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Abstract: Background: It has been shown that modern life style with reduced physical activity can lead to lower bone 
accumulation. Also a decline trend in external skeletal robustness in children and young adolescents, measured by the 
Frame Index (FI), seems to have a parallel trend with the increase in overweight and obesity. Based on these findings we 
estimate that likely, the FI should be changed after a decade in the Argentinean population as well as in others population 
of the world. Thereby, the aim of the present study was to describe, using the FI, the pattern of external skeletal robustness 
in school children aged 6–14 years from two cohorts of Argentina (Puerto Madryn, Chubut) and to compare them with the 
European reference (Czech Republic, Germany, Poland and Russia). Methods: Elbow breadth and height of Puerto Madryn 
school children were collected in two cross-sectional studies conducted between 2001–2006 (cohort 1 = C1) and 2014–
2016 (cohort 2 = C2). Percentiles (P) values, for males and females, from C1 and C2 were calculated combining the LMS-
method and its extension. A t-test has been used to compare, by age and sex, the FI values between the Argentinean cohorts 
and the European reference (ER). Then, in order to know the percentage of the variation of the percentiles values between 
cohorts, as well as with ER, percent differences between means (PDM%) were employed. Results: FI from Argentinean 
cohorts differed significantly from ER. Even more, C2 was not only smaller than ER, but also than C1. In males, C1-C2 
showed significant differences at 6–8, 11 and 12 years and in females at all ages. Then, respect to ER each Argentinean 
cohort showed significant differences in males of C1 at 6, 12–14 years and in females at 6 and 11–14 years; and of C2, in 
both sexes, from 6 to 14 years. The PDM% values for elbow breadth of male were negative in ER-C1 in all percentiles 
analyzed; in ER-C2 positive (P3 and P50) and negative (P97) and C1-C2 recorded positive values. In females, elbow 
breadth showed negative values for ER-C1 (P50 and P97), and positive for the remaining values. Finally, height registered, 
in both sexes, negative values in ER-C1 (except P97 in females), ER-C2 and C1-C2. Conclusions: After ten years of the 
first study carried on in Puerto Madryn, school children show a negative trend in the external skeletal robustness. 
Additionally, the children of both Argentinean cohorts have lower values compared to the European reference, and mainly 
the actual cohort. This situation would be explained, in part, by the progressive increase over time of overweight and obe-
sity as consequence, among others, of the change in the quantity and/or quality of the food that children have access to and 
with the physical activity they do at school and outside.
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Introduction

Modern industrialization has changed the way of life, 
interests and nutrition of children globally. These changes 
could have effects on their health and body composition, 
so detected deficiencies during childhood could be useful 
to develop prevention or intervention programs that can be 
implemented (Rietsch 2013).

Even though historically a fat child meant a healthy child, 
one who was likely to survive the rigors of  undernourishment 
and infection, the excessive fatness has arguably become the 
primary childhood health problem in different parts of the 
world (Ebbeling et al. 2002). According to the Pan-American 
Health Organization, obesity in childhood and adolescence 
has reached epidemic proportions in the Americas region 
(PAHO 2014). In Argentina, a decade ago, Oyhenart et al. 
(2008) identified contrasting regional differences in the prev-
alence of excess of weight in school children from different 
provinces of the country. The results obtained by the authors 
indicated that the highest prevalence of overweight and obe-
sity was recorded in the southern provinces. As an example, 
the city of Puerto Madryn located in the south (Patagonian 
region), showed in the period 2003–2005 the highest preva-
lence of overweight (21.2%) and obesity (5.5%) and the 
lowest of stunting (7.3%) from the Argentinean popula-
tion (Oyhenart et al. 2008). Ten years later, Navazo et al. 
(2018) analyzed the variation between two cohorts of school 
children from different neighborhoods of Puerto Madryn 
and observed that the prevalence of stunting remained or 
decreased, while those of obesity increased.

A common reason for overweight and obesity, besides 
a genetic component, is a malfunctioning balance of physi-
cal activity and nutritional intake (Dehghan et al. 2005; 
Scheffler 2011; Kar et al. 2014). Among the most important 
factors that promote weight gain and obesity are: high con-
sumption of products of low nutritional value and high con-
tent of sugar, fat and salt, frequent intake of sugary drinks 
and insufficient physical activity (PAHO 2014).

Usually for quantifying overweight and obesity the 
Body Mass Index (BMI) is used. This index only describes 
the proportion of body weight (kilograms) and body height 
(metres2) because it is a quotient of both, but it does not eval-
uate other things as body composition in detail, measures 
of skeletal robustness and specific estimates of percentage 
body fat (Scheffler 2011). Approximately thirty years ago, 
Frisancho (1990) proposed the Frame Index as a parameter 
for calculating body composition (Frisancho & Flegel 1983). 
This index is associated with relative skeletal mass on body 
composition and has been used as a measurement of exter-
nal skeletal robustness in both, current and past populations 
(Rietsch et al. 2013a; Scheffler 2011; Rietsch et al. 2013b; 
Scheffler 2013; Jasch et al. 2018). Because of the age-related 
changes of body weight and height of males and females, 
this method is the classical approach of frame size estimation 

with the objective of robustness (Frisancho 1990; Rietsch 
et al. 2013a).

In relation with the increment of the excess of weight’s 
prevalence in childhood and/or youth, some authors provided 
evidences about a decline trend in external skeletal robust-
ness in school children and young adolescents as a parallel 
trend to the increase in overweight and obesity (Scheffler 
2011; Rietsch et al. 2013a; Rietsch et al. 2013b; Scheffler & 
Hermanussen 2014; Musálek et al. 2018). Even though there 
is a huge amount of evidence about the increase of excess of 
weight in childhood all around the world (Wang & Lobstein 
2006; de Onis et al. 2010; Malik et al. 2013; Arroyo-Johnson 
& Mincey 2016), the information about the external skeletal 
robustness is scarce. Two years ago, Mumm et al. (2018) 
published the first reference percentiles for Frame Index 
(FI) from European children and adolescents (ER). The ER 
data belong to different countries, such as: Czech Republic 
(Sedlak et al. 2015); Germany (Schilitz 2001; Kamtsiuris 
et al. 2007; Scheffler et al. 2007; Schüler 2009; Rietsch 
et al. 2013a; Hesse et al. 2016); Poland (Gomula et al. 2015; 
Nowak-Szczepanska et al. 2016; Suder et al. 2017) and 
Russia (Rietsch et al. 2013b).

In Argentina, until now, most of the information available 
from school children was centralized in the nutritional status 
and others aspect such as body composition (Oyhenart et al. 
2007; Dahinten et al. 2011; Garraza et al. 2014; Cordero & 
Cesani 2018). Nevertheless, the study of the skeletal robust-
ness was not included. It was then, that we considered neces-
sary to estimate that the FI could have been changed after a 
decade in the Argentinean and other populations. Thereby, 
the aim of the present study was to describe, using the FI, 
the pattern of external skeletal robustness in school chil-
dren aged 6–14 years from two cohorts of Argentina (Puerto 
Madryn, Chubut) and to compare them with the European 
reference (Mumm et al. 2018).

Material and methods

Sample
In two cross-sectional studies conducted between the years 
2001–2006 (cohort 1 = C1) and 2014–2016 (cohort 2 = C2), 
males and females aged from 6–14 years old were examined 
(Table 1). The anthropometric assessment of both cohorts 
was performed in the same schools located in different 
neighborhoods of the city of Puerto Madryn (province of 
Chubut, Argentina, 42°46′23″S 65°02′12″W).

Anthropometric measurements
All anthropometric measurements were made using stan-
dardized equipment and according to the “Anthropometric 
Standardization Reference Manual” by Lohman et al. 
(1988). The variables considered were: height (cm) and 
elbow breadth (mm) and the Frame Index of skeletal robust-
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ness was calculated as follows (Frisancho 1990): Frame 
Index (FI) = [(elbow breadth / height) × 100].

For each age (in complete years) and sex, percentile val-
ues of FI were calculated.

Ethics statement
The investigation was carried out in accordance with the 
norms of the Nuremberg Code of 1947, the Universal 
Declaration of Human Rights of 1948, and the Helsinki 
Declaration of 1975, as revised in 2000. The research was 
approved by the Ministerio de Educación of the Chubut 
province, the Subsecretaria de Educación of the Puerto 
Madryn’s city and the Comité de Bioética de la Escuela 
Latinoamericana de Bioética. The study was implemented 
on a voluntary basis with parents’ permission, who signed a 
written informed consent and finally the children took part 
voluntarily.

Statistics
Following the propose of Mumm et al. (2018), percentiles 
(P) values (P3, P10, P25, P50, P75, P90 and P97) for males 
and females from Puerto Madryn school children were calcu-
lated combining the LMS-method by Cole (1990) and Cole 
& Green (1992) and its extension by Rigby & Stasinopoulos 
(2004; 2006). Then, C1 and C2 FI percentiles were compared 
with each other and with the percentiles of the ER (Mumm 
et al. 2018).

For graphical comparisons, mean values of P3, P50 
and P97 were standardized by percent differences between 
means (PDM%). This standardization method reduces any 
difference to a percent value which is not affected by the 
magnitude of the variables. PDM% was calculated according 
to Guimarey et al. (2014): PDM% = 100*[(X1–X2)/X1]. For 
between-cohort comparisons: X1 = mean values of C1 and 
X2 = mean values of C2; and between reference and cohorts: 

X1 = mean values of ER and X2 = mean values of C1; X1 = 
mean values of ER and X2 = mean values of C2.

A t-test has been used to compare the average FI values at 
a defined age in both sexes.

Results

Frame Index of Argentinean cohorts differed from ER 
(Fig. 1). Males from C1 showed a different trend respect to 
ER, depending on the age and the percentile analyzed. Until 
8 years old, approximately, C1 values were above ER in 
P3, P10, P25, P50 and P75 and in the remaining ages they 
were below. Nevertheless, in P90 and in P97 the FI values 
were above ER until 12 years old and decreased afterwards. 
Conversely, C2 curves from P3 to P97 were below of ER in 
all ages (Fig. 1). In females, the FI values of C1 were higher 
than the ER and also C2, in all cases. Meanwhile, C2 was 
always below of the ER (Fig. 1).

When the PDM% for elbow breadth was analyzed in 
males, the comparison between ER and C1 exhibited nega-
tive values in all percentiles; ER-C2 positive (P3 and P50) 
and negative (P97); and C1-C2 only positive values. In 
females, ER-C1 had negative values (P50 and P97), and pos-
itive for the remaining percentiles (Fig. 2). Finally, height 
in males had negative PDM% values for ER-C1 and ER-C2 
(P3, P50 and P97), and also for C1-C2 -all percentiles-. 
Similar results were observed in females with negative val-
ues in ER-C1 (excepted P97); ER-C2 and C1-C2 (Fig. 2).

Finally, according to the t-test, there were significant dif-
ferences between C1 and C2 and also between each cohort 
and ER (Table 2). In relation to the age of the children, the 
comparison C1-C2 showed significant differences in males 
at 6–8, 11 and 12 years and in females at all ages. Comparing 
ER-C1 in males the differences were at 6, 12–14 years and in 

Table 1. Sample composition.

Age (years)
Cohort

1 2
Males Females Males Females

6.00–6.99 194 152 143 140
7.00–7.99 213 159 160 171
8.00–8.99 197 203 158 186
9.00–9.99 184 208 155 212

10.00–10.99 142 162 143 166
11.00–11.99 175 157 168 177
12.00–12.99 168 186 172 150
13.00–13.99 182 152 128 113
14.00–14.99 144 132 102 90

All 1599 1511 1329 1405
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Fig. 1. Males and females aged 6 to 14 years. Percentiles of Frame Index (mm/cm) for European reference and cohort 1 and cohort 2 
from Puerto Madryn (Argentina) calculated using the LMS-method. European reference ––––, cohort 1 - - -, cohort 2 – – –.

Fig. 2.  Percent differences between means  (PDM%) of measured and calculated variables  in males and  females. Comparisons 
between cohorts (C1 and C2) and the European reference (ER).
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females at 6 and 11–14 years; and ER-C2 both sexes showed 
significant differences from 6 to 14 years (Table 2).

Discussion

As we hypothesized school children from Puerto Madryn 
registered a decline of FI between 2001 and 2016 (1% in 
males and 3% in females in P50). Also, the comparison of 
the European reference with both Argentinean cohorts was 

different, because Argentinean samples had minor values of 
FI, mainly the current cohort.

In order to analyze the modification in the development of 
the bone mass, authors as Matkovic et al. (1994) evidenced 
that almost 40% of the peak of the bone mass accumulates 
between pubertal stage 2 and 5. Then, Cameron & Demerath 
(2002) proposed that more than 50% of the variance in the 
peak bone mass was accounted by genetic factors (60–80%), 
and the rest (20–40%) could be done to modifiable environ-
mental factors such as nutrition and physical activity. More 

Table 2.  Frame Index, comparison between Argentinean cohorts (C1 and C2) and European reference (ER). t-test.

Age (years)
Males Females

Mean value
t-test

Mean value
t-test

t-value IC p-value t-value IC p-value
Comparison 
C1-C2 C2 C1 C2 C1

6 40.60 41.83 –4.768 0.718 1.727 2.921E-06 39.22 40.64 –4.994 0.860 1.979 1.050E-06
7 40.60 41.55 –3.559 0.427 1.482 0.0004 39.19 40.22 –3.831 0.498 1.550 0.0002
8 40.53 41.38 –3.019 0.295 1.401 0.0027 38.71 39.83 –4.369 0.618 1.630 1.607E-05
9 40.74 40.55 0.652 –0.736 0.369 0.5144 38.44 39.40 –3.992 0.484 1.424 7.742E-05
10 40.28 40.63 –1.213 –0.223 0.940 0.2261 37.83 39.39 –5.686 1.016 2.092 2.899E-08
11 39.67 40.54 –2.972 0.292 1.437 0.0031 37.47 38.62 –4.310 0.625 1.671 2.127E-05
12 39.97 40.69 –2.999 0.248 1.196 0.0029 37.11 37.85 –2.882 0.232 1.231 0.0042
13 40.07 40.18 –0.457 –0.363 0.582 0.6479 36.53 37.80 –4.988 0.766 1.766 1.133E-06
14 39.52 40.00 –1.623 –0.1005 1.042 0.1059 36.65 37.43 –2.524 0.170 1.389 0.0124
Comparison 
C1-ER ER C1 ER C1

6 41.33 41.83 –2.880 0.157 0.838 0.0043 40.00 40.64 –3.276 0.255 1.027 0.0012
7 41.50 41.55 –0.291 –0.303 0.409 0.7710 40.17 40.22 –0.216 –0.357 0.446 0.8289
8 41.10 41.38 –1.501 –0.088 0.654 0.135 39.88 39.83 0.257 –0.415 0.319 0.7967
9 40.84 40.55 1.384 –0.701 0.122 0.1670 39.67 39.40 1.581 –0.617 0.067 0.1149
10 40.86 40.63 0.986 –0.666 0.222 0.3250 39.49 39.39 0.501 –0.515 0.306 0.6160
11 40.87 40.54 1.514 –0.767 0.100 0.1314 39.37 38.62 3.408 –1.179 0.314 0.0008
12 41.03 40.69 2.031 –0.667 –0.011 0.0434 39.02 37.85 6.416 –1.533 –0.813 7.997E-10
13 41.08 40.18 5.216 –1.239 –0.559 4.068E-07 38.68 37.80 4.743 –1.240 –0.512 4.106E-06
14 40.92 40.00 4.330 –1.348 –0.504 2.542E-05 38.30 37.43 4.039 –1.295 –0.444 8.408E-05
Comparison 
C2-ER ER C2 ER C2

6 41.33 40.60 –3.441 –1.139 – 0.308 0.0007 40.00 39.22 3.404 –1.229 –0.327 0.001
7 41.50 40.60 –4.191 –1.326 –0.477 4.274E-05 40.17 39.19 5.065 –1.362 –0.598 8.917E-07
8 41.10 40.53 –2.509 –1.010 –0.120 0.0130 39.88 38.71 6.007 –1.557 –0.787 7.639E-09
9 40.84 40.74 –0.518 –0.509 0.297 0.6045 39.67 38.44 6.702 –1.591 –0.868 1.262E-10
10 40.86 40.28 –2.797 –0.990 –0.170 0.0058 39.49 37.83 8.569 –2.040 –1.276 3.100E-15
11 40.87 39.67 –5.750 –1.609 –0.787 3.322E-08 39.37 37.47 11.184 –2.229 –1.561 2.200E-16
12 41.03 39.97 –5.532 –1.439 –0.683 9.504E-08 39.02 37.11 9.815 –2.288 –1.522 2.200E-16
13 41.08 40.07 –5.423 –1.377 –0.641 2.196E-07 38.68 36.53 10.998 –2.528 –1.758 2.200E-16
14 40.92 39.52 –6.533 –1.820 –0.973 1.649E-09 38.30 36.65 6.936 –2.122 –1.178 3.771E-10
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recently, Hermanussen et al. (2015) suggested that changes 
in physical exercise and psycho-social environment, even 
emotional, have left significant imprints in modern skeletal 
built during the last decades. In relationship to this, while 
Argentinean males and females were slightly taller than 
their European peers, the elbow breadth was bigger in C1 
and smaller in C2. In addition, decrease of FI in boys and 
girls of both cohorts occurred independently the age and the 
percentile considered. According to Mumm et al. (2018), 
the decline of external skeletal robustness could be a con-
sequence of a change of proportions during human develop-
ment, since humans experience a greater linear growth, than 
a growth in skeletal breadth. Also, Scheffler & Hermanussen 
(2018) mentioned that the relative FI decreases with the age 
and proposed that prior to the adolescent growth spurt, elbow 
breadth rapidly increases particularly in boys.

On the other hand, Klein et al. (2016) and Reinehr & Roth 
(2019) proposed that overweight and obesity could acceler-
ate the maturity velocity. These results added to those, found 
by Navazo et al. (2018), about that school children from C2 
had higher ponderal excess than C1, could explain the FI 
decrease in C2.

Already in the 1990s, Slemenda et al. (1994) said that 
among the most important elements strongly associated with 
better skeletal mineralization were: daily calcium intake of 
1 to 1.5 g; regular weight-bearing physical activity; and nor-
mal sexual maturation and increases in body size (height, 
weight, muscle mass). Some years later, Janz et al. (2001) 
confirmed that physical activity influences bone accumula-
tion, even before the modulating effects of the increase in 
sex hormones. The authors also stated that in active children, 
bone accumulation was greater and the risk of future osteo-
porotic fractures was lower.

Although usually a high FI corresponds with an increased 
in skeletal robustness (Rietsch et al. 2013a), different authors 
reported an opposite trend in this index and proposed an asso-
ciation between physical activity and relative elbow breadth 
(Scheffler 2011; Rietsch 2013; Rietsch et al. 2013a; Rietsch 
et al. 2013b; Scheffler & Hermanussen 2014; Musálek et al. 
2018). Some years ago, Scheffler (2011) suggested that the 
increase of overweight and the decrease of skeleton robust-
ness in 6–12 years old children from Brandenburg (Germany) 
could be consequence of a reduced physical activity. Later, 
Rietsch et al. (2013a) provided evidence for a significant 
association between FI and step counts in samples of chil-
dren from Berlin and Brandenburg (Germany) aged between 
6 and 10 years old.

According to the WHO (2010), people from 5 to 17 years 
old should perform 60 minutes daily of physical activity 
(i.e. games, sports and physical education) and it would be 
convenient to incorporate at least three times a week of vig-
orous activities to contribute to strengthening muscles and 
bones. Nevertheless, studies like the “Encuesta Mundial de 
Salud Escolar” had shown that only 16.7% of Argentinean 
school children were physically active and that the level of 

inactivity has risen at older ages (EMSE 2012). According 
to the results of that survey, almost 50% of the pupils from 
11 to 17 years old were sedentary and the percentage was 
significantly higher in females than in males (52.8% vs 
46.9%) (Ponce et al. 2016). As expressed in the “Boletín 
del Observatorio de la Deuda Social Argentina“ for the year 
2013, 53% of urban children and adolescents did not per-
form active outdoor games for a daily average of 40 min-
utes and 58% of that population did not perform structured 
physical activity in extracurricular hours. In the school envi-
ronment, it was recorded that 48% of the students had less 
than two weekly physical education classes (Tuñon & Laíño 
2014). Specifically, in the province of Chubut, where Puerto 
Madryn is located, the time allocated in public schools for 
physical activity is 45 minutes weekly.

About the relationship between globalization and health, 
Sobal (2001) proposed that the increasing urbanization 
experienced in some countries could significantly change the 
pattern of food consumption and physical activity, enlarg-
ing the risks of obesity. Meanwhile, Pirgon & Aslan (2015) 
suggested that an inadequate social environment and build-
ings not suitable for walking around push children into an 
inactive lifestyle. The rapid urbanization verified in Puerto 
Madryn from the decade of 1970s could constitute an impact 
factor in both, the nutritional status and level of activity of 
the population. In this regard, the adverse environmental 
conditions characteristic of the Patagonian region do not 
stimulate children and young people to perform outdoor 
activities, increasing the sedentary habits.

Another issue to consider is the association between 
Frame Index and percentage of body fat. About this, authors 
like Rietsch et al. (2013a) suggested that to burn the body 
fat mass further muscles are needed. Also, higher muscu-
lature influences the skeleton, and as a result, heavier chil-
dren have to use more muscles for motion which impacts 
on bone structure and external skeletal robustness. Some 
years ago, Okubo et al. (2006) stated that the consumption 
of potassium, magnesium, calcium, vitamin C, vitamin D, 
and vitamin K was positively correlated with bone mass 
density. Meanwhile, Wosje et al. (2010) proposed that high 
intakes of darkgreen and deep-yellow vegetables and of 
processed-meat were related to high bone mass. In relation 
to this, it must be said that the city of Puerto Madryn is not 
a food producer and that is the reason why, like other cities 
in the province of Chubut, it is supplied by farmers from 
the Lower Valley of the Chubut River (Hughes & Owen 
2002; Secretaría de Ciencia y Tecnología de la Provincia de 
Chubut 2017). This regional supply is affected by the season-
ality of the products and the competition of others from the 
north of the country (Secretaría de Ciencia y Tecnología de 
la Provincia de Chubut 2017). Thus, as in the city of Puerto 
Madryn, just a part of the food available (vegetables, beef, 
sheep and pigs) comes from the Lower Chubut River Valley 
(Albertoli et al. 2016), most part of the food consumed cor-
responds to food commercially processed, of higher density 
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and a higher proportion of refined fats and carbohydrates 
(Dahinten et al. 2011).

Conclusions

The external skeletal robustness of the Puerto Madryn school 
children, after more than ten years, shows not only a nega-
tive trend but also a lower value compared to the European 
reference. This situation would be explained, in part, by the 
increase of ponderal excess as consequence of the nutrition 
as well as by its association with the physical activity car-
ried out at school as well as outside. To reduce this trend, 
the focus should be on: 1) the development of programs 
aimed at incorporating good eating habits from an early age;  
2) the promotion of daily physical activity both in schools 
and those outdoor recreational activities (in squares, parks, 
etc.), so that children and young people maximize bone mass 
and avoid future health problems such as osteoporosis or 
bone fractures.
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