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Abstract

Introduction. This study aimed to propose a categorization of body postures and to provide indexes/scores for the postural
patterns.
Methods. The body posture of the 3 spinal regions in 180 asymptomatic young people, mean age: 16.1 (0.77) years, was evaluated
quantitatively in the sagittal plane (cinemetry and the curvature index). The same images were presented to experts who, by way
of qualitative analyses, provided the postural diagnosis of each curvature for all of the young people. Individuals with the same
postural patterns were grouped together and the qualitative data were crossed with the quantitative values. Thus, scores were
attributed to normal curvature, tendencies, and deviations. The one-way ANOVA test for independent samples was used to
compare the patterns and the Bonferroni post-hoc test served to analyse effects between neighbouring changes. The mean
difference and the 95% confidence interval were also calculated to compare the patterns. An alpha level of 5% was adopted for
all analyses. The sensitivity, specificity, positive and negative likelihood ratios, and the predictive value for the suggested reference intervals were calculated to determine the diagnostic accuracy.
Results. Significantly different scores were attributed to the postural pattern curves: 0: curve inversion; 0.1–10: rectification;
10.1–11: tendency for rectification; 11.1–14: normal; 14.1–15: tendency for hyperlordosis/hyperkyphosis; > 15: hyperlordosis/
hyperkyphosis. The scores presented great discriminatory capacity and diagnostic accuracy among the postural patterns.
Conclusions. This categorization could aid researchers and health professionals in evaluating postural deviations.
Key words: adolescent, kyphosis, lordosis, spinal curvatures

Introduction
Postural deviations amongst young people have been
increasing in the recent decades, causing concern about the
state of health and habits of this generation [1–3]. Postural
alterations modify the orientation of the vertebras and the
distribution of forces and tensions in the spine [3, 4], increasing the risk of paravertebral pain, injury, and degenerative
processes of the vertebral structures [5, 6]. Early detection
and treatment of postural problems could help avoid greater deformations of the spine and musculoskeletal perturbations [7, 8].
A variety of instruments have been developed for the detection of spinal curvature deviations using different physical
principles, methodologies, and protocols, but visual observation and radiography are still used in clinical practice and
research [9]. Visual observation is of low cost but only provides qualitative data on the surface evaluation of the spine;
its subjectivity constitutes a limitation, and there is a need for
a refined visual sensitivity of the examiner to perceive the deviations [9, 10]. Radiographs are considered a more objective
method for the indication of treatment [9, 11, 12], but show
restrictions for use with large populations [2] owing to the cost

and logistics [2, 13]. They are also associated with problems
concerning exposure to radiation [2, 14, 15], repeatability
[9, 14], and imprecise representation of a 3-dimensional structure in a 2-dimensional image [11, 16]. Cobb’s method is
widely used to measure spinal curvature deviations in radiographic evaluations [11, 12]. However it is also questioned
since it can present measurement errors caused by difficulty
to visualize and identify the vertebras [17], problems with the
characterization of the curves [16, 18], and a lack of consensus concerning the values of the curvatures [8, 17].
Thus, non-invasive instruments that offer quantitative data,
such as kinematics/photogrammetry [2, 19, 20], and automatic measuring methods with direct measurements are more
highly recommended [21]. Evaluating the length and arching of the curvature – curvature index – is considered adequate to quantify posture [13, 22, 23], but there are studies
with different populations and no consensus exists concerning the values that designate normal and abnormal curvature
patterns [22, 24]. The values presented as normal are those
found for subjects considered healthy by the distribution of
the majority or sample mean, and not those with adequate
posture [17, 22, 24]. In turn, if one considers as normal the
values attributed to the curvatures of individuals with no com-
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plaints of pain or diagnosis of physical problems, this can
result in inadequate postural patterns being used as reference values. In addition, the studies that attribute values to
curvatures and cut-off points to define postural patterns do
not present tests for the diagnostic accuracy properties of
these points. Thus, the objectives of the present study were:
(1) to evaluate the spinal surface posture of asymptomatic
young people in qualitative (normal, tendencies, and deviation postures) and quantitative (curvature indexes) ways in
the sagittal plane; (2) to relate the qualitative to the quantitative evaluations, attributing reference scores to the postural patterns for normality, tendencies, and deviations; (3)
to categorize the postural patterns; (4) to verify the discriminatory capacity of the scores of the postural patterns; (5) to
evaluate the diagnostic accuracy of the scores of the postural patterns.

Subjects and methods
Participants: criteria for inclusion and exclusion
A total of 300 young people were evaluated; 180 asymptomatic individuals were selected (45 boys and 135 girls),
aged 15–18 years, with a mean age of 16.1 (0.77) years and
mean height of 1.65 m, to take part in the study, all from Florianópolis, Brazil.
The inclusion criteria involved age of 15–18 years, no complaints of pain, and no history of musculoskeletal injuries or
cognitive, physical, or psychiatric problems that could prevent
the subjects from taking part in the evaluation. The young
people who agreed to take part in the study and signed the
free and clarified term of consent for the research and whose
parents or guardians also signed it were accepted for the
study.
The exclusion criteria were as follows: physical health or
cognitive problems which prevented the individuals from par-

ticipating in the evaluation, as well as complaints of pain or
musculoskeletal injuries which could alter the body posture
at the moment of evaluation. Young people who did not sign
the term of consent or whose parents or guardians did not
sign it were also excluded.
Each participant (and legal guardian) received information about the objectives of the study and the form of participation (data collection procedure, associated risks, confidentiality information).

Procedures
The evaluations were carried out in the school environment in a room reserved for this purpose. The young people
were first evaluated with respect to their anthropometric data
and the inclusion and exclusion criteria. For the participants
selection, before the postural evaluation, the individuals filled
in a questionnaire which contained questions about the presence of musculoskeletal pain at the time of the evaluation.
They were also questioned and evaluated for the existence of
lesions and pathologies (strains, fractures, tendinopathies,
or inflammatory/infectious processes, amongst others) that
could interfere with the postural evaluation.
In sequence, marks were made on the following spinous
processes: C2, C7/T1, T12/L1, and L5/S1, always by the same
researcher (with 25 years of professional experience). The
marking of bone processes presents adequate reliability [25,
26]. The young people were then filmed by using the Posture
Evaluation Rotating Platform System [27], which includes
a rotating platform, a camcorder (with a tripod), and a calibrator (Figure 1). During filming in the sagittal plane, the subject
was asked to flex their elbows and join their hands in front of
the chest, without changing their posture, to aid visualization
of the outline of the curvatures. The participants were positioned standing on the rotating platform, which was switched.
At the same time, the camcorder was switched on and vari-

Figure 1. Evaluation of the curvature indexes of the cervical (C), thoracic (T), and lumbar (L) regions.
Curvature index = (F/X) × 100; 53 cm: measurement used to calibrate the system (x and y axes)
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ous images of the subject were obtained. The system had
been subjected to pilot studies, content validation, evaluation
of its precision and reliability, and verification of the total number of images necessary to stabilize it [27].

Data analysis
The films were converted into frames by using the Kinovea®
program, and 26 images of each subject in the sagittal plane
were selected (13 on the right side and 13 on the left, practically in the same position to control the parallax) in order to
calculate the curvature indexes (Figure 1) and allow for a quali
tative analysis of the images by the evaluators.

Quantitative analysis
System calibration is an important step since it orientates the system with respect to the coordinates and real
distances (important to provide real measurements for the x
and y axes). In sequence, lines were created that joined the
limiting vertebras of each region (cervical, thoracic, and lumbar), indicating the length of each curve (X), and other lines
connecting the apexes of each curve to the straight line (X),
representing the width of each curve (F) (Figure 1) – lengths
all in centimetres. The curvature indexes were calculated
with the following formula [22, 23]:
Curvature index = (F/X) × 100

dence interval (CI) of the mean for the groups that presented
normal, tendency, and deviation curves. Spearman’s nonparametric correlation was used to analyse agreement between the evaluators. The one-way analysis of variance
(ANOVA) test for independent samples served to compare
the groups with reference to the alterations and/or normality
presented. The test was applied to each spinal structure separately. The Bonferroni post-hoc test was used to analyse
simple principal effects between limitrophe alterations, and
other differences were only analysed when there was no difference between the limitrophe alterations. The mean difference and 95% CI were also calculated for the comparison
between the groups, and an alpha level of 5% was adopted
for all analyses. The analyses were carried out with the
SPSS 17.0 software. The sensitivity, specificity, positive and
negative likelihood ratios, and the predictive value of the reference intervals suggested [28, 29] were calculated by using
the MedCalc 12.0 software to evaluate the diagnostic accuracy.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and
has been approved by the Committee of Ethics in Research
of the Santa Catarina State University under the CAAE (Submission Certificate for Ethical Assessment) Process Number
#35004014.4.0000.0118/2014.

Informed consent

The curvature index values for each individual were obtained with the consideration of the average of the 26 frames
[27].

Informed consent has been obtained from all individuals
included in this study and their legal guardians.

Qualitative evaluation

Results

The same images that were used in the quantitative evaluation were presented to 3 physiotherapists (each evaluator with a mean experience of 20 years), who had not taken
part in the quantitative evaluation. The examiners analysed
the postures of the individuals separately, classifying them
as normal, inversion of the curve (kyphosis of the cervical or
lumbar regions or lordosis of the thoracic region), rectified
(flat back), tendency to rectification, tendency to hyperlordosis
and hyperlordosis (cervical and lumbar regions), and tendency to hyperkyphosis and hyperkyphosis (thoracic regions).
Each evaluator was blinded to the results of the other evaluators. Before carrying out the evaluations, the observers attended a meeting to standardize the procedures. Apart from
the first meeting, they took part in another meeting to adjust
the terminology used for the deviations.

With respect to the qualitative evaluation, initially, the 3
evaluators agreed concerning the postural pattern in the
cervical region in 102 young people (56.67%), in the thoracic
region in 112 young people (62.22%), and in the lumbar
region in 105 young people (58.33%). One should note that
the more exacerbated and diminished curves presented
a greater consensus amongst the evaluators, and that their
greatest difficulty, as predicted in the preparatory meeting,
was to evaluate what was normal (healthy). In the second
meeting, the evaluators suggested the use of the term ‘tendency’ for those postural patterns where there were doubts
as to whether they represented an adequate pattern or not.
Table 1 shows the correlation amongst the evaluators before
using the term ‘tendency,’ applied when the deviation was
not pronounced.
After the meeting, the frames (images of the individuals)
presenting inter-evaluator divergence were re-presented to
the evaluators, and consensus was found between the 3 observers in most cases (except for 3 individuals in the cervical
region, 2 in the thoracic region, and 3 in the lumbar region).

Statistical analysis
A descriptive analysis of the data was obtained from the
mean, standard deviation, standard error, and 95% confi-

Table 1. Agreement between the evaluators with respect to the postural patterns
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Observer

C normal
(r)

C hyper/flat
(r)

T normal
(r)

T hyper/flat
(r)

L normal
(r)

L hyper/flat
(r)

1 and 2

0.59

0.97

0.69

1

0.39

0.97

1 and 3

0.59

1

0.72

0.98

0.48

0.97

2 and 3

0.55

0.97

0.73

0.98

0.47

1

C – cervical, T – thoracic, L – lumbar, flat – rectification, r – Spearman’s r
p < 0.001 between the evaluators for all regions
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Table 2. Quantitative and qualitative comparison: curvature indexes and qualitative diagnoses
Parameter

Hyperkyphosis

Tendency for
hyperkyphosis

Kyphosis

Rectification

Tendency for
rectification

Normal

Tendency for
hyperlordosis

Hyperlordosis

–3.82 ± 0.88

7.15 ± 2.85d,e

10.55 ± 0.27b,e

12.40n ± 0.94c,d

14.50 ± 0.36a,b

19.33 ± 3.90a,c

–

0.38
6.39–7.92

0.07
10.40–10.70

0.12
12.15–12.64

0.12
14.22–14.78

0.64
18.03–20.64

2 (1%)

55 (31%)

15 (9%)

59 (34%)

9 (5%)

37 (21%)

7.95 ± 2.18h,i

10.45 ± 0.36h,j

12.56 ± 1.20g,j

0.33
7.29–8.62

0.10
10.23–10.68

0.19
12.17–12.96

†

†

44 (25%)

12 (7%)

38 (21%)

–4.31

7.69 ± 2.43n,o

10.70 ± 0.24l,o

12.24 ± 0.83m,n

14.64 ± 0.30k,l

20.46 ± 5.70k,m

–

0.30
7.09–8.28

0.06
10.57–10.83

0.13
11.97–12.51

0.07
14.48–14.81

0.90
18.64–22.29

16 (9%)

39 (22%)

15 (9%)

40 (23%)

Cervical
Mean ± SD
Standard error
(95% CI: mean)

†

†

n (%)
Thoracic
Mean ± SD

18.40 ± 2.70f

14.58b ± 0.27f,g

Standard error
(95% CI: mean)

0.32
17.75–19.04

0.07
14.42–14.74

70 (39%)

14 (8%)

n (%)

‡

Lumbar
Mean ± SD
Standard error
(95% CI: mean)

†

n (%)

†

1 (1%)

66 (38%)

Cervical: hyperlordosis, tendency for hyperlordosis, normal, rectification, tendency for rectification
Thoracic: f hyperkyphosis, g tendency for hyperkyphosis, h tendency for rectification, i rectification, j normal
Lumbar: k hyperlordosis, l tendency for hyperlordosis, m normal, n rectification, o tendency for rectification
Negative values demonstrate that the curve was inverted. Letter pairs indicate paired differences.
† no deviation in this region, ‡ kyphosis in the thoracic region equal to normal
a

b

c

d

Non-consensual results were not considered in the statistical analysis of the qualitative evaluation to avoid compromising data normality. The data of individuals with kyphosis of the cervical and lumbar spinal regions were also removed
from the analysis owing to the small number of participants.
Table 2 shows the patterns detected by the experts combined with the values obtained in the quantitative evaluation.
The statistical test revealed a significant interaction between the curvature index and the different diagnoses for all
the structures evaluated (p < 0.01). For the cervical region,
the curvature index for hyperlordosis was different from that
for the tendency for hyperlordosis (mean difference [MD]:
4.83, 95% CI: 2.22–7.45, p < 0.01); the curvature index for
the tendency for hyperlordosis was not different from that for
normal, but presented a significant difference with respect to
the tendency for rectification (MD: 3.95, 95% CI: 0.99–6.92,
p = 0.002); the curvature index for normal was not different
from those for the tendencies, but showed a significant difference with respect to the curvature index for hyperlordosis
(MD: –6.94, 95% CI: –8.41 to –5.46, p < 0.01) and that for
rectification (MD: 5.24, 95% CI: 3.93–6.56, p < 0.01); and,
finally, the curvature index for the tendency for rectification
exhibited a significant difference from that for rectification
(MD: 3.40, 95% CI: 1.35–5.44, p < 0.01).
For the thoracic region, the curvature index for hyperkyphosis was different from that for the tendency for hyperkyphosis (MD: 3.82, 95% CI: 2.07–5.56, p < 0.01); the curvature
index for the tendency for hyperkyphosis was different from
that for normal (MD: 2.02, 95% CI: 0.15–3.88, p = 0.02); the
curvature index for normal was different from that for the
tendency for rectification (MD: 2.11, 95% CI: 0.13–4.09, p =
0.03); and the curvature index for the tendency for rectification was different from that for rectification (MD: 2.50, 95%
CI: 0.56–4.44, p = 0.003).
With respect to the lumbar region, the curvature index for
hyperlordosis was significantly different from that for the ten-

e

dency for hyperlordosis (MD: 5.82, 95% CI: 3.12–8.52, p <
0.01); the curvature index for the tendency for hyperlordosis
was not different from that for normal but was significantly different from that for the tendency for rectification (MD: 3.95,
95% CI: 0.74–7.15, p = 0.006); the curvature index for normal
was not different from those for the tendencies, but showed
a significant difference with respect to the curvature index
for hyperlordosis (MD: –8.22, 95% CI: –10.23 to –6.21, p <
0.01) and that for rectification (MD: 4.56, 95% CI: 2.76–6.36,
p < 0.01); and, finally, the curvature index for the tendency
for rectification was different from that for rectification (MD:
3.01, 95% CI: 0.53–5.50, p = 0.007).
After stratifying the quantitative data in accordance with
the qualitative evaluation and analysis of the descriptive distribution, cut-off points were suggested for the curvature index. Table 3 presents the respective diagnostic properties
distribution of the descriptive data of the different groups and
structures, and also a comparison of the groups concerning
the qualitative diagnoses of the cervical, thoracic, and lumbar
structures.

Discussion
The results showed that the curvature index values were
different for the groups classified as normal, tendency, and
deviation postures, determining diagnostics for the postural
patterns of the spinal curvature surfaces in the sagittal plane.
The concern about the correct diagnosis of postural deviations in young people is justified by the need to plan the
treatment and decrease the resulting musculoskeletal complications [7, 8]. When an individual maintains their spinal curvatures in the sagittal plane with adequate patterns, there is
a better distribution of the loads on the vertebral structures
and improved impact absorption capacity. In turn, changes
in these curvatures cause an imbalance in the forces on the
spine and can lead to injury [30].
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Table 3. Cut-off intervals/scores suggested for the curvature index and their diagnostic measurements
Diagnosis

Cut-off intervals/scores

SEN (%)
(95% CI)

SPE (%)
(95% CI)

LR+
(95% CI)

LR–
(95% CI)

PV+
(95% CI)

PV–
(95% CI)

100
(16–100)

100
(98–100)

x

0.0
(x)

100
(16–100)

100
(98–100)

Cervical
Kyphosis

0

Rectification

0.1–10

100
(94–100)

98
(94–100)

61
(15–241)

0.0
(x)

97
(88–100)

100
(97–100)

Tendency for rectification

10.1–11

100
(78–100)

99
(97–100)

162
(23–1143)

0.0
(x)

94
(70–100)

100
(98–100)

Normal

11.1–14

97
(88–100)

100
(97–100)

x

0.0
(0.0–0.1)

100
(94–100)

98
(94–100)

Tendency for hyperlordosis

14.1–15

100
(66–100)

100
(98–100)

x

0.0
(x)

100
(66–100)

100
(98–100)

> 15

100
(91–100)

100
(97–100)

x

0.0
(x)

100
(91–100)

100
(97–100)

0–10

98
(88–100)

100
(97–100)

x

0.0
(0.0–0.2)

100
(92–100)

99
(96–100)

Tendency for rectification

10.1–11

100
(74–100)

100
(98–100)

x

0.0
(x)

100
(74–100)

100
(98–100)

Normal

11.1–14

97
(86–100)

100
(97–100)

x

0.0
(0.0–0.2)

100
(91–100)

99
(96–100)

Tendency for hyperkyphosis

14.1–15

100
(77–100)

100
(98–100)

x

0.0
(x)

100
(77–100)

100
(98–100)

> 15

100
(95–100)

98
(94–100)

54
(14–213)

0.0
(x)

97
(90–100)

100
(97–100)

100
(3–100)

100
(98–100)

x

0.0
(x)

100
(3–100)

100
(98–100)

Hyperlordosis
Thoracic
Rectification

Hyperkyphosis
Lumbar
Kyphosis

0

Rectification

0.1–10

100
(95–100)

100
(97–100)

x

0.0
(x)

100
(95–100)

100
(97–100)

Tendency for rectification

10.1–11

100
(79–100)

99
(97–100)

161
(23–1136)

0.0
(x)

94
(71–100)

100
(98–100)

Normal

11.1–14

100
(91–100)

99
(95–100)

69
(17–273)

0.0
(x)

95
(84–99)

100
(97–100)

Tendency for hyperlordosis

14.1–15

100
(78–100)

100
(98–100)

x

0.0
(x)

100
(78–100)

100
(98–100)

> 15

100
(91–100)

99
(96–100)

137
(19–966)

0.0
(x)

98
(87–100)

100
(97–100)

Hyperlordosis

SEN – sensitivity, SPE – specificity, LR+ – positive likelihood ratio, LR– – negative likelihood ratio, PV+ – positive predictive value,
PV– – negative predictive value, x – the calculation could not be carried out since some of the entered values included one or more zero
instances
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Some studies have provided reference values for postural
patterns, but some left a void with respect to a definition of
this parameter, since the lack of symptoms does not guarantee the absence of postural alterations [8, 17]. There can
be errors in the diagnoses, classifying individuals with deviations as normal when based on reference values that use
the mean or distribution of individuals without complaints
or diagnosis of physical problems.
A support of consensus in the qualitative evaluation by
examiners with considerable experience in classifying postural patterns was used in this study. Thus, the values for
normal curvature were attributed to individuals with harmo-

nious curves and the values for alteration to those with curvatures where the forces were distributed in an irregular way
[2, 5]. As in previous studies, the sample was only made up
of asymptomatic individuals [8, 17]; nevertheless, various
postural alterations were detected, and about 90% of the
sample presented some postural deviation in at least one
region. There is evidence of an increase in postural deviations
among young people over the last few decades [31] and
this elevated prevalence has already been revealed in children younger than those investigated in the present study.
A cross-sectional study with 637 Portuguese children aged
7–10 years determined postural deviations in the sagittal
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plane in 25.4% of these children [1]. Another more recent
study with 257 Polish children aged 11–12 years using the
Diers formetric III 4D optoelectronic method detected at least
some deviation of the spine in the sagittal plane in 58.92%
of these children [32]. These elevated postural deviation prevalence values imply a need for more studies to be carried out
to accompany the evolution of these changes, their progression, and the consequences in young people and adults.
The present study, in addition to showing the relevance
of identifying the appearance of postural changes, presented
a way to categorize the postural patterns as adequate or as
deviations (healthy or not) through the eye of experts. Scores
were attributed to these postural patterns, which exhibited
adequate capacity to detect and discriminate the different
types of change in the spinal curvatures. This premise was
ratified by the discriminatory capacity of the quantitative evaluation method applied, the use of groups with an appropriate number of cases being important. Despite the presence
of many postural deviations, the prevalence of adequate postures was observed to be at least 20% in each region.
After dividing the groups in accordance with the qualitative evaluation, the curvature index values were significantly
different between most of the limitrophe alterations. Only between the normal curvature index and those for the tendencies for the cervical and lumbar spinal regions were significant differences not found. These data, reinforced by the
significant differences between the deviations and tendencies, could suggest that the tendencies belong to the classification of normal curves. On the other hand, the significant
differences between the curvature index values for the tendencies for rectification and for hyperlordosis, as well as the
discriminatory capacity of the cut-off points demonstrated
that these postures were not part of the same behaviour, and
considering them as normal postures could prevent the early
detection of a postural deviation. Identifying tendencies is of
clinical importance, since it can indicate the start of an injurious process with progressive consequences, and more
studies are recommended to verify the distinction between
the tendencies and normal postures. Although there was no
significant difference between the groups cited above, the
non-superimposition of the CI of the means allowed for the
choice of cut-off intervals to serve as a guide during clinical
evaluations. The suggested intervals were tested for their diagnostic properties and all presented values denoting high
diagnostic power [28, 29] to identify individuals with and without alterations (sensitivity and specificity both close to 100%),
adequate discriminatory probability (positive likelihood above
10 and negative likelihood below 0.1), and adequate predictive values with reference to the number of times the interval
could identify subjects with alterations (positive predictive
value) and subjects with no alterations (negative predictive
value). Thus, on the basis of the adequate diagnostic properties, the cut-off intervals suggested could be used in evaluations as a guide to postural diagnoses.

Limitations
This study involved some limitations. The sample was
small, only adolescents were included, and the analysis was
carried out with the genders together. In some of the groups,
the sample size could also have been limiting. However, considering that the sample studied was composed of asymptomatic individuals, each alteration occurred in a representative number, making it possible to characterize and distinguish
the curvature index values. It should also be pointed out that
the method used (surface evaluation) allowed one to detect

the alignment of the body and its segments, and that the results
of these evaluations only inferred the spinal position.

Conclusions
The quantitative evaluation of the curvature indexes
showed discriminatory capacity between groups with different postural patterns, as categorized by the qualitative evaluation by experts. This categorization could aid researchers
and clinical doctors in evaluating postural deviations.
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