Indian population by Bhosale 
et al. [26], but differ from those conducted by Singh et 
al. [27]. Cho [28], in their study on sagittal alignment in 
Korean population, found statistically significant gender 
differences (p<0.05) for the parameters PI, PT, SVA, and 
spino-sacral angle [13,26-29] (Table 10). The authors at-
tributed this result to the relative pelvic retroversion be-
cause of the female reproductive system. This result cor-
relates with our study where LL, SVA, PT, and PI values 
were higher in females as compared to males. Addition-
ally, this result correlated with the study of Bhosale et al. 
[26] who also found a statistically significant difference in 
the PT and PI values between the genders. Singh et al. [27] 
also found higher PI values in females. Yukawa et al. [29], 
in the study on sagittal alignment in Japanese population, 
noticed a higher PI in women aged over 40 years as com-
pared to younger women and males.

Previous studies have focused only few of the sagittal pa-
rameters involving spine and pelvis; however, our study is the 
only one that has considered all the parameters comprehen-
sively [13,26-29]. Our study proves that the normal sagittal 
alignment varies across different races and ethnicities and one 
size does not fit all. Hence, spinopelvic parameters for surgi-
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cal planning may not be universal and should be based on 
individual race and ethnicity.

Although there are notable and characteristic changes 
in the sagittal alignment of the spine with aging, pelvic 
parameters show a minimal variability over the years, as 
described in recent publications [3,16,30]. Vialle et al. 
[13] also observed a weak statistical relationship between 
age and PI (r=0.14), which is not likely to be clinically 
significant. The SS and PT were not related to age [13]. 
Hammerberg and Wood [31] evaluated 50 asymptomatic 
subjects aged 70–85 years, and did not find any relation-
ship between increasing age and sacropelvic parameters of 
balance and morphology. Moreover, there was a tendency 
for PT and SS to increase and decrease with age, respec-
tively.

This observation suggests that not only does the growth 
of the pelvis in the sagittal plane between the femoral 
heads and the upper sacral endplate ceases during adult-
hood, but also that the normal degenerative changes to 
the hips, sacrum, and sacro-iliac joints do not signifi-
cantly affect the PI. In contrast, PT and SS increased and 
decreased slightly with aging, respectively, thereby indi-
cating an increased retroversion of the pelvis presumably 
to compensate for degenerative processes (bone and soft 
tissues) occurring in the spine that tend to decrease the 
LL and induce a positive spinal balance (forward displace-
ment of the spine) with increasing age, as observed in 
previous studies [20,31]. PI and SS observed in this popu-
lation seemed smaller in our study than in other studies 
describing white populations. This concept is important 
because different surgical correction strategies may be ap-
propriate in the patients of different ages.

We recognize the differences in the mean ages of the 
compared groups and that our patients were similar. 
However, we do not believe that this result explains the 
significant differences observed for the angular values of 
the different groups. Our study reveals differences in the 
values for pelvic parameters that may be attributable to 
ethnicity. Regardless of the cause of the differences, our 
study’s data serve as a reference for clinical practice in our 
environment.

To our knowledge, this is the first report that specifi-
cally describes the normal value of sagittal spinal and 
pelvic parameters in Indian population comparing with 
other ethnicities. Through this study, a cross-sectional 
database depicting the sagittal spinal alignment in asymp-
tomatic adults was established, which can be referred to as 

a comparison for patients with spinal pathologies. More-
over, this study demonstrated that sagittal spinopelvic 
alignment in a standardized standing position was highly 
variable and significantly affected by ethnicity. This result 
reminds the surgeon of the necessity to differentiate the 
patients according to their age and ethnicity while con-
sidering whether their spinal alignments are in a normal 
range. The values obtained in our study should be useful 
in establishing goals (surgical or treatment) and planning 
an optimal therapeutic course for Indian population.

There are few limitations in our study. First, our study 
includes a single tertiary care center results extrapolated 
to a pan-India population. Second, being an observational 
study, the clinical implications of the study will be un-
derstood only after these baseline values are used in the 
surgical cases considering Indian population. The third 
limitation lies in the cross-sectional nature of the analysis 
for the effect of age on spinopelvic parameters. A longitu-
dinal study should be preferable to clarify the relationship 
between the age and variations of spinopelvic parameters.

Conclusions

This study provides the baseline values of the sagittal 
alignment of thoracic, lumbar, and sacral vertebrae in 
asymptomatic individuals. These findings provide useful 
data for spine surgeons to measure the surgical correc-
tions and fusions in thoracic, lumbar, and lumbo-sacral 
areas.
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