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Background: Several attempts  (radiographic and nonradiographic) have been 
made to measure the lumbar lordosis  (LL), but the results differ substantially as 
investigators have used different parameters. Radiography is the gold standard, and 
the methods include lumbosacral angle  (LSA), lumbosacral joint angle  (LSJA), 
Cobb angle, and tangential radiologic assessment of LL  (TRALL) angle. The 
traditional method, the Cobb technique, has a wide range of normal mean values, 
with a large standard deviation. Using a more reliable radiographic angle will 
hopefully simply and standardize LL measurement in the diagnosis, treatment, 
and follow‑up of patients. Aim: To compare in normal individuals with fully 
developed LL the LSA, LSJA, TRALL, and Cobb angles, by determining  (a) 
if any correlation exists between them and  (b) the most reliable measures of 
LL, based on, least  (i) number of measurement lines,  (ii) range of values,  (iii) 
mean,  (iv) standard deviation, and  (v) variance. Materials and Methods: The 
four angles were retrospectively measured in each supine lateral lumbosacral 
radiograph of 100  males and 100  females, aged 15  years and above. Data were 
analyzed with IBM SPSS Statistics 23.0  (NY, USA); P  <  0.05 was considered 
statistically significant. Results: No correlation existed between the mean values 
of the four angles, and in each angle, there was no male‑versus‑female correlation. 
LSJA had the best reliability criteria for LL measurement. Conclusion: The mean 
LSA, LSJA, TRALL, and Cobb angles have no significant Pearson’s correlation, 
and of the four angular measures of LL, LSJA was the most reliable.

Keywords: Comparison, correlation, lumbar lordosis, methods, radiography, 
reliability

Comparison of Four Radiographic Angular Measures of Lumbar 
Lordosis
Francis Osita Okpala

Access this article online
Quick Response Code:

Website: 
www.ruralneuropractice.com

DOI: 
10.4103/jnrp.jnrp_508_17

Address for correspondence: Dr. Francis Osita Okpala, 
Department of Radiology, Federal Teaching Hospital Abakaliki, 

PMB 102, Abakaliki, Ebonyi State, Nigeria.  
E‑mail: frankokp@yahoo.com

most patients might have mild and transient symptoms 
that decline within 6 weeks,[4] about 15%–45% will have 
chronic symptoms that persist beyond 3 months.[5] For this 
latter group, the impact on quality of life and economic 
implications is extensive.[6] The LL may be altered by 
congenital disabilities, trauma, and degenerative and 
inflammatory disorders; therefore, reliable measurements 
of this curve have relevance to the diagnosis and 
continuing care of patients with these disorders.[7]

Original Article

Introduction

Lumbar lordosis  (LL) is the curvature assumed by 
intact lumbar spine to compensate for the inclination 

of the sacrum, restore an upward spinal orientation, and 
consequently avoid a forward inclination.[1] It is anteriorly 
convex in the mid‑sagittal plane.[2] This curve gives the 
lumbar spine certain resilience and helps protect it from 
compressive forces. If the spine were straight, compressive 
forces would be transferred through the vertebral bodies 
to the intervertebral discs  (IVDs, the shock absorbers of 
the spine) alone. In the curved lumbar spine, some of the 
compressive force is taken by the anterior longitudinal 
ligaments.[3] The alteration of LL may cause low back 
pain (LBP) and disabilities, especially in adults. Although 
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Various attempts have been made to measure the LL; 
however, as investigators have used different parameters, 
the results differ substantially. Radiography is one 
such method, and a supine lateral lumbosacral spine 
radiograph accurately measures LL, and this radiographic 
method remains the gold standard.[8‑10] Some of the 
radiographic angular measures of LL include lumbosacral 
angle  (LSA),[11,12] lumbosacral joint angle  (LSJA),[3,13] 
Cobb angle,[14] and tangential radiologic assessment of 
LL  (TRALL) angle.[7] Other nonradiographic methods 
that have been used to quantify the LL include 
goniometry,[15] flexible rulers,[16] software method,[17] 
spinal mouse,[18] spinal pantograph,[19] inclinometer,[20] 
and magnetic resonance imaging (MRI).[21]

In the radiographic LL measurement, the traditional 
method is the Cobb method, which is effective for 
scoliosis, however, which may provide less reliable 
information for vertebral column changes measured in the 
sagittal plane.[14] Previous studies of LL in healthy adults 
and children with the Cobb method have demonstrated 
a wide range of normal mean LL values with a large 
standard deviation.[7,8,14,22‑28] Furthermore, in children 
under 16 years of age, the Cobb angle showed the most 
variability when compared to TRALL angle, on the one 
hand,[7] and TRALL and LSA, on the other hand.[29]

A reliable radiographic angular measure of LL should 
not only be easy to measure but should also have a 
small range of values, small standard deviation, and 
small variance, when compared to the other radiographic 
methods. Previous studies have tended to compare Cobb 
angular measure with usually one and rarely two other 
angles.

The aim of this study was to compare, in normal 
individuals with fully developed LL, the Cobb angle (the 
traditional angular measure of LL) with LSA, LSJA, and 
TRALL angle, which are three other angular measures of 
LL, and determine which is most reliable based on ease 
of measurement  (i.e., no of measurement lines), least 
range of values, least mean, least standard deviation, 
and least variance. Using the most reliable angle will 
hopefully simply and standardize LL measurement in 
the diagnosis, treatment, and follow‑up of patients.

Materials and Methods
In this retrospective study of archival radiographs, 
the patients were merged for number  (100  males 
and 100  females), sex  (male and female), and 
age (16–72 years). In each radiograph, four radiographic 
angular measures of LL were measured; the angles 
were Cobb, LSA, LSJA, and TRALL. The radiographs 
were from the archives of a tertiary health institution in 
southeastern part of Nigeria, from 2000 to 2002. The 

study center normally does its lumbosacral radiographs 
in the lateral recumbent posture using standard 
radiographic imaging technique  (for patient positioning 
and exposure).

The inclusion criteria were  (a) age ≥15  years; this is to 
ensure that virtually all studied individuals have attained 
full LL development which occurs at spinal maturity;[30] 
and  (b) normal radiographs with no associated vertebral 
pathology  [Figure  1]. The exclusion criteria included 
patients  <15  years of age or whose age and/or sex 
were not documented in the request form, radiographs 
that were of poor quality and/or showing any vertebral 
pathology.

A retrospective approach was used in this study to avoid 
the ethical issue of patient’s irradiation, even though a 
prospective method using normal subjects would have 
been ideal. Even if some of the studied radiographs 
were those of patients who presented with back 
complaints, low back pain without any radiographically 
demonstrable vertebral pathology has been reported 
not to significantly affect the degree of normal LL.[31,32] 
Supine lateral films were studied because a supine 
lateral lumbosacral film accurately measures LL, and 
this radiographic method remains the gold standard.[8‑10] 
Although erect radiographs would have been preferable 
due to some concern about posture and its possible 
effect on spine curvature, LL has been reported to be 
insignificantly different in the recumbent and upright 
positions;[33,34] in healthy individuals, the tone of the 
spinal muscles was thought to be sufficient to prevent 
such an increase in the upright position.[7] Demographic 
data and clinical information were retrieved from the 
filled out request forms, usually left in the film jackets. 
The author reviewed each individual’s radiograph and 
measured the LL angle by  (a) mounting the radiograph 
on a viewing screen with good illumination, (b) drawing 

Figure 1: Normal lateral lumbosacral spine radiograph
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measurement lines  (using appropriate landmarks) with 
a 30‑cm long transparent ruler and pencil, and  (c) 
measuring the angles in degrees with a protractor.

Cobb angle was between perpendiculars from the 
superior endplate of L1 and the superior endplate of 
S1  [Figure  2a].[14] The LSA was between a horizontal 
line and a line through the plane of the superior 
margin of S1  [Figure  2b].[11,12] The LSJA was between 
a line through the inferior endplate of L5 and another 
through the superior endplate of S1  [Figure  2c].[3,14] The 
TRALL angle was measured as described by Chernukha 
et  al.  [Figure  2d].[7] Along the posterior vertebral 
bodies:  (a) arc line  (curved line from the superior end 
plate of L1 to the inferior end plate of S2) was drawn; (b) 
chord line  (line connecting the superior end plate of L1 
and the inferior end plate of S2) was drawn, and the 
greatest perpendicular distance between the arc line and 
the chord line was determined; and  (c) from the point 
where the greatest perpendicular distance is touching the 
arc line, two lines were drawn, one to L1  (upper part of 
chord line) and the other to S2 (lower part of chord line); 
the intersection of these two lines is the TRALL angle.

Data were analyzed with IBM SPSS Statistics 23.0 (NY, 
USA); P <  0.05 was considered statistically significant. 
Some of the statistical methods employed included range 
of values, mean and standard deviation, variance, test of 
significance, and Pearson’s correlation analysis.

Results
The age range of 200 individuals  (100  males and 
100  females) studied was 16–72  years; mean  (standard 
deviation) was 34.8  (11.6) years and showed 
no significant gender difference  (t = −1.113; 
P = 0.268) [Table 1].

The mean  (standard deviation) of the Cobb angle 
was 49.9°  (12.8°); the male was 47.4°  (10.7°) and 
the female 52.4°  (14.2°). The gender difference was 
significant (t = −2.868, P = 0.005). The LSA, TRALL, and 
LSJA were 44.2°  (10.0°), 38.8°  (8.3°), and 18.8°  (5.7°), 
respectively, and there was no significant gender 
difference in each angle  [Table 2]. The four mean values 
compared favorably, though with some slight differences, 
with some corresponding literature values [Table 3].[3,7,35]

The mean of each angle showed no male‑versus‑female 
Pearson’s correlation  [Table  4] and all four angles 
showed no Pearson’s correlation between their mean 
values [Table 5].

The assessment of reliability criteria for the four LL 
angles showed that the LSJA  (apart from having the 
same least number of measurement lines with the LSA) 
had the least of each of the other four reliability criteria 
and was therefore the most reliable angular measure of 
LL [Table 6].

Discussion
All the four LL mean angles obtained in this study 
compared favorably, though with some slight differences, 
with some literature values [Table 3].[3,7,35] This indicates 
that the values obtained in this study were most likely 
reliable. The four studied angles can therefore be more 
confidently compared to each other using the reliability 
criteria itemized in this study.

The reliability criteria for measuring the four LL angles 
showed that the LSJA (apart from having the same least 
number of measurement lines with the LSA) had the 
least of each of the other four reliability criteria  (used 
in this study) and was therefore the most reliable 
angular measure of LL  [Table  6]. It is therefore being 
recommended as a simple and standard radiographic 
angular measure of LL in the diagnosis, treatment, and 
follow‑up of patients. Furthermore, the mean values of 
all the four studied angles  (Cobb, LSA, TRALL, and 
LSJA) showed no Pearson’s correlation  [Table  5]; this 

Figure  2: Lumbosacral angle, lumbosacral joint angle, Cobb, and 
tangential radiologic assessment of lumbar lordosis angles measurement 
lines in a normal lateral lumbosacral spine radiograph
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implies that none of the four angles can be estimated 
from the measurement of another; each one intended 
for use must be measured. In other words, there is no 
way of converting the LL values of any of the angles to 
any of the others. There was also no male‑versus‑female 
correlation of the mean values in each of the four angles 
studied [Table 4].

Several investigators have shown that 50%–75% of the 
total LL between L1 and S1 was located at the bottom two 
motion segments made up of the IVD of L4/5, vertebral 
body of L5, and IVD of L5/S1 (lumbosacral transition).[36‑39] 
The lumbosacral transition is normally at the level of L5/S1 
and the IVD at this level is wedge shaped, with its anterior 
vertical height greater than the posterior.[30,40] The LSJA is 

Table 1: Age variation by gender, and t‑tests between genders
Variable n Minimum Maximum Range Mean SD Variance t‑test: Paired mean differences (male - female)
Age (years)
Male 100 16 72 56 33.95 10.6 112.4 t=−1.113
Female 100 16 69 53 35.68 12.5 157.3 P=0.268
Total 200 16 72 56 34.82 11.6 134.9 P>0.05

SD: Standard deviation

Table 2: Lumbar lordotic angles variation by gender, and t‑tests between genders
Variable n Minimum Maximum Range Mean SD Variance t‑test: Paired mean differences 

(male - female)
Lordotic angles (°)
Cobb
Male 100 26 70 44 47.42 10.7 114.8 t=−2.868
Female 100 20 81 61 52.37 14.2 200.2 P=0.005
Total 200 20 81 61 49.9 12.8 162.9 P<0.05

LSA
Male 100 20 67 47 43.10 9.0 81.3 t=−1.570
Female 100 18 71 53 45.23 10.9 118.1 P=0.120
Total 200 18 71 53 44.17 10.0 100.3 P>0.05

TRALL
Male 100 18 61 43 37.78 8.0 63.3 t=−1.745
Female 100 20 62 42 39.82 8.5 71.5 P=0.084
Total 200 18 62 44 38.80 8.3 68.1 P>0.05

LSJA
Male 100 5 39 34 18.69 5.7 32.7 t=−0.134
Female 100 5 37 32 18.80 5.7 32.9 P=0.894
Total 200 5 39 34 18.75 5.7 32.7 P>0.05

LSA: Lumbosacral angle, TRALL: Tangential radiologic assessment of lumbar lordosis, LSJA: Lumbosacral joint angle, SD: Standard deviation

Table 3: T‑test of current mean lumbar lordotic angles with some corresponding literature values
Lumbar 
lordotic angle

Literature report Current study One‑sample test: Literature versus 
corresponding current lumbar lordotic 

angle
Author (year)
Study: Place/type/posture

Mean (°) Mean (°) Mean difference (°) t P

Cobb Chernukha et al., 1998
USA/cross‑sectional/supine

51.9 49.9 −2.0 −2.211 0.028

LSA Hellems and Keats, 1971
USA/retrospective study of 319 males/erect

41.1 43.1 (male mean) 2.0 2.219 0.03

TRALL Chernukha et al., 1998
USA/cross‑sectional/supine

47.3 38.8 8.5 −14.594 0.001

LSJA Schmorl and Junghanns, 1971
USA/type and posture not stated

16.0 18.8 2.8 6.794 0.001

USA: United States of America, LSA: Lumbosacral angle, TRALL: Tangential radiologic assessment of lumbar lordosis, LSJA: Lumbosacral 
joint angle
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also largely account for this. Out of the five TRALL 
measurement lines, 4  (80%) passed within this 
region; the fifth line was further away. The LSA had 
1  (50%) out of 2, and Cobb angle had 2  (50%) out 
of four measurement lines passing within this region. 
However, in the LSA, while the measurement line 
that did not pass within this region is fixed  (does not 
move), those of the Cobb angle are mobile, and this 
might possibly explain why even though the LSA 
and Cobb angle have 50% of their measurement lines 
passing within this region, the Cobb angle was more 
variable than the LSA.

In this study, the fact that the LSJA, in comparison 
to the LSA, TRALL, and Cobb angles, had the least 
range of values, least mean, least standard deviation, 
and least variance, suggests that the range of LL is 
indeed not as wide as it had been reported for long by 
many investigators.[8,23‑25,38,41,42] It seems that it is the 
technique of quantifying the LL that is responsible for 
the reported wide variability of the LL range of values 
by many authors. A prospective or retrospective study 
of lateral lumbosacral spine magnetic resonance 
images is being suggested as further study; this has 
no ethical issue of patients’ exposure to ionizing 
radiation.

The possible limitation of this study is that it is not a 
prospective (standardized) study, but a retrospective 
(nonstandardized) study. This pitfall was reduced 
by merging the patients for number  (100  males and 
100 females), sex (male and female), age (16–72 years), 
and measuring all the four studied angles in each 
radiograph. However, in the study of LL in normal 
individuals, the retrospective approach has been 
reported to be a credible alternative to the prospective 
method.[8,34] It is noteworthy that in the radiographic 
imaging of lateral lumbosacral spine, there is global 
standard positioning for erect posture, on the one hand, 
and recumbent posture, on the other hand, irrespective of 
whether it is a prospective or retrospective study. Even if 
some of the studied radiographs were taken in the erect 
posture  (though the study center routinely takes their 
lateral lumbar radiographs in the supine position), their 
small number would have rendered them statistically 
insignificant. Furthermore, some authors have shown 
that the LL is not significantly different in the erect and 
recumbent positions.[33,34] In healthy individuals, the tone 
of the spinal muscles was thought to be sufficient to 
prevent such an increase in the upright position.[7]

Conclusion
In normal patients, there is no significant Pearson’s 
correlation between the mean LSA, LSJA, TRALL and 

the angle between a line through the inferior endplate of 
L5, and another through the superior endplate of S1;[3,13]   
its two measurement lines are therefore completely (i.e. 
100%) located within the L5/S1 IVD space. This might 
largely account for why it was the most reliable angular 
measure of LL in comparison to LSA, Cobb and TRALL 
angles which have some of their measurement lines outside 
the bottom two motion segments (of the total LL between 
L1 and S1) made up of L5 body and its adjacent L4/5 and 
L5/S1 IVDs [Table 6].

After the LSJA, the next most reliable angular 
measures of LL were TRALL angle, followed by 
LSA; the Cobb angle was the least  [Table  6]. The 
location of the measurement lines within or outside 
the lumbosacral curve region comprising the L5 
body and its adjacent IVDs  (L4/5 and L5/S1) might 

Table 5: Totals mean lumbar lordotic angles correlations 
(i.e., bivariate correlation analysis with two‑tailed test of 

significance)
Totals mean lumbar 
lordotic angles

Cobb LSA TRALL LSJA

Cobb
Pearson’s correlation 1 −0.073 0.100 −0.048
Significance (two‑tailed) 0.303 0.158 0.499
n 200 200 200 200

LSA
Pearson’s correlation −0.073 1 −0.029 −0.023
Significance (two‑tailed) 0.303 0.683 0.741
n 200 200 200 200

TRALL
Pearson’s correlation 0.100 −0.029 1 0.126
Significance (two‑tailed) 0.158 0.683 0.074
n 200 200 200 200

LSJA
Pearson’s correlation −0.048 −0.023 0.126 1
Significance (two‑tailed) 0.499 0.741 0.074
n 200 200 200 200

LSA: Lumbosacral angle, TRALL: Tangential radiologic 
assessment of lumbar lordosis, LSJA: Lumbosacral joint angle

Table 4: Paired samples correlations of the 
male‑versus‑female lumbar lordotic angles

Paired 
samples

Lumbar lordotic 
angles

n Correlation Significance

Pair 1 Male Cobb and 
female Cobb

100 0.056 0.579

Pair 2 Male LSA and 
female LSA

100 0.079 0.437

Pair 3 Male TRALL and 
female TRALL

100 −0.015 0.886

Pair 4 Male LSJA and 
female LSJA

100 −0.032 0.751

LSA: Lumbosacral angle, TRALL: Tangential radiologic 
assessment of lumbar lordosis, LSJA: Lumbosacral joint angle
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Cobb LL angles, and of the four angles, LSJA is the 
most reliable angular measure of LL, followed by the 
TRALL angle, and then, the LSA; the Cobb angle was 
the least.
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