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ABSTRACT

Introduction: The alignment between anterior superior and inferior posterior iliac spine is related to the lumbar curvature in the sagittal
plane. Objective: To characterize the flexibility and angulations of the lumbar spine and the relation with the pelvic tilt in sagittal plane
of preschool children. Methods: Participated in the study 138 children with ages ranging from five to six years and enrolled in eight
public schools. The evaluation was performed by photogrammetry, pelvic sagittal balance test and limb stretching by fleximeter and
Thomas test. Results: There was no difference in the lumbar angle with relation to gender, body mass and age. With regard to pelvic
sagittal balance, the majority of preschoolers presented pelvic retroversion (56.6%). Children with pelvic anteversion (4.3%) presented a
lower lumbar angle, indicating hyperlordosis. Children with pelvic sagittal balance presented better flexibility of the hamstring muscles
than those with the pelvis in retroversion and anteversion. Conclusion: Flexibility was greatest in girls and in five-year-old children.
The angle of the lumbar was 24.07°. The pelvis was retroversed in most children, differing from expected for the age group. The lowest
angle of the lumbar region corresponded to a pelvis in anteroversion and balanced.
Keywords: posture, preschool, lumbosacral region, pelvis.

INTRODUCTION
Lumbar lordosis is the compensatory curvature that directs
the center of gravity of the head, neck and torso to the lower
limbs, distributing body weight and maintaining the posture.
The relationship between pelvic tilt and lumbar lordosis can
be observed in orthostatic position. The anterior pelvic tilt
provides increased lumbar lordosis. However, ligament and
muscle tensions may also affect the curvature of lumbar
lordosis.(1)
The pelvis presents an important function for postural
correction and balance, since it is responsible for supporting
the abdomen, connecting the spine to the lower limbs and
sustaining body weight and movements of the upper limbs.
In addition, the pelvis should be in a neutral position to maintain
proper body balance and thus adjust the upper and lower
limbs to dynamic positions and provide support for performing
activities of daily living.(2) Normal alignment of the pelvis is
affected by the contracting forces of the muscles around it, for
example, the abdominal and hamstring muscles.(3) When the
flexibility of the hamstring muscles is reduced, movement of
the pelvis is limited, causing change in the pelvic rhythm.

Preschool children present abdominal protrusion when
they are in orthostatism associated with lumbar hyperlordosis.
During the growth period, the posture will change and present
alignment closer to the adult.(4) The physiological conditions
of the pelvis in the child is the neutral position (alignment in
the sagittal plane between the anterior superior and posterior
inferior iliac spines). When the pelvis presents anterior slope
there is an increase of the lumbar lordosis and when the pelvis
tilts posteriorly the lumbar lordosis reduces.(5) Lumbar disorder
in preschool children may have important consequences on
the development of posture and thus into adult life, and an
understanding of the relationship between variables may
provide grounds for action in prevention during child growth
and development.(6)
Several ways are recommended to evaluate body posture.
Photogrammetry is a useful tool for posture analysis, since it
assigns quantitative values to the clinical evaluation, besides
being reliable, (7) non-invasive and a low cost method. (8)
However, there are few studies that determine normal values
for pelvic sagittal alignment in children, due to the different
methodologies that are normally used.(9)
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Currently, preschool children remain in the seated position
longer, both at school and at home, which can cause postural
changes and muscle shortening. Therefore, the objective
of this study is to characterize flexibility, lumbar lordosis
angulation, and the relationship with pelvic in the sagittal plane
in pre-school children enrolled in municipal schools.

subject. The angle of lumbar lordosis was obtained by the
intersection of the lines that leave T12 and L5 until their
union in the standard vertical line. Thus, the lower the angle
of the lumbar curvature, the greater the hyperlordosis and
the greater the angle, the greater the tendency to rectify the
lumbar lordosis.(12)
The PSB was analyzed following the description proposed
by Bienfait.(5) For physiology, good static posture presents the
upper anterior iliac spine (UAIS) and posterior inferior iliac
spine (PIIS) aligned in the horizontal plane. If UAIS and PIIS are
in the same plane the pelvis is classified as balanced, if UAIS
is below the PIIS the pelvis is in anteversion, and the pelvis in
retroversion is when the UAIS is situated above the PIIS in the
sagittal plane. Bienfait defines that the position of the pelvis
in anteversion follows the position of the lumbar lordosis in
hyperlodosis and the retroversion with the rectification of the
lumbar lordosis.(5)
Hip flexion with knee extension was assessed by the lower
limb elevation test.(13) To perform the test, the child was
placed in the supine position, the evaluator kept the knee in
extension and stabilized the pelvis and lumbar on the surface.
The fleximeter (Sunny brand) was placed on the side of the
thigh of the evaluated lower limb to avoid some changes during
movement at the knee angle. The children performed active
movement followed by passive movement performed by the
evaluator. In the study, only passive movement measures
were considered, due to possible interferences in the active
movement performed by the child.
The Thomas test was used to evaluate shortening of the
iliopsoas muscle of the contralateral lower limb to the assessed
member. The children were placed in dorsal decubitus and the
evaluator performed a flexion of the lower limb up to the limit
of the subject. The angle formed between the surface and the
hip of the contralateral lower limb indicated the presence of
iliopsoas muscle shortening.(14)
The results were presented as mean and standard
deviation or as median and interquartile ranges, according
to the normality of the data (Shapiro-Wilk test) and absolute
and relative frequencies were used for categorical variables.
The comparison between continuous variables was performed
using the Kruskal-Wallis test followed by post hoc or
Mann‑Whitney test. The combination of categorical variables
was performed using the chi-square or Fisher’s exact test. For
analysis of correlation between the continuous variables was
used Sperman test. Significance was established in p<0.05.

METHODS
This is a cross-sectional study carried out with a convenience
sample, consisting of 138 healthy children, aged between five
and six years old, from eight municipal schools in different
regions of the city. The schools were randomly selected by
the Municipal Department of Education.
The exclusion criterion was children who could not remain
in orthostatism, with chronic diseases, neurological sequelae
or cognitive deficits. The project was approved by the Ethics
Committee (N. 240/09) and by the Municipal Department of
Education. The parents or guardians of the children signed
the free and informed consent form. After the evaluations,
the parents or guardians received guidance on the clinical
findings and healthy postural habits. Children who presented
postural changes and obesity were referred to the Basic Health
Unit for follow-up.
Data collection was initiated by the collection of personal
data and anthropometric evaluation (body mass and height).
The classification of children into eutrophic, overweight
and obese was obtained by the z score, according to the
recommendations of the World Health Organization (WHO)
– Anthro Plus software.
Lumbar angulation in the sagittal plane was evaluated
through photogrammetry and the tests: pelvic sagittal balance
(PSB), elevation of the lower limb with the fleximeter and
Thomas test to assess the flexibility of the iliopsoas muscle.
The evaluation of the angle of the lumbar curvature was
obtained through photogrammetry using a digital camera
(SAMSUNG, 10.2 mega pixel, 1600x1200 pixels), positioned
parallel to the ground on a tripod, height of 89 cm from the
ground (perpendicular to the optical center of the evaluated
object)(10) and standard distance of 2.5 meters from subject.
(11)
A reference measure with a size of 10 cm was attached
to the arm of the subject for later calibration of the image.
The markers were positioned at anatomical points, with
double-sided tape, in: spinous processes of T12, L3 and L5
(procedure performed by single evaluator). The children
were positioned at a distance of 20 cm of the wall, in front
of a non-reflective black background. The images were
obtained in lateral view with elbow in flexion of 90°, to avoid
the interposition of the upper limb in points marked in the
column. The captured images were analyzed by the Image J
software – free and developed by Wayne Rasband to process
and analyze images (National Institute of Mental Health, EUA).
For the calculation of the lumbar angle, a line perpendicular
to the ground was obtained at a distance of 15 cm from the

RESULTS
A total of 138 children (Table 1) were evaluated, and 70.3%
presented eutrophy, 19% overweight and 10.7% obesity
(Tables 2 and 3).
In the analysis of the lumbar lordosis angle was obtained
a median of 24.07º (20.85o - 28.18o). There was no statistically
significant difference in lumbar lordosis angulation in relation
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to age, gender, body mass and height. As for the PSB, 39.1% of
children presented the balanced pelvis, 56.6% presented pelvic
in retroversion and only 4.3% presented pelvis in anteversion
(Table 3). It was also observed that children who presented the
balanced pelvis and pelvis in anteversion had lower angle of
lumbar lordosis, 22.7o e 20.1o respectively, when compared to
the pelvis in retroversion with 25.19o (p=0.006 and p=0.002).
Still, regarding PSB, no statistically significant difference was
observed with height, body mass, age and gender. However,
the six children with pelvis in anteversion were girls.
Regarding flexibility analysis, there was a statistically
significant difference between children with balanced pelvis
and pelvis in retroversion (Table 4). Difference was also
observed when comparing flexibility and gender (Table 4).

Five‑year-old showed greater flexibility (p=0.037) than the
six-year-old children. In Thomas test, 102 children (73.9%)
presented the negative test and only 36 children (26.1%)
presented the positive test. No statistically significant
differences were found when the Thomas test results were
analyzed with the variables of lumbar angulation, pelvic tilt,
gender and z score.
DISCUSSION
This study aimed to characterize the lumbar lordosis
angulations and the relationship with the sagittal plane of
pelvic tilt in preschool children. It was observed that there is no
significant difference between lumbar lordosis angulation with
respect to gender, age and body mass. In a study that evaluated
children aged six to eight years using the photogrammetry
method, was identified the mean of 25.31º for the lumbar
lordosis angle, similar to the present study.(15)
Postural evaluation through photogrammetry is a method
that tends to gain space in postural studies rather than purely
subjective or clinical appreciation. Santos et al. evaluated
the reliability of photogrammetry through the analysis
of postural alignment, involving 122 healthy children. (7)
The researchers found that this is an adequate and reliable
quantitative method and that its application can generate
reference parameters for the posture of the child. In addition,
studies of Saad et al., (16) Gongora et al.(17) and Lima et al.(18)
also presented good reliability for photogrammetry. Other
studies show that the software also has good reliability.(19,20)
The study of Giglio and Volpon(21) analyzed the curvature
of the lumbar by a validated instrument and found a linear
increase of the angle according to the age: from 22º in
children with five years of age to 32º in subject with twenty
years. Araujo and Fazzi(22) also found in their study the positive
correlation between age and lumbar angle. The present study
did not find a significant difference between age and lumbar
angle, probably by the restricted age.
The study also found no association between lumbar
curvature and body mass, disagreeing with other studies(23,24),
which showed that obese children had a higher incidence of
lumbar hyperlordosis when compared with weight considered
normal for age. This may be justified by the fact that most
children are with appropriate weight for the age, with only
30% of the sample being overweight. There was also no
difference in lumbar curvature compared to the Thomas test,
which is widely used to evaluate iliopsoas muscle shortening.
(25)
Biomechanically, the positive test may be related to the
presence of lumbar hyperlordosis.(26)
Regarding the positioning of the pelvis in the sagittal
plane, only 54 pre-schoolers had a balanced pelvis, with
the majority presenting pelvis in retroversion. Penha et al.
evaluated 132 children between seven and ten years of age
and observed that the anteversion was among the postural
deviations found.(27) The retroversion is explained by the

Table 1. Characterization of the sample according to age and gender.
N

%

5 years

63

45.7

6 years

75

54.3

Girl

65

47.1

Boy

73

52.9

Age

Gender

Table 2. Anthropometric data of the sample.
5 years

6 years

p

Body Mass

22.4 kg (20.0 - 24.4)

24.6 kg (21.50 - 26,7)

0.014*

Height

1.16 m (1.12-1.20)

1.19 m (1.16 to 1.24).

0.001*

Table 3. Nutritional Classification and Pelvic Sagittal Balance (PSB).
N

%

Eutrophic

97

70.3

Overweight

26

19.0

Obese

15

10.7

Classification (Z score)

Pelvic Sagittal Balance
Anteversion

6

4.3

Balanced Pelvis

54

39.1

Retroversion

78

56.6

Table 4. Flexibility in relation to pelvic tilt and gender.
Flexibility

p

88.50o (83.75º - 96.25º)

0.003*

Pelvic tilt
Balanced Pelvis
Retroversion

84o (74o - 90.25o)

Gender
Boy

85o (75o - 90o)

Girl

89o (82o - 97o)

0.006*
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sitting posture, in which the support of the body on the chair
is performed on the back and sacrum, leading the pelvis
to a retroversion and rectification of the lumbar curvature.
(28)
Such situation can lead to the development of muscular
shortenings and compensatory mechanisms.(29) There are no
parameters of normality for pelvic classification in anteversion
or retroversion for the age group studied for comparison
purposes. However, a correlation was observed between the
position of the pelvis in the sagittal plane and the lumbar
curvature, in which the lowest lumbar angle was corresponding
to a pelvis in anteversion and balanced respectively. Other
studies also show a strong correlation between lumbar lordosis
and pelvic positioning.(30,31) However, the association between
pelvic positioning and the variables age, gender, body mass
and Thomas test was not observed.
Finally, with regard to flexibility, girls obtained better results
than boys, corroborating with other studies.(32,33) In addition,
five-year-olds were more flexible than six-year-olds children,
agreeing with the study of Murray et al(34), which describes that
children have inherently greater range of motion than adults.
Significant difference was found between flexibility and pelvic
positioning, children with balanced pelvis were more flexible
than children with pelvis in retroversion.
Thus, the study did not detect changes in lumbar lordosis
angulation, especially when related to age, gender and body
mass. However, the relationship between lumbar lordosis
and pelvic balance can be observed. In addition, difference
in flexibility was presented among children with respect to
gender and age. High index of pelvic in retroversion was
identified in the sample, which may be related to the prolonged
time in improperly seated posture, which can also generate
muscular retractions, mainly of the hamstrings muscles.
Thus, the results of the study point to changes in pelvic
positioning, which may lead to early postural changes and
may have repercussions in adult life. Therefore, educational
programs should be adopted early in schools, including
parents, teachers and children through guidelines for the
development of healthy postural habits.
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