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Abstract
Purpose  The aim of this study; evaluate lumbar lordosis (LL) in symptomatic individuals with six different techniques and 
to examine the techniques comparatively. Thus, to provide an overview of lumbal lordosis and techniques.
Methods  Cobb L1-L5, Cobb L1-S1, Posterior Tangent, tangential radiologic assessment of lumbar lordosis (TRALL), ver-
tebral centroid measurement of lumbar lordosis (CLL) and Risser Ferguson measurement techniques were used to assess LL 
from radiographs of 175 symptomatic adults. Correlations between techniques and relationship between the measurements 
obtained, gender and age were analyzed. Also ınterclass correlation (ICC) analyzed. Bland–Altman plots were performed 
to compare the techniques with Cobb.
Results  ICC for all methods were greater than 0.96. For each method, no difference in LL was observed with respect to gen-
der or age (p > 0.05). High positive correlation was observed between the Risser Ferguson, Posterior Tangent, Cobb L1-L5, 
Cobb L1-S1 and CLL techniques (p < 0.001), and moderate positive correlation between TRALL and all other techniques 
(p < 0.001).
Conclusion  In this study, it was found that the mean lumbar lordosis values of symptomatic participants were lower than 
most of the other asymptomatic studies in the literature and there was no significant difference in lumbar lordosis values in 
terms of gender and age in symptomatic individuals. Based on statistical findings, Risser Ferguson can be used to assess LL. 
These results and the data obtained as a result of the comparative examination of techniques according to age groups and 
gender will benefit clinicians and those working in the field by providing a better understanding LL.
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Introduction

The vertebral column has a number of important functions: 
It supports the trunk, permits movement to the body, carries 
and transfers load from one region to another, and helps 
protect internal organs and the spinal cord [1, 2]. It has a 
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number of curvatures, one of which is associated with the 
lumbar region (lumbar lordosis) [3]. Lumbar lordosis was 
first described by Galen, with its original definition still 
being used today: It begins in the late fetal period, then rap-
idly develops, particularly as the adult pattern of walking is 
achieved [4]. An optimal lumbar lordosis is essential for the 
health of the vertebral column and individual, with studies 
showing a relationship between lumbar lordosis and func-
tional disorders and other conditions associated with the ver-
tebral column: [5–7] the extent of lumbar lordosis has been 
used in the diagnosis of some pathologies [8]. In abnormal 
lumbar lordosis, the risk of disc and vertebral degeneration, 
lumbar disc herniation and spondylosis increases [9]. Lum-
bar lordosis is also an important factor for gait kinematics, 
having been shown to develop more quickly in monkeys 
accustomed to walking than in those that did not walk [4, 
10]. The lumbar region is the most susceptible part of the 
vertebral column to degeneration, as it is exposed to greater 
stresses than other regions, particularly the lumbosacral 
junction: This is why pathologies originating from the lum-
bar region are commonly observed [11].

Previous researches on the sagittal balance of the spine 
have shown both the functional and clinical significance 
of the degree of lumbar lordosis [12–14]. Lumbar lordo-
sis should be taken into account in surgical approaches 
and therapeutic exercise applications involving the lumbar 
region, being used by clinicians as an important factor in 
the sagittal alignment of the vertebral column. Consider-
ing that pathologies caused by lumbar lordosis due to inac-
tivity, obesity and occupational factors have increased in 
recent years, the anatomy of the lumbar region, especially 
lumbar lordosis, requires further investigation to improve 
the understanding of the region. In the current study, the 
five most common measurement techniques reported in the 
literature and the Risser Ferguson method, which evaluates 
coronal spinal curvatures, were used to determine and assess 
lumbar lordosis [15]. Due to its effect on spinal function 
and mechanics, correct evaluation of the degree of lumbar 
lordosis is very important for clinicians. Lumbar lordosis 
was analyzed in individuals with different professions, ages 
and spinal pathologies. [12, 16–19]. In this paper, sympto-
matic individuals with lower back complaints were assessed. 
The aim of this study; assess the lumbar lordosis values of 
175 symptomatic individuals and to examine six techniques 
comparatively.

Material and methods

Permission to conduct the study was obtained from Çuku-
rova University Non-Interventional Ethical Research Coun-
cil and Niğde Ömer Halisdemir Training and Research 
Hospital. Lateral radiographs of 175 (100 female, 75 male) 

symptomatic individuals with pathology of the lumbar 
region were examined, from which measurements of lumbar 
lordosis using six different techniques were obtained: The 
radiographs were taken during 2020–2021.

Inclusion criteria for the study were:

(1)	 Individuals had to be between the ages of 18 and 65
(2)	 Radiographs had to have been taken with the individual 

standing
(3)	 Radiographs had to show clearly the sacral and lumbar 

vertebrae
(4)	 No surgical operation in the lumbar region

Cobb L1-S1, Cobb L1-L5, Vertebral Centroid Measure-
ment of Lumbar Lordosis (CLL), Tangential Radiologic 
Assessment of Lumbar Lordosis (TRALL), Risser Ferguson 
and Posterior Tangent angles were determined from each 
radiograph.

The ages of the individuals included in the study were 
grouped as follows: young adults (18–30 years); middle 
aged adults (31–45 years); and older adults (46–65 years). 
Each radiograph was analyzed using the KarMED PACS 
VIEWER (Picture Archiving and Communications System/
Turkey) program, which allowed reliable data to be obtained.

(1)	 Cobb L1-S1 method

The angle between a line drawn parallel to the upper edge 
of L1 and a line drawn parallel to the upper edge of S1 was 
measured (angle ‘y’ in Fig. 1).

Fig. 1   Determination of: Cobb L1-S1 angle (y). and the Risser Fergu-
son angle (x)
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(2)	 Risser Ferguson method

The angle between a line drawn from the center of L1 to 
the center of L3 and a line drawn from the center of L5 to the 
center of L3 was measured (angle ‘x’ in Fig. 1).

(3)	 Vertebral centroid measurement of lumbar lordosis 
(CLL) method

The angle between the line drawn from the center of L1 
to the center of L2 and the line drawn from the center of L5 
to the center of L4 was measured (angle ‘z’ in Fig. 2).

(4)	 Cobb L1-L5 method

The angle between a line drawn parallel to the upper edge 
of L1 and a line drawn parallel to the lower edge of L5 was 
measured (angle ‘t’ in Fig. 2).

(5)	 Posterior tangent method

The angle between a line drawn parallel to the posterior 
edge of L1 and a line drawn parallel to the posterior edge of 
L5 was measured (angle ‘p’ in Fig. 2).

(6)	 Tangential Radiologic Assessment of Lumbar Lordosis 
(TRALL) method

A line is drawn between the posterior superior corners of 
L1 and S2. The projection of the posterior longitudinal liga-
ment (PLL) was determined, then a perpendicular line was 
drawn from the PLL to the furthest point on the straight line. 

Straight lines were then drawn to this intersection point from 
the superior corner of S2 and the superior corner of L1: The 
angle between the lines was measured (angle ‘r’ in Fig. 3).

Statistical analysis

The data obtained were analyzed using the Statistical 
Package for Social Sciences for Windows 21 (SPSS 21 
inc) program. In the analysis, the mean, standard devia-
tion (SD), minimum (min), and maximum (max) were 
obtained. Normality analysis was performed to check that 
the data were normally distributed. Data having a normal 
distribution were analyzed using parametric tests, while 
data not normally distributed were analyzed using non-
parametric tests. The results were evaluated at the level of 
significance p < 0.05, with a confidence interval of 95%.

Frequency measurements were calculated for categori-
cal variables. The minimum, maximum, mean and stand-
ard deviation were determined for each measurement. The 
relationship between measurements obtained with each of 
the six techniques was analyzed using the Pearson cor-
relation test. The t test for the differences between meas-
urements were used according to the 2-group variables: 
Differences between 3 or more groups were analyzed using 
ANOVA. If a difference was observed in the ANOVA 
test, the pairwise difference was analyzed with the Tukey 
test. The relationship between categorical variables was 
analyzed using the Chi-square test. Simple linear regres-
sion analyzes were conducted to determine relationships 
between measurement techniques. Interclass correlation 
(ICC) analyses was assessed using Cronbach’s Alpha. 
Bland–Altman plot was performed to assess the harmony 

Fig. 2   Determination of: Cobb 
L1-L5 angle (t); Posterior Tan-
gent angle (p); CLL angle (z)
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of the techniques with the Cobb techniques (Figs. 4 and 5). 
For each analysis 20 images were randomly selected from 

the study dataset, with each of the different measurement 
methods undertaken independently by three examiners.

Results

The ICC showed acceptable reliability for each of the tech-
niques used in the study. The mean measurements for each 
observer and the difference between the means were deter-
mined. The interclass correlation coefficient for each meas-
urement method was greater than 0.96 (Table 1).

The mean, maximum and minimum values and stand-
ard deviation for each measurement method are shown in 
Table 2, together with the results of the normality tests con-
ducted on each data set. It can be seen that there is a wide 
variation in the value of lumbar lordosis obtained for each 
technique: Not surprisingly Cobb L1-S1 has the greatest 
value (73.5°) due to the inclusion of S1 in the measure-
ment, and Risser Ferguson has the smallest value (38.5°). 
The correlations between the various techniques are shown 
in Table 2: A significance level of p < 0.05 was set as being 
an acceptable correlation between techniques. As can be 
seen in Table 3, techniques other than TRALL have strong 
positive correlation with each other.

When the mean lumbar lordosis for each measurement 
method was analyzed with respect to age, no differences 

Fig. 3   Determination of TRALL angle (r)

Fig. 4   Bland–Altman plot of the Cobb L1-L5 with other techniques
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was observed between age groups for any of the methods 
(p > 0.05): The values obtained using different methods 
showed wide variation (Table 4).

When analyzed with respect to gender no differ-
ence (p < 0.05) was observed between males and females 
(Table 5): Again the values varied between techniques.

Fig. 5   Bland–Altman plot of the Cobb L1-S1 methods with other techniques

Table 1   Interclass correlations 
for each technique based 
on the measurement of 20 
randomly selected radiographs 
of the lumbar spine by three 
independent examiners

Methods Mean (°) SD. (°) Interclass corre-
lation coefficient

Interclass 95%
Confidence ınterval

Mean differences 
between examin-
ers (°)

Cobb L1-L5 32.3 13.4 0.98 0.96–0.99  < 1
Cobb L1-S1 49.4 14.0 0.98 0.96–0.99  < 1.5
Posterior Tanjant 30.7 12.1 0.98 0.96–0.99  < 2.1
CLL 26.1 11.7 0.99 0.98–0.99  < 1
TRALL 33.5 11.8 0.96 0.91–0.98  < 2.4
Risser Ferguson 16.8 10.4 0.99 0.98–0.99  < 1

Table 2   Minimum, maximum, 
mean and standard deviation 
(SD) of lumbar lordosis, 
together with the results of 
the normality test for each 
measurement method

Methods N Minimum (°) Maximum (°) Mean (°) SD
(°)

Skewness Kurtosis

Posterior Tangent 175 5.2 65.2 33.2 11.3 0.355 − 0.026
Risser Ferguson 175 0.8 38.5 16.1 7.2 0.443 0.177
Cobb L1-S1 175 17.8 73.5 51.1 11.8 − 0.177 − 0.319
Cobb L1-L5 175 11.4 65.7 38.1 11.1 0.006 − 0.195
CLL 175 2.9 49.4 25.0 9.5 0.316 − 0.236
TRALL 175 12.1 64.0 37.2 9.1 0.198 0.155
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Table 3   Correlation coefficients 
between the mean values of 
lumbar lordosis for each pair of 
measurement methods

** significantly different at p < 0.001

Methods Posterior 
Tanjant

Risser Ferguson Cobb L1-S1 Cobb L1-L5 CLL TRALL

Posterior Tangent r 1 0.843** 0.775** 0.834** 0.876** 0.541**

Risser Ferguson r 1 0.711** 0.775** 0.900** 0.460**

Cobb L1-S1 r 1 0.846** 0.768** 0.618**

Cobb L1-L5 r 1 0.854** 0.624**

CLL r 1 0.501**

TRALL r 1

Table 4   Mean and standard 
deviation (SD), together with 
the F statistic and p value, 
for each age group for each 
measurement method

Method Age Group N Mean (°) SD (°) F p

Posterior Tangent 18–30 35 35.7 13.6 1.141 0.322
31–45 57 32.1 11.8
46–65 83 33.0 9.9

Risser Ferguson 18–30 35 18.34 8.6 2.080 0.128
31–45 57 15.52 7.4
46–65 83 15.62 6.3

Cobb L1-S1 18–30 35 49.8 12.7 0.514 0.599
31–45 57 50.6 13.1
46–65 83 52.0 10.4

Cobb L1-L5 18–30 35 39.9 11.7 0.912 0.404
31–45 57 36.7 11.0
46–65 83 38.32 10.8

CLL 18–30 35 28.0 10.8 2.242 0.109
31–45 57 24.0 10.2
46–65 83 24.4 8.1

TRALL 18–30 35 37.2 9.6 1.612 0.202
31–45 57 35.6 9.6
46–65 83 38.4 8.5

Table 5   Mean and standard 
deviation (SD), together with 
the T statistic and p value, for 
males and females for each 
measurement method

Method Gender N Mean (°) S|D (°) T P

Posterior Tangent Male 75 33.8 11.3 0.560 0.576
Female 100 32.8 11.4

Risser Ferguson Male 75 16.3 7.7 0.231 0.817
Female 100 16.0 6.8

Cobb L1-S1 Male 75 51.2 12.7 0.093 0.926
Female 100 51.0 11.1

Cobb L1-L5 Male 75 37.7 11.8 − 0.418 0.676
Female 100 38.4 10.5

CLL Male 75 25.1 10.0 0.094 0.925
Female 100 24.9 9.1

TRALL Male 75 37.2 8.27 − 0.060 0.952
Female 100 37.3 9.7
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Discussion

The importance of lumbar lordosis in a clinical setting 
is becoming increasingly important, with the majority 
of individual’s concerns being related to a sagittal lum-
bar alignment disorder. It is clear that the importance of 
lumbar lordosis needs be better understood: to do this its 
assessment needs to be re-evaluated. To obtain better and 
more successful results in ergonomics and physical ther-
apy, as well as in the outcome of surgical approaches, the 
extent and nature of lumbar lordosis must be taken into 
account [5, 16, 18–20]. Although many studies have been 
conducted concerning the sagittal alignment of the lumbar 
region, there appears to be little or no consensus on the 
optimal value of lumbar lordosis or the most appropriate 
technique to use in its evaluation. The Cobb methods are 
probably the most commonly used, due mainly to their 
ease of application and universal acceptance; However 
many different approaches have been developed and pre-
sented in the literature to overcome different limitations. 
Posterior Tangent, CLL, TRALL are the most well-known 
of these techniques [15, 21].

An accurate radiological evaluation is important to be 
able to detect primary and secondary pathologies origi-
nating from lumbar lordosis [22]. It is clear that the most 
advantageous technique, in terms of ease of use and accu-
racy, should be evaluated to enable an accurate radiologi-
cal evaluation to be made. Furthermore, deficiencies in the 
literature need to be addressed to better understand lumbar 
lordosis and provide appropriate treatment. Lumbar lordo-
sis can be influenced by many factors, including gender, 
age and profession [23]. It has been evaluated in different 
ages, professions, genders and pathologies [14, 16, 17, 24]. 
In the current study, lumbar lordosis in symptomatic indi-
viduals due to low back complaints was investigated using 
five recognized methods, as well as the Risser Ferguson 
method, for determining its value. Such a comprehensive 
data set from 175 individuals appears not to have been 
previously undertaken: It is a unique data set. Considering 
that 6 different techniques were evaluated on 175 individu-
als, it can be stated that this study made a rich and valuable 
contribution to the literature by providing an overview of 
the techniques used in the evaluation of lumbar lordosis.

Moring lang et  al. stated that among the factors of 
age, weight and gender, gender was the factor that most 
affected lumbar lordosis in healthy people [24]. Gelb et al. 
reported a difference in the mean lumbar lordosis values 
of men and women [25]. Legaye et al. and Korovessis 
et al. reported findings that there were differences in the 
mean lumbar lordosis values of women and men [26–28]. 
In these researches, it was suggested that gender was a 
factor affecting lumbar lordosis. Esen et al. reported that 

lumbal lordosis values did not differ between age groups 
but were related with body mass index and gender [30]. 
Vialle et al. found a mean lumbar lordosis value of 46.2° in 
women and 41.4° in men [31]. In this study, no significant 
relationship between gender or age group and the measure-
ment of lumbar lordosis was observed (p > 0.05) (Tables 4 
and 5). Previous studies have shown that increasing age 
is one of the most common factors in the development 
of low back pain [32]; however, the number of individu-
als attending clinics for low back pain has increased. No 
difference in lumbar lordosis was observed in the current 
study, irrespective of the method of measurement. In the 
present study, the degree of lumbar lordosis was measured 
in symptomatic individuals. Based on our results, we can 
state that the measurement results in radiologic images of 
symptomatic individuals do not vary depending on gender 
and age (Tables 4 and 5).

The values of lumbar lordosis determined using different 
methods by various groups are given in Table 6: as can be 
seen the observations in the current study were similar to 
those previously reported symptomatic researches.

The most widely used method for measuring lumbar 
lordosis is the Cobb method and is accepted as the golden 
standard. Despite being an old approach, it is highly popular 
and still widely used. [40]. It is favored by practitioners due 
to its simple, straightforward and practical application. If a 
new technique is introduced, it is compared with the Cobb 
method. Some examples from other articles in the literature 
are presented in Table 6. In the present study, the mean Cobb 
L1-L5 angle was 38.1° and the mean Cobb L1-S1 angle was 
51.1° in symptomatic adults. The angle measurements in our 
results are generally lower than those in other studies in the 
literature with healthy individuals and similar to those in 
studies with symptomatic individuals.

Posterior tangent and Cobb methods are most widely used 
by clinicians to measure lordosis [15]. Janik et al. compared 
the Posterior Tangent method and Cobb method to assess 
the degree of cervical lordosis. They reported that the Pos-
terior Tangent method was more reliable in terms of low 
measurement error and high accuracy [41]. Since lumbar 
lordosis and cervical lordosis are similar curvatures, there 
is some commonality in their assessment. Russel et al. com-
pared the Cobb L1-L5 method with the Posterior Tangent 
method in their study. In a study of 16 subjects, they found 
the mean Posterior Tangent angle 40.2° and the mean Cobb 
L1-L5 angle 49.6°. They reported that these two techniques 
showed a high degree of correlation. However, they noted 
that the measurement of the posterior tangent angle took 
more time [17]. Harrison et al., in a study conducted with 
30 individuals, they determined the mean Cobb L1-L5 angle 
as 40.3° and the mean Posterior Tangent angle as 34.5° [27]. 
Hong et al. measured 90 individuals with scoliosis and found 
the mean Cobb L1-L5 angle 34.5° and the mean posterior 
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tangent angle 36.5° [18]. They considered the Cobb L1-L5 
and the Posterior Tangent as reliable methods [18]. In our 
study, the mean Cobb L1-L5 angle was found 38.09° and 
the mean Posterior Tangent L1-L5 angle was found 33.23°, 
as previously mentioned in text (Table 2). The results found 
by other researchers and the results found in our study are 
statistically close. At the same time, in the correlation analy-
sis performed in our study, a very strong positive correla-
tion was found between these two measurement techniques 
(r = 0.834) (Table 3). When Figs. 4 and 5 are analyzed, the 
compatibility of the posterior tangent method with Cobb 
techniques can be observed.

Chen et al. compared the Cobb L1-L5 and Cobb L1-S1 
with the Central Measurement Method angle of Lumbar 
Lordosis (CLL). They reported that the mean Cobb L1-L5 
angle was 35.8°, the mean Cobb L1-S1 angle was 50.4° 
and the mean CLL angle was 35.3°. They also reported that 
Cobb L1-L5 and Cobb L1-S1 methods showed statistical 

significance and a strong positive correlation with the CLL 
technique in the statistical analysis (p < 0.05). In addition to 
these findings, Chen et al. stated that changes in Cobb angles 
due to osteoporosis and vertebral degeneration would cause 
inter-observer differences and that the CLL angle referring 
to the center of the vertebra was more reliable in measuring 
lumbar lordosis [33]. In another study, Chen et al. used the 
CLL angle and Cobb angle in scoliosis measurements and 
reported that the CLL technique was more reliable because 
it was not affected by the vertebral end architecture [42]. 
In our study, the mean Cobb L1-L5 angle was 38.09°, the 
mean Cobb L1-S1 angle was 51.1° and the mean CLL angle 
was 24.99°. Our results are statistically similar to the study 
by Chen et al. The CLL method showed a high positive 
correlation with all techniques except the TRALL method 
(Table 3). In the CLL method, measurements are made from 
the center of the vertebra. Measurements are not affected by 
vertebral endplate architecture. The reference points are easy 

Table 6   Values of lumbar 
lordosis reported in the 
literature using different 
measurement methods

Study Number of ındividuals Method Mean (°)

Russel et al. [17] 16 asymptomatic Cobb L1-L5 49.6
Posterior Tangent 40.2

Harrison et al. [27] 30 asymptomatic Cobb L1-S1 58.6
Cobb L1-L5 40.3
Posterior Tangent 34.5
TRALL 41.2

Hong et al. [18] 90 symptomatic Cobb L1-S1 39.7
Cobb L1-L5 34.5
Posterior Tangent 36.5
TRALL 32.4

Chen et al. [33] 16 asymptomatic Cobb L1-S1 50.4
Cobb L1-L5 35.8
CLL 35.3
TRALL 38.8

Francis osita okpala [34] 200 symptomatic Cobb L1-S1 49.9
TRALL 38.8

Chernutka et al. [35] 200 asymptomatic Cobb L1-S1 51.9
TRALL 47.3

Vialle et al. [31] 300 asymptomatic Cobb L1-S1 58.5
Cobb L1-L5 43

Okçu et al. [36] 120 asymptomatic Cobb L1-L5 44.7
Korovesis et al. [29] 99 asymptomatic Cobb L1-L5 45.7
Demir et al. [37] 150 asymptomatic Cobb L1-L5 42.7
Jackson et al. [38] 100 asymptomatic Cobb L1-S1 60,9
Fábio Araújo et al. [39] 489 asymptomatic Cobb L1-S1 62,0
Current Study (Tekeli et al.) 175 symptomatic Cobb L1-S1 51.1

Cobb L1-L5 38.0
Posterior Tangent 33.2
CLL 24.9
TRALL 37.2
Risser Ferguson 16.1
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to determine. The harmony of the CLL method with Cobb 
techniques is shown in the Bland–Altman plots in Figs. 4 
and 5.

TRALL technique developed by Chernutka as an alterna-
tive to Cobb [35]. In a study performed in 200 symptomatic 
individuals, Francis Osita Okpala found the mean Cobb 
L1-S1 angle 49.9° and the mean TRALL angle 47.3°. He 
detected a low correlation between the two techniques [34]. 
Chernutka et al. found the mean Cobb L1-S1 angle 51.9° and 
the mean TRALL angle 38.8°. Chernutka et al. also reported 
that measurements with Cobb techniques showed wide range 
of mean lumbar lordosis values with large standard devia-
tions. They moreover stated that the TRALL technique is 
more advantageous in locating vertebral end plates. So that 
according to Chernutka the TRALL is more reliable and 
advantageous [35]. Harrison et al. did not recommend the 
TRALL angle because it did not have segmental analysis 
[27]. Hong et al. calculated the mean Cobb L1-S1 angle as 
39.79° and the mean TRALL angle as 32.46° in 90 indi-
viduals and reported that the TRALL technique was more 
reliable than other methods involving the L5-S1 segment 
[18]. In our study, the mean TRALL angle was 37.24° and 
the mean Cobb L1-S1 angle was 51.01°. The Cobb L1-S1 
angle values found in our study are very close to the values 
found by Chernutka et al. and Hong et al. The numbers we 
calculated for the TRALL angles are in agreement with the 
data of Chernutka, the creator of the technique. Accord-
ing to our findings, there is a strong positive correlation 
between TRALL angle and Cobb L1-S1, Cobb L1-L5 angle 
(r = 0.618, r = 0.612) and a moderate positive correlation 
between TRALL angle and CLL and Posterior Tangent angle 
(r = 0.501, r = 0.541). TRALL angle has shown high and 
moderate correlation with other methods commonly used 
in lordosis measurement, but the correlation values are low 
compared to the correlation values of other techniques with 
each other (Table 3). The agreement of the TRALL method 
with Cobb techniques is shown in the Bland–Altman plots 
in Figs. 4 and 5. This method uses more reference points and 
lines than other techniques. This increases the measurement 
time.

The Cobb technique is the golden standard, but the fact 
that many other techniques have been introduced to the 
literature to evaluate spinal curvatures is an evidence that 
the search for the perfect technique is still ongoing and 
alternatives to the Cobb method are being investigated. In 
this direction, many techniques have been developed and 
adapted. The Risser Ferguson method is essentially a tech-
nique used for the assessment of scoliosis in the coronal 
plane: [43] it has not been used in sagittal plane evaluation 
of the vertebral column. In the current study, the Risser 
Ferguson method was modified for the evaluation of lum-
bar lordosis: The current study appears to be the first to 
use it in the measurement of lumbar lordosis. The Risser 

Ferguson method is similar to the CLL method, differ-
ing in the vertebral centers used: It showed a very high 
ICC (0.98) (Table 1). Descriptive statistics were shown in 
Table 2 for Risser Ferguson angles. It showed very high 
positive correlations with the CLL and the Posterior Tan-
gent methods, and a high positive correlations with the 
Cobb L1-L5 and Cobb L1-S1 methods (Table 3). Accord-
ing to Bland–Altman plots (Figs. 4 and 5) and correlation 
analysis, it is recommended Risser Ferguson technique can 
be used in the assessment and evaluation of lumbar lordo-
sis. Further researches are definitely required to reveal the 
benefits and drawbacks of a new technique.

In conclusion, the current study is one of the most com-
prehensive in terms of the number of individuals examined 
and the number of techniques evaluated. From this point of 
view, it provides a wealth of data source in terms of cor-
relation relationships between techniques and assessment 
of lumbar lordosis degrees according to gender and age. 
The adaption of the Risser Ferguson method, used for the 
evaluation of scoliosis, was used for the first time in this 
study for the evaluation of lumbar lordosis. Depending 
on the statistical findings, it can be used to evaluate but 
more research is necessary to reveal its advantages and 
limitations. On the other hand, when Cobb angles were 
analyzed, the symptomatic angle values found in our study 
were lower than many asymptomatic studies. In addition, 
there was no significant difference in the lumbar lordosis 
of individuals who presented to clinics symptomatically 
due to gender and age. The current study will aid clinicians 
and researchers in their understanding of lumbar lordosis.
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