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Abstract

Introduction: Few studies describe growth-related pos-

tural adaptations up to adolescence, possibly due to the 

lack of reference values for this population. Objective: 

To establish reference values for static postural assess-

ment using photogrammetry in the sagittal plane for 

healthy children and adolescents, focusing on the head, 

shoulder, spine, pelvis, and knee segments. Methods: 

A total of 492 schoolchildren from Rio Grande do Sul 

state, Brazil, of both sexes and aged 7 to 17 years, were 

assessed through anamnesis and static postural evalua-

tion. Photographs were analyzed using DIPA© software, 

which provided postural variables (in degrees): head pos-

ture, shoulder posture, and cervical, thoracic, and lum-

bar curvature angles, and pelvic and knee alignment. 

Descriptive statistics and factorial ANOVA for indepen-

dent multivariable analysis were performed. Results: 

Biological maturation level did not influence any of the 

postural variables. Reference values for head posture 

and cervical spine angle were 43.7º – 56.6º and 30.8º –

50.6º, respectively, across all age groups. The remaining 

postural variables were affected differently depending 

on sex and age group. Conclusion: This study provides 

reference values for sagittal plane posture in children 

and adolescents, based on means and standard devia-

tions (corresponding to the 15th and 85th percentiles) 

of postural variables, which may support future assess-

ments using photogrammetry in this population.
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Introduction

It is widely recognized that standing sagittal pos-

ture evolves with growth.1 Just as early childhood is a 

sensitive period for the development of sagittal pos-

tural patterns, the adolescent growth spurt is a critical 

period for the evolution of the musculoskeletal sys-

tem and axial growth.2 Nevertheless, knowledge of the 

postural behavior of pre-pubescent children, a phase 

during which both sexes are relatively homogeneous 

in terms of sexual and skeletal maturity,3,4 may help ex-

plain later differences, particularly in relation to sex, age 

group, and peak growth velocity (PGV) or biological 

maturation.5 These issues highlight the importance of 

understanding postural behavior across different growth 

phases.

In this context, to the best of our knowledge, there 

are limitations in the existing evidence aiming to de-

monstrate these growth-related adaptations in body 

posture. This is believed to be related to the absence 

of studies presenting reference values for postural as-

sessments based on the body surface, as in the case 

of photogrammetry. It is understood that establishing 

reference values for photogrammetric postural assess-

ments increases the chances of early identification of 

postural changes and, consequently, can contribute to 

improving preventive intervention strategies.

Given the above, the aim of this study was to des-

cribe reference values for static body posture in the 

sagittal plane, using the photogrammetric method, in 

healthy children and adolescents, focusing on the head, 

shoulder, spinal column, pelvis, and knee segments. The 

hypothesis is that these reference values vary accord-

ing to sex, age group, and biological maturation level.

 

Methods

This is an epidemiological, cross-sectional study 

conducted with schoolchildren (aged 7 to 17 years) of 

both sexes, enrolled from the 1st year of elementary 

school to the 3rd year of high school in public schools 

in the state of Rio Grande do Sul, Brazil. The study 

was approved by the Research Ethics Committee of 

the Federal University of Rio Grande do Sul (CAAE: 

66854917.9.0000.5347) and followed the Strengthening 

the Reporting of Observational Studies in Epidemiology 

(STROBE) guidelines.6

Sample definition

Sample size was calculated using G*Power soft-

ware, applying the F-test family with an effect size of 

0.25, alpha error of 0.05, statistical power of 0.95, 10 

degrees of freedom (based on possible combinations 

of the factors sex, age group, and biological maturation 

level), and seven groups (representing the number of

postural variables analyzed). This resulted in a minimum

sample size of 400 individuals. Based on the population 

distribution of students enrolled in the public education 

system of Rio Grande do Sul,7 the sample was stratified 

by mesoregion and age group and equally divided by 

sex. To compensate for possible losses, refusals, and 

stratification requirements, the minimum sample size 

was adjusted to 466 participants.

Resumo

Introdução: Poucos são os estudos que descrevem as adap-

tações de crescimento relacionadas à postura corporal até a 

adolescência, talvez pela inexistência de valores de referência 

para esse público. Objetivo: Descrever valores de referência 

para o método fotogramétrico da postura corporal estática no 

plano sagital, para crianças e adolescentes saudáveis, para os 

segmentos cabeça, ombro, coluna vertebral pelve e joelho. 

Métodos: Foram avaliados 492 escolares gaúchos de ambos 

os sexos, entre 7 e 17 anos, por anamnese e avaliação postu-

ral estática. As fotografias foram analisadas no software DIPA©,

que forneceu as variáveis posturais (em graus): postura da ca-

beça, postura do ombro, ângulo das curvaturas cervical, torá-

cica e lombar, postura da pelve e do joelho. Realizou-se es-

tatística descritiva e ANOVA com delineamento fatorial inde-

pendente para multivariáveis. Resultados: O nível de matura-

ção biológica não influenciou nenhuma das variáveis postu-

rais. Para a postura da cabeça e da coluna cervical, os valores 

de referência são 43,7º - 56,6º e 30,8º - 50,6º, respectivamente, 

abrangendo todas as faixas etárias. As demais variáveis pos-

turais foram diferentemente influenciadas pelo sexo e faixa 

etária. Conclusão: O estudo apresenta valores de referência 

para a postura no plano sagital de crianças e adolescentes 

a partir da média e desvio-padrão (nos percentis 15% e 85%) 

das variáveis posturais, os quais poderão subsidiar futuras 

avaliações com o método fotogrametria nesse público. 

Palavras-chave: Postura. Fotogrametria. Valores de referência. 

Estudantes.
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Invitations were sent to ten schools in different 

cities across all mesoregions of Rio Grande do Sul. 

Seven schools agreed to participate and were located 

in the following cities: São João do Polêsine (Central-

Western mesoregion), Teutônia (Central-Eastern), Porto 

Alegre (Metropolitan), Nova Prata (Northeast), Casca 

(Northwest), Pelotas (Southeast), and Itaqui (Southwest).

Students were recruited directly at the seven parti-

cipating schools, through printed invitations delivered 

to school administrators. Each school was responsi-

ble for forwarding the invitation to the parents or 

guardians of the children and adolescents, between 

May and November 2017. All students were invited 

to participate, but only those whose legal guardians 

signed the informed consent form were included in 

the study. Exclusion criteria were participation in com-

petitive sports activities, obesity (body mass index > 

30), and neuromusculoskeletal disorders.

Data collection

All assessments were conducted by a team of 

healthcare professionals, including graduates and/or 

undergraduates in physiotherapy, physical education, 

and/or chiropractic, with experience in research involv-

ing children and adolescents. The team received 20 

hours of training on the assessment procedures.

The assessment took place at the physical facilities 

of each participating school and consisted of: (1) anam-

nesis (sex, date of birth, participation or not in compe-

titive physical activity, standing and seated body mass 

and height); biological maturation level was determined

based on PGV8 analysis; and (2) static postural assess-

ment in the sagittal plane.8 Each student was assigned 

a numerical identification code, which was used in all 

assessment procedures.

Postural assessment was performed using the pho-

togrammetry technique, following the protocol of the

Digital Image-based Postural Assessment (DIPA©) soft-

ware, which exhibits intra and interrater reproducibi-

lity.9 Prior to image acquisition, the anatomical points 

of interest were identified by spherical or rod-shaped 

markers (for vertebral spinous processes). Two spheri-

cal markers were placed on a plumb line, one meter 

apart, to serve as a metric reference for image calibra-

tion. Photographs were taken using a digital camera 

(Sony® DSC-W510, 12.1 megapixels) mounted on a 

height-adjustable tripod. The photographs were ana-

lyzed and digitized using DIPA© software (version 3.3) 

by one of the researchers after data collection was 

completed. The pos-tural variables generated by the 

software were head position, shoulder posture, cervical, 

thoracic, and lumbar curvature angles, pelvis position, 

and knee posture. These postural variables were ta-

bulated in Microsoft® Office Excel (version 2016) by a 

professional who did not participate in the assessments.

Data analysis/treatment

Statistical analyses were performed using SPSS 

software (version 20.0), with a significance level of 

0.05 for all tests. Initially, descriptive exploratory ana-

lyses were conducted to characterize the sample, in-

cluding means and standard deviations (SD). To assess 

the influence of sex (male and female), age group 

(7 to 9, 10 to 14, and 15 to 17 years), and biologi-

cal maturation level (pre-PGV, during PGV, and post-

PGV), on each postural variable, factorial ANOVA inde-

pendent multivariate variables (α = 0.05) was applied. 

The assumption of equal variances was verified using 

Levene's test, and the respective effect sizes (r) were cal-

culated (small: r = 0.100 to 0.300; medium: r > 0.300 to

0.500; large: r > 0.500).10 Furthermore, Bonferroni's post 

hoc test was applied to identify significant differences.

Once the influencing factors for each postural vari-

able were established, descriptive statistics (mean, SD, 

minimum, maximum, confidence intervals, and percen-

tiles) were used to determine reference values. The 15th

and 85th percentiles were considered, with the lower 

limit approximating the mean minus one SD, corres-

ponding to the 15th percentile, and the upper limit 

the mean plus one SD, corresponding to the 85th 

percentile. This approach aligns with the World Health 

Organization criteria related to child and adolescent 

growth and development.11

 

Results 

A total of 567 schoolchildren were assessed, but 

only 492 (mean weight: 46.1 ± 15.3 kg; mean height: 

153.8 ± 16.7 cm) were included in the analyses after ap-

plying the exclusion criteria (Figure 1). Inferential analy-

ses were performed to determine whether factors sex, 

age group, and biological maturation level influenced 

each of the postural variables analyzed, and to describe 

reference values based on the influences observed, as 

presented in Table 1. 
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Figure 1 - Sample inclusion flowchart - students from Rio Grande do Sul, Brazil, 2017.

Table 1 - Comparison of means considering sex, age group, and biological maturation level of students from Rio 

Grande do Sul, Brazil, 2017

Postural variable Overall model Sex AG BML Sex*AG Sex*BML AG*BML

Head position F(10) = 3.891 
p < 0.001
r = 0.290#

F(1) = 0.262 
p = 0.609
r = 0.030

F(2) = 0.456
p = 0.634 
r = 0.040

F(2) = 0.447
p = 0.640
r = 0.040

F(2) = 0.485
p = 0.616
r = 0.040

F(2) = 1.532
p = 0.217
r = 0.080

F(1) = 0.341
p = 0.560
r = 0.030

Shoulder posture F(10) = 3.274
p < 0.001
r = 0.260#

F(1) = 0.385
p = 0.535
r = 0.030

F(2) = 4.053
p = 0.018
r = 0.130#

F(2) = 0.234
p = 0.791
r = 0.030

F(2) = 0.044
p = 0.957
r = 0.000

F(2) = 1.159
p = 0.315
r = 0.070

F(1) = 3.139
p = 0.077
r = 0.080

Cervical curve 
angle

F(10) = 0.266
p = 0.988
r = 0.080

F(1) = 0.127
p = 0.722 
r = 0.000

F(2) = 0.090
p = 0.914
r = 0.000

F(2) = 0.368
p = 0.692
r = 0.040

F(2) = 0.009 
p = 0.991
r = 0.000

F(2) = 0.230
p = 0.795
r = 0.030

F(1)=0.006
p = 0.941 
r = 0.000

Dorsal curve 
angle

F(10) = 7.564
p < 0.001
r = 0.380#

F(1) = 24.255
p <  0.001
r = 0.230#

F(2) = 14.092
p < 0.001
r = 0.250#

F(2) = 1.178 
p = 0.309
r = 0.070

F(2) = 3.041
p = 0.049
r = 0.120#

F(2) = 2.709
p = 0.068
r = 0.110

F(1) = 1.076
p = 0.300
r = 0.040

Lumbar curve 
angle

F(10) = 5.974
p < 0.001
r = 0.350#

F(1) = 7.480
p = 0.006
r = 0.130#

F(2) = 0.154
p = 0.857
r = 0.030

F(2) = 0.726 
p = 0.485
r = 0.050

F(2) = 0.151
p = 0.860
r = 0.030

F(2) = 0.690
p = 0.502
r = 0.050

F(1) = 0.948
p = 0.331
r = 0.040

Pelvis position F(10) = 4.776
p < 0.001
r = 0.310#

F(1) = 13.190
p < 0.001
r = 0.170#

F(2) = 2.342
p = 0.097
r = 0.100

F(2) = 0.205
p = 0.815
r = 0.030

F(2) = 0.432 
p = 0.649
r = 0.040

F(2) = 0.159
p = 0.853
r = 0.030

F(1) = 0.079
p = 0.079
r = 0.080

Knee posture F(10) = 2.622 
p = 0.004
r = 0.260#

F(1) = 0.385
p = 0.535
r = 0.030

F(2) = 0.297
p = 0.743
r = 0.030

F(2) = 0.250 
p = 0.779
r = 0.030

F(2) = 4.022
p = 0.019
r = 0.130#

F(2) = 2.646
p = 0.072
r = 0.110

F(1) = 2.037
p = 0.154
r = 0.070

Note: ANOVA with independent factorial design for multivariables (α = 0.05). Interaction analysis for sex x age group (AG) x biological maturation 

level (BML) could not be performed due to category granularity. *Interaction. #Statistically significant (p < 0.05). A

Recruitment at the schools (n = 567)

Mesoregions

Central East (n = 23)
Central West (n = 53)

Metropolitan (n = 265)
Northeast (n = 44)
Northwest (n = 88)
Southwest (n = 47)
Southeast (n = 47)

Student population
(n = 1,178,750)

Sample calculation
(n = 400)

Excluded (n = 75)

Competitive physical 

activity (n = 33)

Obese (n = 42)

Sex

Boys (n = 242)
Girls (n = 250)

Sample included 
in the study (n = 492)

Age group

7 to 9 years (n = 127)
10 to 14 years (n = 235)
15 to 17 years (n = 130)
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and 10–14 vs. 15–17 years: p < 0.001 As such, head 

position was stratified only by age group to establish 

reference values. For shoulder posture, the overall 

model also showed a statistically significant difference. 

Sig-nificant differences related were found between 

7–9 vs. 10–14 years: p = 0.001 and 7–9 vs. 15–17 years: 

p < 0.001. No significant difference was observed be-

tween 10–14 and 15–17 years (p = 0.083). Therefore, 

the reference values for shoulder posture were also 

proposed based solely on age group (Table 2).

Overall, the biological maturation level did not in-

fluence any of the postural variables, whereas sex and 

age group showed varied but small effect sizes.

For head position, a statistically significant difference 

was found in the overall model. However, no significant 

differences were observed when analyzing the factors 

independently or through their interactions. Nonethe-

less, the Bonferroni post hoc analysis indicated signi-

ficant differences between the age groups: 7–9 vs. 10–

14 years: p = 0.001; 7–9 vs. 15–17 years: p = 0.002; 

Table 2 - Proposed reference values (in degrees) stratified by age group for the variables head position and 

shoulder posture in schoolchildren from Rio Grande do Sul, Brazil, 2017

Head position

AG M ± SD Min Max 95CI% 10º 15º 20º 50º 80º 85º 90º RV

7 - 9 49.3 ± 5.3 37.0 62.0 48.3 - 50.2 42.0 43.0 44.0 49.0 54.0 54.4 56.0 44.0 - 54.6

10 - 14 48.9 ± 5.2 36.0 60.0 48.2 - 49.6 42.0 43.0 44.0 49.0 53.8 55.0 56.0 43.7 – 54.1

15 - 17 51.5 ± 5.1 36.0 63.0 50.6 - 52.4 44.9 46.3 48.0 52.0 56.0 57.0 59.0 46.4 – 56.6

Shoulder posture

7 - 9 64.5 ± 11.8 34.0 87.9 62.4 - 66.6 48.8 54.0 56.3 65.4 75.8 77.5 80.7 52.7 – 76.3

10 - 14 69.2 ± 11.9 35.7 90.0 67.7 - 70.8 53.4 57.0 58.8 69.9 79.9 82.7 84.7 57.3 – 81.1

15 - 17 72.8 ± 13.9 34.1 90.0 70.3 - 75.2 51.4 57.7 61.4 74.9 85.3 87.2 88.3 58.9 – 85.9

Note: AG = age group (years); M ± SD = mean ± standard deviation; Min = minimum; Max = maximum; CI = confidence interval; RV = reference value; 

10o to 90o = percentiles.

The cervical curvature angle was not influenced by 

any of the analyzed factors (sex, age group, and biolo-

gical maturation level), indicating no need to specify 

distinct reference values based on these factors. There-

fore, the reference range for the cervical curvature an-

gle is 30.8° to 50.6° (mean ± SD: 40.7 ± 9.9°; minimum: 

17°; maximum: 66°; 95% CI: 39.8°- 41.6°; percentiles: 10 

= 28°; 15 = 31°; 20 = 33°; 50 = 40°; 80 = 49°; 85 = 51°; 

90 = 54°; normative value: 30.8º - 50.6º).

By contrast, the dorsal curvature angle was influ-

enced by sex (boys versus girls: p < 0.001) and age 

group (7 to 9 years versus 10 to 14 years: p < 0.001; 7 to

9 years versus 15 to 17 years: p = 0.598; 10 to 14 years

versus 15 to 17 years: p = 0.006), showing an interac-

tion between them (p = 0.049). Thus, reference values for

the dorsal curvature angle were established account-

ing for this influence (Table 3). Similarly, knee pos-

ture showed a statistically significant difference in the

overall model and an interaction between sex and age 

group (p = 0.019), so its re-ference values reflect both

factors (Table 3). The variables lumbar curvature angle

and pelvic position were influenced only by sex; accor-

dingly, their reference values are presented separately 

for boys and girls (p < 0.001) (Table 4).

Discussion

Initially, it was believed that determining reference 

values for static sagittal plane body posture in children 

and adolescents, using photogrammetry, would require 

accounting for factors such as sex, age group, and 

biological maturation level. The results of the present 

study partially support this hypothesis, demonstrating 

that only sex and age group appear to have some ef-

fect on postural variables.
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Schlösser et al.,1 who used radiographs to assess spi-

nopelvic alignment in boys (n = 57) and girls (n = 99) 

aged 7 to 18, both before and after the adolescent 

growth spurt, and observed differences between these 

periods.

Although age group showed a minimal effect on 

head position (r = 0.04), there was a statistically signifi-

cant difference in the mean values between the 7 to 9

It is important to remember that the pubertal growth 

spurt occurs earlier in girls, lasting from ages 9 to 13, 

with a peak at age 11. In boys, it occurs from ages 11 

to 15, peaking at age 13.12 In both sexes, growth may 

continue at a reduced rate for a few more years.12,13 

However, these aspects do not seem to have a direct 

effect on sagittal plane body posture, according to 

the findings of the present study. This contrasts with 

Table 3 - Proposed reference values stratified by sex and age group for the variables thoracic curvature angle 

and knee posture in schoolchildren from Rio Grande do Sul, Brazil, 2017

Dorsal curvature angle - Boys

AG M ± SD Min Max 95CI% 10º 15º 20º 50º 80º 85º 90º RV

7 - 9 41.8 ± 8.6 24.0 59.0 39.7 – 43.9 28.0 32.0 34.0 43.0 48.8 51.1 53.0 33.2 – 50.4

10 - 14 44.8 ± 8.0 19.0 63.0 43.3 – 46.4 34.1 37.6 38.2 46.0 51.0 52.0 54.9 36.8 – 52.8

15 - 17 43.4 ± 9.4 19.0 62.0 41.1 – 45.8 30.2 33.0 35.0 45.0 53.0 54.0 55.4 34.0 – 52.8

Dorsal curvature angle - Girls

7 - 9 35.7 ± 9.6 17.0 56.0 33.3 – 38.2 23.4 25.3 27.0 35.0 43.6 48.4 51.0 26.1 – 45.3

10 - 14 43.0 ± 9.2 19.0 63.0 41.3 – 44.6 31.0 35.0 36.0 43.0 52.0 53.0 55.0 33.8 – 52.2

15 - 17 36.7 ± 9.3 18.0 56.0 34.4 – 39.1 26.0 26.4 28.0 36.5 46.0 47.1 50.0 27.4 – 46.0

Knee posture - Boys

7 - 9 173.1 ± 6.0 160.0 186.0 171.6 – 174.6 165.0 166.4 167.6 173.0 178.0 180.0 182.0 167.1 – 179.1

10 - 14 172.3 ± 4.6 161.0 184.0 171.5 – 173.2 166.1 168.0 168.2 172.0 176.0 177.0 179.9 167.7 – 176.9

15 - 17 174.0 ± 4.5 164.0 187.0 172.9 – 175.1 167.7 169.0 170.0 174.0 178.0 178.0 180.0 169.5 – 178.5

Knee posture - Girls

7 - 9 173.2 ± 4.9 162.0 182.0 172.0 – 174.5 167.0 167.3 169.0 173.0 178.0 180.0 180.0 168.3 – 178.1

10 - 14 174.9 ± 4.8 165.0 186.0 174.0 – 175.7 168.3 170.0 171.0 175.0 179.0 180.0 181.7 170.1 – 179.7

15 - 17 173.9 ± 5.4 161.0 184.0 172.6 – 175.3 167.0 168.0 170.0 174.0 178.0 180.0 182.0 168.5 – 179.3

Note: AG = age group (years); M ± SD = mean ± standard deviation; Min = minimum; Max = maximum; CI = confidence interval; RV = reference value; 

10o to 90o = percentiles.

Table 4 - Proposed reference values stratified by sex and age group for the variables lumbar curvature angle 

and pelvic position in schoolchildren from Rio Grande do Sul, Brazil, 2017

Lumbar curvature angle 

Sex M ± SD Min Max 95CI% 10º 15º 20º 50º 80º 85º 90º RV

Boys 38.4 ± 3.5 33.0 48.0 37.9 - 38.8 34.0 34.0 35.0 38.0 42.0 42.0 43.0 34.9 – 41.9

Girls 40.0 ± 4.1 33.0 50.0 39.4 - 40.4 34.0 35.0 36.0 40.0 44.0 45.0 46.0 35.9 – 44.1

Pelvic position

Boys 12.6 ± 4.8 1.0 24.3 12.0 - 13.2 6.1 7.5 8.3 12.9 17.1 18.0 18.6 7.8 – 17.4

Girls 14.7 ± 4.9 1.2 26.7 14.1 - 15.3 8.6 10.0 11.0 14.6 19.1 19.9 21.0 9.8 – 19.6

Note: AG = age group (years); M ± SD = mean ± standard deviation; Min = minimum; Max = maximum; CI = confidence interval; RV = reference value; 

10o to 90o = percentiles.
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Additionally, a possible association exists between 

medial shoulder rotation and scapular abduction, which

might contribute to postural tendencies like shoulder 

protraction.12 This association suggests the involvement 

of other anatomical structures and planes of assess-

ment not captured by the photogrammetric images 

acquired solely in the sagittal plane in this study. This 

could be a limitation, indicating a need for caution 

when extrapolating our findings and highlighting the 

need for studies investigating more comprehensive me-

thods to assess this postural variable.

With respect to the spinal column, each region ap-

pears to be influenced differently. It is important to 

note that changes in the curvatures of one spinal re-

gion tend to lead to compensatory changes in adja-

cent or distant regions. The gold standard for spinal 

assessment is the Cobb angle measured from radio-

graphic images.22 Although radiography was not used 

in this study, the angular values for spinal curvatures 

provided by DIPA© software have confirmed validity 

against this gold standard, with a measurement error 

of less than 1°.23

In a recent systematic review, reference values for 

dorsal curvature angle assessed via radiographs were 

proposed, suggesting an increase in curvature with 

age.24 This finding resembles the results observed in 

the present study; however, the reference values pro-

posed by Furlanetto et al.22 cover a range of approxi-

mately 10º, which differs substantially from the appro-

ximately 20º range found in this study between the 

upper and lower limits. With respect to the lumbar 

curvature angle, values from both studies are similar, 

although the systematic review24 summarized data con-

sidering age group as a factor, which we observed to 

have no influence.

The evaluated factors showed no statistically signi-

ficant effects on the cervical curvature angle, which 

therefore has generalized reference values for chil-

dren and adolescents (reference values: 30.8 – 50.6º). 

The angular stability of this curvature during growth 

has been described in the literature,21 since it is the 

first spinal curvature to stabilize.25 Conversely, the dor-

sal curvature angle appears to be influenced by a 

small but statistically significant interaction effect be-

tween age group and sex (r = 0.120). For both sexes, 

angular variation follows a similar pattern, with an in-

crease from the 7 to 9-year group (reference values: 

boys = 33.2 – 50.4º; girls = 26.1 – 45.3º) to the 10 to 14-

year group (boys = 36.8 – 52.8º; girls = 33.8 – 52.2º). 

years and 10 to 14 years age groups compared to 

the 15 to 17 years group. There was a slight decrease 

from 7 to 9 years (reference value: 44 - 54.6º) to 10 to 

14 years (reference value: 43.7 - 54.1º), followed by a 

noticeable and slight increase when comparing these 

age groups with 15 to 17 years (reference value: 46.4 

- 56.6º). The influence of age group, coupled with the 

absence of sex-related interference, is consistent with 

previous literature.4,14

The reference values for head position in the adult 

population, as proposed by Cureton Jr.,15 range from 

50º to 60º. More recently, Pivotto et al.16 compared 

photogrammetric findings, using those reference va-

lues, with radiographic results and observed a strong 

correlation between the two methods. In the present 

study, values ranged from a minimum of 43.7º to a 

maximum of 56.6º, covering all age groups. The dif-

ference between findings may indicate that postural 

changes occur after the age of 17, given that the 

adult reference values are slightly higher, highlighting 

the influence of age group as a contributing factor. It 

is important to note that the range proposed here 

aligns with those commonly reported in studies involv-

ing healthy children and adolescents.17,18

Although the effect size of age group on shoulder 

posture is small (r = 0.13), it is statistically significant. 

Mean values appear to gradually increase with age, 

suggesting a trend toward a more protracted shoul-

der posture over time (reference values: 7 to 9 years 

= 52.7 – 76.3º, 10 to 14 years = 57.3 – 81.1º, and 15 

to 17 years = 58.9 – 85.9º). Currently, there is no esta-

blished on normal shoulder posture ranges in either 

photogrammetry or radiography. However, studies con-

ducted with healthy children and adolescents have 

found mean values similar to those proposed in the 

present study.18,19

As children grow, there is a greater postural dis-

placement of segments (head and shoulder) from the 

vertical reference. This is likely due to changes in body 

proportions and compensatory movements aimed at 

maintaining balance,12,13,30 which corroborates the ob-

servations in this study. It is also known that during 

childhood and adolescence, a period of significant 

growth, many psychological, emotional, and social trans-

formations occur. These are crucial for individual de-

velopment21 and can sometimes lead to the adoption 

of more "closed-off" postures. This could potentially ex-

plain the findings related to shoulder posture, although 

more research is needed for complete elucidation.18
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given that femoral positioning (rotations) may affect the

anatomical point markings in the sagittal plane, poten-

tially leading to inaccurate measurements.

When comparing infants (30 to 60º), children (25 to 

30º), and adults 12 to 15º), Ishida and Kuwajim31 obser-

ved variations in the femoral neck anteversion angle on

radiographs. Internal femoral rotation may increase the 

prominence of greater trochanter of the femur, while 

also altering the orientation of the lateral femoral con-

dyle and malleolus, potentially generating smaller an-

gles that falsely suggest knee flexion. This highlights 

the need for cautious interpretation, since photogram-

metric assessments, regardless of the software used, are 

limited to a single plane (sagittal) and do not account 

for transverse rotations.

With regard to factors that appear to influence body 

posture, some authors suggest that body mass index 

(BMI) may be the most consistent determinant of sagit-

tal posture development. It is believed that adiposity 

causes plastic deformation of spinopelvic structures in

early life stages, enabling the tracking of specific sagit-

tal patterns throughout life.3,5 However, caution is nec-

essary when performing assessments via body surface 

measurements, since tissue thickness, from palpation to 

image analysis, can influence results and compromise 

data quality and extrapolation.

Considering evidence from the literature indicating 

that identifying changes in spinal shape, height, and bo-

dy mass may reflect phenotypic shifts over time, there is 

support for the idea that reference values should be 

updated periodically, as posture continuously evolves.25,32 

Therefore, it is suggested that future studies compare 

the reference values proposed here with those from 

individuals with BMI values outside the normal range 

established in the literature, to verify the true influence 

of this factor. The present study, however, was limited 

to proposing reference values for individuals with nor-

mal BMI.

In terms of the internal validity of the study, which 

relates to the quality of its planning and execution, in-

cluding data collection and analysis, all feasible inter-

vening factors were controlled. To minimize potential 

errors and/or biases during the study, the assessment 

team underwent rigorous training, a validated and re-

producible photogrammetry technique was used, ima-

ges were coded for anonymity, and data were tabulated 

by a researcher not belonging to the assessment team. 

Additionally, sample eligibility was controlled for BMI 

limits and competitive physical activity.

When comparing to the 15 to 17-year group, a 

decrease is observed (reference value: boys = 34.0 – 

52.8º; girls = 27.4 – 46.0º), with mean values returning 

close to those seen in the 7 to 9-year group. Mean 

values were consistently higher in boys, which contrasts 

with radiographic findings by Cil et al.,26 who reported 

the opposite trend across age groups.

Our findings corroborate those of Poussa et al.,27 

who studied spinal posture development in a cohort 

of 1,060 individuals aged 11 to 22 years. Using a pan-

tograph for assessment, they found that thoracic ky-

phosis was more prominent in males at all ages, with 

a progressive increase over time, a trend that diver-

ges from the findings of the present study.27 Never-

theless, other studies have observed similar behavior 

to that reported here regarding the influence of sex 

and age group on this variable.2,28

Sex also has a small but statistically significant ef-

fect on the lumbar curvature angle (r = 0.130). Girls (re-

ference value: 35.9 - 44.1º) exhibit larger angles and 

angular variations than boys (reference value: 34.9 - 

41.9º). This aligns with observations by Poussa et al.,27 

Dolphens et al.,2 and Grabara et al.25 The last authors, 

however, also noted an influence of age group.25 The 

same behavior is observed in the pelvis, supporting 

existing literature that indicates a direct relationship 

between these two segments.29

In relation to pelvic position, there is a small but 

statistically significant effect of sex (r = 0.170), with girls 

showing a larger angular value (reference value: 9.8 

- 19.6º) than boys (reference value: 7.8 - 17.4º), which 

aligns with findings in the literature.30 However, an ef-

fect of age group was expected, since pelvic antever-

sion is typically observed in children up to 9 years old, 

with the pelvis tending to adopt smaller angles there-

after.19,30 Although no statistically significant influence 

of age group was observed, a qualitative analysis of 

the average values reveals they are indeed slightly 

higher up to 9 years (7 to 9 years = 14.4 ± 5.0º; 10 to 

14 years = 13.7 ± 5.0º; 15 to 17 years = 12.9 ± 4.8º).

Knee posture appears to be subject to a statistically 

significant, albeit small, effect of both sex and age group 

(r = 0.13) While this subtle effect was not identified in 

the post hoc analyses, average values suggest distinct 

patterns by sex in relation to age group. In boys, there 

appears to be a decrease with age followed by an in-

crease, while among girls, the opposite occurs: an in-

crease followed by a decrease. For this variable, caution 

is advised in interpreting the results of the current study,
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