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Abstract 
 

Since 1970, the Moiré phenomenon has been employed as a method 

of clinical diagnosis in topographical analyses of the human body. This 

study aimed to evaluate the trunk posture of the elderly population in 

South Brazil using Shadow Moiré Technique (SMT). This is a cross-

sectional, observational, exploratory and randomized study. SMT was 

applied to people over 60 years (n= 444; 331 women and 113 men) living 

in Porto Alegre-RS, Brazil. Lateral deviations of the thoracic spine, the 

alignment of scapula in the frontal and transverse planes, and the depth of 

torso were assessed. The data was presented as mean, standard deviation 

and percentiles (P5, P10, P25, P50, P75, P90, P95). Age and gender 

differences were tested using 2-way ANOVA followed by the Bonferroni 

post-hoc test whenever indicated (p ≤ 0.05). The results for men showed a 

reduction in scapular alignment with progressive age, whereas this 

commenced in women only from 80 years of age. In relation to gender 

differences, men and women showed similarities in this variable for all 

ages. Thoracic kyphosis showed increases with age for men and women, 

and no statistical differences were found between genders. The age group 

60-69 years showed statistical differences on right side gibosity 

(p=0.002), whilst for the left side, there were gender differences for the 

60-69 years (p=0.000) and 70-79 years (p=0.016) age groups. There was 

no relationship between: the scapular alignment on frontal plane and 

angular spine variation on frontal plane; alignment between scapulas on 

transverse plane and angular spine variation on frontal plane of men and 

women. The results showed that SMT was useful for the evaluation of 

trunk deformities in the elderly.  

 

Keywords: Moiré Topography; Aged; Posture 

 

 

Introduction 
 

Postural deviations become worse with age due to a combination of 

factors such as the onset of osteoporosis [1], degeneration of intervertebral 

discs [2] (Zhao
 
et al., 2007), weakness of musculoskeletal system [3], and 

accumulated vertebral fractures, especially in frail elderly people [4]. The 

aging process is associated with spine changes in the sagittal plane, reflecting 

on vertebral segments and posture [5]. Discomfort caused by postural 

deviations may impact on the ability to perform daily living activities, 

therefore jeopardizing autonomy and quality of life [6]. 
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Hence, posture evaluation would seem to be an important aspect of health 

promotion throughout aging. Prior knowledge of potential postural deviations 

may help in the design of specific rehabilitation programs for the elderly [7, 

8]. From a broader perspective, population-based studies are thought to 

provide more general epidemiologic data on the profile of postural deviations 

in a given cohort, which can help when determining their probable cause and 

developing prevention strategies [9]. Such population-based studies are 

accessible for many different countries [10], but unfortunately data concerning 

the Brazilian population in particular is scarce.  

This is problematic as the elderly population of Brazil is increasing. The 

number of citizens aged 60 years and above reached 21 million in 2009 and it 

is estimated that by 2050, they will make up 30% of the total population [11]. 

The average life expectancy of Brazilians increased from 45.5 years in 1940 to 

72.7 years in 2008, meaning an additional 27.2 years of life. According to 

official projections [12], this figure will continue to increase and will reach 

81.3 years by 2050, nearly equaling the current figures for Iceland (81.8 years) 

and Japan (82.6 years). Therefore, conducting further population-based studies 

on the postural characteristics of the elderly in Brazil would be useful. 

The Shadow Moiré Technique (SMT) is a non-invasive optical technique 

that may be used for the detection and follow up of spinal deformities, such as 

scoliosis [13]. Moiré topography has been used to assess the posture of young 

people in the detection of deformations of the trunk [14-16]. This topographic 

method is low-cost and radiation free, enabling many subjects to be evaluated 

over a short time period [16]. The SMT technique can, in fact, replace 

assessment via X-ray and is acknowledged as a complementary method for 

upper body deformity diagnosis [15, 17, 18]. The procedure does not require 

highly trained professionals for its application [16, 19], and previous studies 

have demonstrated that the method is easily reproducible. The technique has 

already been used as a tool for qualitative diagnosis [15, 16].  

However, there appears to be a lack of population-based studies using this 

technique, particularly in elderly populations [20, 21]. One of the possible 

limiting factors for the use of this technique in epidemiologic studies may be 

the fatigue associated with the manual visual inspection of the Moiré fringes 

[20], which can lead to misinterpretation. A more widespread use of SMT may 

occur when the task of interpreting the topograms has become automated. 

Development of automated strategies for analyzing the Moiré patterns would 

increase the potential application of the SMT in population-based research [16, 

20, 22].  
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 Thus, the present study aimed to assess trunk postural deviations in the 

frontal, sagittal and transverse planes using the SMT, in a cohort of men and 

women aged 60 years and above living in the city of Porto Alegre (southern 

Brazil). Additionally, the use of a free-software to analyze the Moiré 

topograms has been tested and validated.  

 

 

Methods 
 

Subjects 
 

The strategies previously employed by the Multidimensional Study of 

Living Conditions of the Elderly [23] were used for sample selection. Initially, 

64 households with older residents were randomly selected and stratified 

proportionally according to the last official census for the city of Porto Alegre 

[24]. The data was assessed in two phases between December 2005 and 

September 2006. In the first phase, 1,164 subjects were interviewed by social 

service professionals about epidemiologic indicators related to housing, family 

composition, social relations, occupation, income, socio-cultural aspects, 

sexuality, aging, health, and activities of daily living. In the second phase, the 

same elderly people were invited to participate in a large and interdisciplinary 

assessment (Architecture and Urbanism, Physical Education, Nursing, 

Pharmacy, Physical Therapy, Geriatrics, Nutrition, and Psychology).  

Only the subjects who accepted and attended the second phase 

participated in the SMT analysis. However, those who were unable to stand for 

the photos were excluded. This resulted in a final sample figure of 331 women 

and 113 men (60-89 years old), to whom the SMT analysis was applied. 

The present study is part of a Multidimensional Study of the Elderly in 

Porto Alegre (MSEPOA), which was approved by institutional Ethics and 

Research Committee (Approval No. 1.066/05-CEP). The volunteers were 

informed about the investigation and signed a consent form authorizing 

disclosure of their data for research. 

 

 

Shadow Moiré Technique Assessment  
 

The SMT assessment was performed using a specific setup including a) 

Moiré reticulum (grid), with intervals of 1mm x 1mm, made with nylon 

threads; b) Digital photographic camera (Brand Canon, Model 7i, Sao Paulo, 
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Brazil); Tripod; Light source of 100W. The SMT arrangement is illustrated in 

the Figure 1. 

 

 

Figure 1. Setup for the application of SMT for postural analysis. 

 

Figure 2. Moiré topogram [25]. 
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Table 1. Anthropometric variables in the elderly assessed with SMT 

 
 Age 

group 

n Mean SD Percentile 

5 10 25 50 75 90 95 

Men  

Body 

mass 

(kg) 

60-69 55 78.7 16.3 55.3 57.7 64.1 78.0 89.5 101.9 110.8 

70-79 45 75.4 16.7 51.2 54.4 65.7 71.3 84.4 96.2 107.9 

80-89 12 68.2 8.5 55.3 55.5 59.3 70.6 75.9 78.7 79.4 

Height 

(cm) 

60-69 55 168.8 7.5 155.3 159.2 163.7 169.3 174.7 179.0 179.2 

70-79 46 166.4 6.8 153.6 157.2 161.9 165.8 170.7 174.6 179.5 

80-89 12 165.9 5.8 158.0 158.4 161.5 165.7 168.7 177.2 179.5 

Women 

Body 

mass 

(kg) 

60-69 153 72 16.9 50.7 54.2 60.5 69.5 80.3 88.6 99.2 

70-79 102 68.4 13.7 46.6 51.3 59.4 68.5 75.6 85.5 94.3 

80-89 40 57.8 11.2 41.4 44.5 49.3 56.9 65.2 74.5 82.4 

Height 

(cm) 

60-69 154 154.8 6.3 143.2 146.4 150.2 155.3 159.5 162.5 164.1 

70-79 103 152.5 9.8 143.1 145.0 148.5 153.0 157.5 162.3 165.1 

80-89 40 150.6 6.6 140.1 141.9 144.7 151.3 155.0 160.5 161.8 

90+ 3 151.2 4.8 148.3 148.3 148.3 148.5 156.7 156.7 156.7 

SD = Standard Deviation. 

n = sample size. 

 

The equipment was calibrated prior to the assessment [17] and the room 

darkened with black cloth and lights turned off. The subjects remained 

barefoot during the test, with their backs exposed and were placed behind the 

grid in a standing position. The back was towards the grid and situated as close 

as possible without actually touching it. Two images of the back were 

obtained, with 256 shades of grey, ranging from 0 (black) to 255 (white) 

(Figure 2). 

The topogram analysis was performed using the free-software Power 

Draw 2D (Vector Application, Tekhnelogos, Istanbul, Turkey). Lateral 

deviations of the thoracic spine, the alignment of scapula in the frontal and 

transverse planes, and the depth of torso were assessed. In order to check for 

the presence of thoracic hyperkyphosis, the number of fringes that appeared 

from the centroid scapulars to C7 were counted, and the result inserted in a 

specific equation to calculate the depth of the fringes [18, 26, 27]. 
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Statistical and Qualitative Analyses 
 

The subjects were stratified into three age groups (60-69, 70-79 and 80-89 

years). Data normality was confirmed by univariate analysis. Anthropometric 

characteristics (body mass and height) were presented as mean, standard 

deviation and percentiles (P5, P10, P25, P50, P75, P90, P95). Similar 

descriptive statistics were also presented for the alignment of both scapula in 

the frontal and transverse planes, and for anteroposterior deviations of the 

thoracic column. Lateral deviations of the spine were classified according to 

the identified concavities (concave to the right or left, and concave-convex to 

the right or left) and showed as histograms. Age and gender differences were 

tested using 2-way ANOVA followed by the Bonferroni post-hoc test 

whenever indicated (p ≤ 0.05). All calculations were performed using the 

software SPSS 11.5 for Windows (SPSS, New York, USA). 

 

 

Figure 3. Classification of concavities in the frontal plane of the spinal column of men. 
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Figure 4. Classification of concavities in the frontal plane of the spinal column of 

women. 

 

Results 
 

The results for the anthropometric variables are showed in Table 1. 

The technique employed for analysis of the topograms did not permit all 

subjects to be evaluated due to limitations in the quality of photographs and/or 

due to the large deformity of the trunk presented by the individual. 

In the frontal plane, classification of lateral deviations of the spine in 

subjects was performed in 70.8% of men (n= 80) and in 42.6% of women (n= 

141) (Figures 3 and 4).  

Analysis of the scapulas in the frontal plane using the procedure of Moiré 

topograms could be made in 75.2% of men studied (n=85) and in 55.9% of 

women (n=185) (Table 2). 

The evaluation of anterior-posterior thoracic curvature could be 

accomplished in 100% of the sample (n=444) (Table 3).  

In the transverse plane, the alignment of the scapular region was 

evaluated, with the results demonstrating the presence of a gibbus in 77.9% of 

men (n=88) and in 82.8% of women (n=274) (Table 4). 
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Table 2. Descriptive results (mean, standard deviation and percentile,  

in degree) of alignment of the scapulas in the frontal plane of the  

elderly in Porto Alegre 

 
 Age 

Group 

(years) 

n Mean 

(degree) 

SD 

(degree) 

Percentile (degree) 

5 10 25 50 75 90 95 

Men 60-69 45 0.2 6.0 -9.00 -7.4 -4.0 0.0 3.0 6.0 10.2 

70-79 36 0.7 5.2 -8.2 -5.3 -3.0 .50 4.0 8.3 10.3 

80-89 4 2.3 3.6 -1.0 -1.0 -0.8 1.5 6.0 7.0 7.0 

Women 60-69 105 0.9 5.8 -9.7 -6.4 -3.0 0.0 4.5 8.4 9.0 

70-79 58 -0.7 5.2 -11.0 -10.1 -4.0 -0.5 3.00 6.0 8.0 

80-89 21 -1.2 6.7 -20.5 -6.6 -5.0 -3.0 3.5 7.0 8.8 

SD = Standard Deviation. 

n = sample size. 

 

Table 3. Descriptive results of anteroposterior deviations (mm) of the 

thoracic column in the elderly of Porto Alegre 

 
 Age 

Group 

(years) 

N Mean 

(mm) 

SD 

(mm) 

Percentile (mm) 

5 10 25 50 75 90 95 

Men 60-69 55 38.1 19.2 0.0 0.0 29.7 39.8 50.0 65.5 66.5 

70-79 46 43.9 22.2 1.7 19.7 29.7 42.3 55.1 70.7 84.7 

80-89 12 44.7 21.2 0.0 8.9 31.0 42.3 55.1 78.1 81.3 

Women 60-69 170 39.8 21.5 0.0 10.3 29.7 39.8 50.0 65.5 76.0 

70-79 114 42.5 24.0 0.0 0.0 29.7 39.8 55.1 68.1 97.2 

80-89 43 42.6 24.7 0.0 0.0 29.7 39.8 60.3 68.6 88.7 

SD = Standard Deviation. 

n = sample size. 

 

 

Gender Influence 
 

When comparing the values of alignment between the scapulas in the 

frontal plane, there were no statistically significant differences encountered 

between genders in the age groups 60-69 years (p = 0.361), 70-79 years (p = 

0.205) and 80-89 years (p = 0.324). 

In regards to the alignment of the scapulas in the transverse plane, the 

right and left scapular regions of the individuals were compared with respect 

to the depth of the areas. When comparing genders, for the right side, the 

results illustrated significant differences in the age group 60-69 years (p = 

0.002), but not between 70-79 years (p = 0.412) and 80-89 years (p = 0.308). 
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For the left side, the results showed statistical differences in the age groups 60-

69 years (p < 0.001) and 70-79 years (p = 0.016), unlike in the age group 80-

89 years (p = 0.065). 

With reference to the kyphotic thoracic arch, the results showed that there 

were no statistically significant differences between men and women in the 

age group 60-69 years (p = 0.901), 70-79 years (p = 0.813) and 80-89 years (p 

= 0.791). 

Table 4. Descriptive results of scapular alignment in the transverse plane 

of the elderly in Porto Alegre 

 
 Age 

Group 

n Mean SD Percentile 

5 10 25 50 75 90 95 

Men            

Nº of centroids 

on right side 

60-69 44 2.8a 1.4 1.0 1.0 2.0 3.0 4.0 5.0 5.0 

70-79 37 2.0a 1.5 0.0 0.0 1.0 2.0 3.0 4.0 4.3 

80-89 4 1.8 0.5 1.0 1.0 1.3 2.0 2.0 2.0 2.0 

 70-79 39 2.3 1.4 1.0 1.0 1.0 2.0 3.0 4.0 5.0 

80-89 4 2.0 0.8 1.0 1.0 1.3 2.0 2.8 3.0 3.0 

Women 

Nº of centroids 

on right side 

60-69b 146 2.1 1.3 0.0 0.0 1.0 2.0 3.0 4.0 4.7 

70-79 93 1.8 1.4 0.0 0.0 1.0 2.0 2.5 4.0 4.0 

80-89b 33 1.4 0.9 0.0 0.0 1.0 1.0 2.0 2.6 3.0 

90+ 2 2.0 1.4 1.0 1.0 1.0 2.0 3.0 3.0 3.0 

Nº of centroids 

on left side 

60-69c 146 1.7 1.1 0.0 0.0 1.0 1.5 2.0 3.0 4.0 

70-79 93 1.6 0.9 0.0 1.0 1.0 2.0 2.0 3.0 3.0 

80-89c 33 1.1 0.9 0.0 0.0 0.5 1.0 2.0 2.6 3.0 

SD = Standard Deviation. 

n = sample size. 
a
p=0.043; 

b
p=0.017; 

c
p=0.019. 

 

 

Discussion 
 

This study aimed to investigate with the use of SMT, postural deviations 

of the trunk observed in the frontal, sagittal and transversal planes, of people 

over the age of 60 living in the city of Porto Alegre, Brazil, linking it to gender 

and age group differences. The major findings were: a) the angular spine 

variation of men in the frontal plane was higher in the 60-69 years group; b) 

this angular spine variation in women presented a tendency to decrease until 

79 years, and increasing from 80 years. Other than this, the data showed no 

statistical differences between genders for postural deviations in the frontal 

plane; c) the men showed a reduction in scapular alignment with progressive 
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aging, whilst with women this started only at 80 years. In relation to gender, 

men and women showed similarities in this variable for all ages; d) thoracic 

kyphosis showed increases with aging for both men and women and no 

statistical difference was found between genders. The age group 60-69 years 

showed statistical differences for right side gibosity (p=0.002), whilst for the 

left side, there were gender differences for the 60-69 years (p=0.000) and 70-

79 years (p=0.016) age groups; e) the thoracic kyphosis increases with aging 

for both genders and showed no significant differences between age groups. 

Since Takasaki [18, 26, 28] demonstrated the various applications for the 

Moiré phenomenon, especially in the clinical area, SMT has begun to be used 

in the detection of spinal deformities [15-17, 19, 22, 27, 29, 30].  

The technique employed for the analyses of the Moiré topograms in this 

study has been used previously [17, 30]. It was not possible to assess all of the 

individuals for all of the pre-established variables using the proposed image 

analysis technique, other than for the depth of kyphotic thoracic curvature. 

Despite this, it did permit the detection of postural alterations in the three 

orthogonal planes. Perhaps the body shape of the subject is a restrictive aspect 

for the use of this technique, since it is based on the inspection of the body 

surface. 

Authors [29, 31] confirm the use of Moiré Topography (MT) for the 

precise determination of characteristics, such as length, depth and angulation 

of body surfaces. Additionally, these studies have shown a correlation with the 

x-ray results [32, 33], making the SMT a useful complementary diagnostic 

tool. 

Some authors consider that difficulties in generating good quality 

topograms can be related to the control of intervening variables in the SMT 

process, and this, consequently, may interfere with the accuracy of 

measurements. These complications can be attributed to the translucent nature 

of the skin being evaluated, the accuracy of the grid construction, and the care 

taken when applying the test, such as making sure the individual does not 

move while the image is taken during the examination [27]. In this study, we 

sought to minimize the errors of interpretation of the Moiré patterns during the 

postural exam through standardizing the placement of volunteers for the test 

and also by the use of trained assessors for the exam, according to guidelines 

in the literature [34]. 

The results of this study indicated some degree of lateral deviation of the 

spine in participants of both sexes. Authors [19] confirmed that MT can also 

detect these two types of scoliosis. The classification of scoliosis using SMT, 

is based primarily on the asymmetry of the Moiré fringes projected onto the 
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back of the individual [27]. The diagnosis of scoliosis by the use of Moiré is 

very variable in the scientific literature. A lack of standardization in 

assessment procedures and of equipment used can be seen, making it difficult 

to compare the results of this study with those obtained by other authors. 

Additionally, the profile of subjects evaluated in this study (the elderly) differs 

from the subject profile commonly considered in most scientific studies 

surveyed (children and adolescents). 

When considering the analysis of Moiré topograms for the scapula region, 

researchers [35] claim that despite the differences in images of the back from 

person to person, there are many common characteristics. It is noted that the 

fringes in the area of the scapular cavity are concentric curves - called 

centroids. The center of the scapula cavity can be characterized as the center of 

the fringe inherent to that area. This principle was also one of the variables 

adopted by Chalupova [36] in her study modeling biomechanics of the 

scapulas using SMT, and in other studies on postural evaluation [17, 30]. 

While there is an in-built error in considering the center of gravity (COG) 

of a quadrilateral tracing around the centroids as being equivalent to the COG 

of the respective centroid, inasmuch as sometimes these COG’s do not visually 

match, this was also an evaluation procedure for topograms used by other 

authors [17, 30, 37]. Moreover, considering that the COG of an object refers to 

the virtual point at which its mass is uniformly distributed, it is assumed that 

the COG will be located where more mass is distributed [38].  

The fact that each centroid or Moiré fringe is characterized as a level 

curve, it is assumed that the more fringes present in a particular area, the 

deeper it is. In this way, the accentuated curves, when comparing the right and 

left sides, can be due to the presence of a gibbus on the back of the individual 

[19, 37]. 

The alignment of the scapulas can interfere with the developed function of 

the shoulders, and therefore the upper limbs. The loss of this function in the 

elderly has been the subject of study by some authors [39]. 

The results relating to the analysis of thoracic kyphosis showed that men 

strayed from the midline of the body, approximately 40mm to the front 

(flexion) in the age group 60-69, and up to ± 50mm in the group 80-89 years. 

In the female group aged 90, the depth could be greater than ± 60mm. These 

values are significant bearing in mind that the measurement was taken from 

the scapular region and taking into consideration how much the vertebral 

segment had moved away from the midline of the body. 

The incidence of thoracic hyperkyphosis was measured on the premise 

that the points belonging to the same fringe have the same height, and the 
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difference between the neighbouring parallel Moiré fringes is relatively 

constant [18, 35]. The fact that we found significant curvature in this region of 

the vertebral column deserves attention and corroborates the point that older 

people, in fact, present a hyperkyphotic profile when compared to younger 

individuals [3, 5, 40, 41]. 

Recent studies have discussed the relationship between pronounced 

kyphotic curvature of elderly people, the presence of vertebral osteoporosis, 

and the influence of these factors on subject quality of life. Weakening and 

deterioration in the quality of bone tissue can lead to a series of small 

fractures. After the first vertebral fracture, the risk of a subsequent fracture 

increases significantly ('vertebral fracture cascade phenomenon'). These 

fractures can cause increased kyphotic curvature in the physiology of the 

individual and affect neurophysiological properties related principally to the 

control of equilibrium and mobility of the torso [4]. This instability of postural 

balance may be due to a fracture in a specific location in the column, rather 

than the number of fractures presented and the consequent deformity of the 

vertebral column that this leads to [42]. 

It is important to stress that in the case of a topographic method, SMT 

covers all the surface area being evaluated. Therefore, one must consider that 

in addition to bone deformities that can be seen on the body surface, other 

factors can contribute to the analysis results. For that matter, edema, excess 

skin or hair, and eczema are also factors that can interfere. X-ray examination 

would be the ideal alternative if requiring detailed diagnosis of an individual’s 

bone structure, along with other tests such as bone densitometry. 

It was suggested in this study that SMT be used as a complementary 

method for postural evaluation. Also presented was percentile data about the 

variables studied. These become relevant measures in that the percentiles 

translate into comparable variables. For example, to say that a senior citizen of 

70 years has a thoracic kyphosis depth value of 5mm does not mean much on 

its own, but by comparing this value with the measures presented by the 

elderly population, we can say that this elderly person has a greater degree of 

curvature than 50% of the population in that age group. Percentiles are used in 

the control of athletes’ training, and were used in the description of parameters 

researched for population studies of the elderly [43, 44].  

The postural profile of a person gives much relevant information about 

their physical health and appearance. Postural assessment can serve as a 

method of complementary evaluation providing a cross-referenced and more 

conclusive understanding of health aspects of the elderly. 
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Study Limitations 
 

Some limitations were identified during this study. The voluntary 

population-based research brought some consequences such as non-attendance 

of some selected subjects in Phase 1 of MSEPOA. The use of SMT in the 

study was also a limiting factor as no standardized testing procedures appeared 

in the literature. Additionally, the lack of research using this technique with an 

elderly population prevented comparison of the results with similar studies. 

Moreover, the non-automated process was a factor that hindered the analyses 

of some images. 
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Conclusion 
 

Signs of scoliosis in "S" form were more present in younger men, while 

women of the same age group presented deformities in "C" form. Differences 

in alignment of the scapula in the frontal plane were less than 1 degree for 

both genders, in most age groups. In the transverse plane, the presence of a 

gibbus was detected in most individuals. In the sagittal plane, the anterior-

posterior thoracic curvature increased with the progression of age for all 

individuals. Statistical differences in regards to gender were found only in the 

alignment between the scapulas in the transverse plane. The SMT proved to be 

useful for the assessment of trunk deformities of the elderly in Porto Alegre, 

Brazil. The study suggests that use of the technique can be applied in the 

elderly leading to good results for evidence of deformities of the trunk. This 

widens the application possibilities of the technique, which has historically 

been used to assess young people. 
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