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Abstract –  The strategy of our approach involves the use of an instrument for measuring 
body proportionality for the purpose of comparing growth of segments to body dimen-
sions. The objective of this descriptive transversal study is to assess physical growth through 
body proportionality of school children, aged 6 to 12 years, living at moderately elevated 
altitudes. Study participants included 482 females and 473 males ranging in ages from 6 
to 12 years and possessing middle socioeconomic status. The students were selected from 
a stratified probability segment of 6,659 students. In all, we evaluated: anthropometric 
measurements of weight  (kg), height  (m), five skinfolds  (mm), four body  perimeters 
and four body-bone diameters. Proportionality analyses were performed using the Phan-
tom theoretical model proposed by Ross and Wilson  (1974). The results of the Phantom 
Z-scores for both genders show generally negative values   for body weight  (-3.7 to -1.7), 
skinfold thickness  (0.5 to -1.5), and body circumference  (-0.9 to -1.3). In turn, bone 
diameters show positive values   in all ages as well as in both genders  (1.0 to 3.2). The 
results suggest that school children living at moderately elevated altitudes are character-
ized by slow growth correlated to body weight; on the other hand, skinfold thicknesses 
and body circumferences in relation to bone diameters exhibit a tendency to robustness. 
Key words: Altitude; Growth; Proportionality; School children.

Resumen – La estrategia del Phantom es un instrumento para medir la proporcionalidad 
corporal que permite comparar el crecimiento de los segmentos y dimensiones corporales. El 
objetivo del presente estudio radica en valorar el crecimiento físico por medio de la proporcio-
nalidad corporal de escolares de 6 a 12 años que viven a moderada altitud. El estudio es de 
tipo descriptivo Transversal. Participaron de la investigación 482 damas y 473 varones de 6 
a 12 años de condición socioeconómica media. Los escolares fueron seleccionados de forma 
probabilística estratificada de un total de 6659 alumnos. Se evaluó las medidas antropo-
métricas de peso  (kg), estatura  (m), cinco pliegues cutáneos  (mm), cuatro circunferencias 
corporales y cuatro diámetros óseos. El análisis de la proporcionalidad se efectuó por medio 
del modelo teórico del Phantom propuesto por Ross y Wilson  (1974). Los resultados del Z-
escore del Phantom para ambos géneros muestran valores negativos de forma general para el 
peso corporal  (-3,7 a -1,7), pliegues cutáneos  (0,5 a -1,5) y circunferencias corporales  (-0,9 
a -1,3). A su vez, los diámetros óseos evidencian valores positivos en todas las edades y en 
ambos géneros  (1,0 a 3,2). Los resultados sugieren que los escolares de moderada altitud se 
caracterizan por presentar un lento crecimiento respecto al peso corporal, pliegues cutáneos 
y circunferencias corporales y en relación a los diámetros óseos muestran una tendencia a 
la robustez.
Palabras clave: Altitud; Escolares; Crecimiento; Proporcionalidad.
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INTRODUCTION

Physical growth was classically defined by Meredith1 as the sequence of 
somatic modifications which a biologic organism undergoes during its on-
togenetic history or, alternatively, as the entire series of anatomic and physi-
ologic changes taking place between the beginning of prenatal life and the 
close of senility. This process constitutes a chain of phenomena of cellular, 
physiological and morphological order that are genetically predetermined 
and can be modified by phenomena occurring in the environment2. For 
its assessment, growth chart standards are necessary. In fact, height and 
body weight are the most common parameters to assess physical growth 
and nutritional status in children and adolescents, regardless of geographi-
cal region, although the assessment of fat and muscle areas may possibly 
provide a better interpretation of physical growth and body composition3. 
In this sense, anthropometric variables are accepted as important tools for 
the health control and nutritional assessment of children4, besides enabling 
to assess the impact of environmental and genetic factors on the biological 
adaptation of human populations, both at sea level and at high altitudes2. 

Thus, several studies have been developed in high-altitude regions5-7, for 
which WHO and NCHS reference standards were used to analyze physical 
growth in children and adolescents. 

However, it should be highlighted that, surprisingly, there were no 
national and international studies on the use and application of the Phan-
tom stratagem for the assessment and follow-up of physical growth in 
children and adolescents living at moderate to high altitudes, because, in 
fact, proportionality is considered as an area of kinanthropometry, along 
with body composition and somatotype. Therefore, its importance resides 
in differentiating specific groups8, which helps to predict immediately the 
possibility of success in several sports and to analyze of similarities and 
differences between athletes9 and non-athletes; additionally, the unisex 
Phantom model is an ambitious attempt to compare the growth of the 
dimension of body segments, both within a population and between 
populations10, which would enable to determine maturity capability in 
function of an arbitrary adult height. On the other hand, some studies 
pointed out that environmental conditions influence the development 
of body proportions of children and adolescents living under stressful 
hypoxic conditions5-7. Such studies used reference standards that usu-
ally assess weight and height. In this sense, Carter and Ackland11 warn 
about the need to control the bias produced when working with absolute 
measurements in morphological studies, and recommend the application 
of analytical methods such as proportionality. From this perspective, the 
Phantom stratagem provides a more detailed description and analysis of 
body proportions, enabling the quantification of differences in propor-
tionality12. Thus, the aim of the present study was to assess physical growth 
through body proportionality in school children aged 6 to 12 years living 
at moderately high altitudes.
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METHODS

Type of study
This research employed a descriptive cross-sectional design to study school 
children of both sexes aged 6 to 12 years, attending the primary level of 
basic education in the Peruvian educational system. In Peru, basic educa-
tion comprises three levels: Early Education  (3-6 years), Primary School  
(6-12 years), and Secondary School  (12-16 years). All the children in the 
study were enrolled in public schools in the urban area of the district of 
José Luis Bustamante y Rivero from the province of Arequipa, Peru. This 
district is located 2320 meters above sea level, which is considered as a 
moderately high altitude13.

Sample
Four public educational centers from the district of José Luis Bustamante 
y Rivero were intentionally selected for the study. The universe included 
a total of 6659 students belonging to the middle socioeconomic status, 
3300 males and 3359 females. To calculate sample size, we considered the 
most unfavorable hypothesis  (0.50), with a precision of  (0.05) for a 95% 
confidence interval  (95%CI), and the optimal sample size was 955 subjects  
(14.34%), 473 males and 482 females, respectively.

To determine middle socioeconomic status, a questionnaire proposed 
by Cossio-Bolaños14 was applied, which includes 7 questions that enable to 
identify children belonging to the middle socioeconomic status through 
a scale ranging from 12 to 75 points, in which values ≤35 points indicate 
low status, between 35-59 points indicate middle status, and ≥ 60 points 
determine high status. In this sense, Peruvian children and adolescents 
attending schools from marginal urban areas usually belong to the low 
socioeconomic status, and those living in high-altitude rural areas belong 
to the very low status.

To understand the socio-cultural reality in Peru, it is necessary to 
understand the autochthonous cultural diversity influenced by the con-
stant miscegenation with the European Western culture, as well as by the 
contribution of important migration flows, especially from the Far East 
and the Sub-Saharan Africa. In this sense, the ethnic structure of the study 
sample is considered mixed, since the main language that students use to 
communicate with family and their social network is Spanish. In turn, the 
last name of the studied children was considered a second indicator, and 
the overall sample had a mixture of last names of Amerindian  (indigenous) 
and Caucasian origin. According to The World Fact Book periodical15, of 
the American Central Intelligence Agency, 45% of the Peruvian population 
were Amerindians, 37% were mestizos  (mixed Amerindian and white), 15% 
were white, and 3% had African, Japanese or Chinese descent. The protocol 
of the present investigation was approved by the ethics committee of the 
Instituto del Deporte Universitario  (IDUNSA) of Universidad Nacional 
de San Agustín, Arequipa, under number 002-2009.
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Procedures
Age group was defined by the student’s birth records, which was provided 
by each educational center, along with the approval for data collection and 
the respective consent by the principals of each institution. 
All parents and/or guardians of the children were informed on the purpose 
of the study and the procedures to be performed. In order to do that, a 
written and informed consent was drawn, allowing for the collection of 
anthropometric measurements in the school children.

For the assessment of anthropometric variables, the guidelines and 
suggestions proposed by the International Society for the Advancement 
of Kinanthropometry  (ISAK) were adopted16. The measurements taken 
were the following: body mass  (kg), measured with a Tanita digital scale; 
height  (m), measured using a Seca aluminum stadiometer; body circumfer-
ences  (cm), assessed using a nylon measuring tape  (Seca), including the 
circumferences of the right arm in relaxed position, of the chest between 
inhalation and exhalation  (mesosternal region), of the hip  (at the height 
of the greater trochanter) and of medial calf; skin folds  (mm), considering 
triceps, subscapular, suprailiac, abdominal and medial calf skinfold thick-
ness, assessed using a Harpenden caliper; bone diameters  (cm), measured 
using a Seca pachymeter to assess the diameter of the bones bistyloid at the 
wrist, biepicondylar at the elbow, femoral biepicondylar, and bimalleolar 
at the ankle.

To assess proportionality, we used the Phantom stratagem, designed 
by Ross and Wilson17 and revised by Ross and Ward12.

This stratagem is based on a unisex human reference model to develop 
a calculation device designed to quantify the proportional differences17. 
Phantom results are expressed as Z-score values, implying an increase or 
reduction for the anthropometric variable assessed, in which Z-scores can 
be positive, meaning that the subject or sample is proportionally larger than 
the Phantom model, or negative, meaning that the element is proportion-
ally smaller than the Phantom model.

Quality of the measurements
All anthropometric variables were assessed twice, with the purpose of 
ensuring and proving a better quality to the measurements. This procedure 
was applied to every 10 subjects, totaling 45 girls and 45 boys. All meas-
urements were taken by the same examiner, who was highly trained and 
had a level 3 ISAK certification. The technical error of the anthropometric 
variables oscillated between 1 and 3% and the reproducibility coefficient 
ranged between 0.85 and 0.99, respectively.

Statistical analysis
Normal distribution of the sample was assessed by the Kolmogorov-
Smirnov normality test. The anthropometric variables were characterized 
by descriptive statistics as arithmetic means  (X) and standard deviations  
(SD). Comparisons between genders were performed using the “t” test for 
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independent samples  (p<0.05), and age groups were compared using two-
way ANOVA  (p<0.05). The proportionality of physical growth variables 
were assessed using Phantom Z-scores, as proposed by Ross and Wilson17. 
The statistical data were processed with Excel spreadsheets and the statisti-
cal software Sigma Estat, 8.0.

RESULTS

Table 1 shows the anthropometric characteristics of Peruvian school 
children living at moderately high altitudes, expressed as mean and 
standard deviation. The values for body weight, height, five skinfolds, 
four bone diameters, and four body circumferences are expressed as ab-
solute values. An increase in mean values was observed as age advances 
in both genders. 

Children of both genders exhibited similar behavior in regard to 
weight and height from 6 to 12 years, with girls having slightly higher 
values than boys. 

As for skinfold thickness, girls showed a higher amount of fat tis-
sue in the 5 skin folds; however, no significant differences were found 
in bone diameters, since similar values were observed in both genders 
until 12 years of age. In the case of arm, chest and calf circumferences, 
mean values were similar until 12 years of age. In turn, hip circumfer-
ence was similar until 9 years of age; afterwards, girls presented higher 
values than boys.

Body weight values, expressed as Phantom Z-scores, are depicted 
in figure 1. The results showed negative values for all age groups and for 
both genders. In fact, Z-scores of the studied children revealed lower body 
weight in comparison with the Phantom theoretical model; in turn, it was 
observed a trend of increase as age advances until 12 years, when it comes 
closer to the adult model. In general, girls showed higher body weight in 
all age groups compared with boys. 

The values for skinfold thickness, expressed as Phantom Z-scores, 
are depicted in figure 2. The results revealed that girls showed positive 
values for triceps skinfold thickness from 6 to 12 years of age and nega-
tive values for the remaining skinfold thicknesses at all ages; however, the 
same behavior was not observed in boys, especially considering triceps 
skinfold thickness, since, contrary to girls, the five skinfold thicknesses  
(including triceps skinfold thickness) showed negative values compared 
with those of the Phantom theoretical model. Thus, girls had higher 
adiposity than boys in all age groups. In turn, figure 2 shows an increase 
in the amount of fat tissue among school children of both genders, more 
accelerated in girls and slower in boys, since 12-year-old girls showed 
values almost similar to those of the Phantom theoretical model; however, 
this phenomenon seems to be somewhat delayed in boys, and would be 
evidenced at later ages.
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Table 1. Physical growth variables of Peruvian school children living at moderately high altitudes.

Variables

6 years 7 years 8 years 9 years 10 years 11 years 12 años

boys girls boys girls boys girls boys girls boys girls boys girls boys girls

(n=56) (n=80) (n=67) (n=61) (n=68) (n=63) (n=73) (n=58) (n=59) (n=63) (n=71) (n=76) (n=79) (n=81)

Body Mass  
(kg)

21.81 
(2.24)

22.48 
(2.62)*

22.91 
(3.92)

24.62 
(3.45)*

25.88 
(3.55)

26.57 
(3.04)*

29.38 
(3.80)

30.38 
(4.62)*

33.25 
(4.05)

37.2 
(5.37)*

37.01 
(4.83)

38.92 
(5.96)*

42.04 
(6.32)

43.67 
(5.12)*

Height  (m) 1.14 
(0.05)

1.19 
(0.05)

1.18 
(0.05)

1.23 
(0.04)

1.25 
(0.05)

1.26 
(0.06)

1.28 
(0.04)

1.32 
(0.06)

1.36 
(0.07)

1.4 
(0.06)

1.43 
(0.05)

1.44 
(0.05)

1.47 
(0.07)

1.51 
(0.05)

Skinfold thicknesses  (mm)

Triceps 9.01 
(1.99)

10.53 
(2.17)*

9.03 
(2.70)

11.38 
(2.96)*

9.29 
(2.50)

12.09 
(2.08)*

9.55 
(3.10)

13.1 
(2.09)*

10.81 
(2.22)

13.11 
(3.15)*

11.58 
(2.68)

13.56 
(2.91)*

11.08 
(3.69)

15.61 
(3.26)*

Subscapular 5.4 
(1.08)

6.96 
(2.30)*

5.7 
(1.76)

7.58 
(2.77)*

5.91 
(1.64)

9.11 
(2.08)*

6.95 
(2.49)

9.88 
(2.69)*

7.52 
(2.49)

9.17 
(2.90)*

7.78 
(2.94)

11.33 
(3.69)*

8.19 
(2.76)

13.57 
(3.36)*

Suprailiac 6.64 
(1.89)

8.73 
(3.18)*

7.24 
(3.94)

8.94 
(3.39)*

8.25 
(4.13)

9.34 
(2.24)*

8.32 
(4.30)

11.86 
(3.34)*

10.77 
(4.16)

9.99 
(3.77)*

9.68 
(5.25)

12.93 
(5.19)*

11.44 
(6.28)

17.27 
(4.02)*

Abdominal 6.54 
(1.89)

9.42 
(3.04)*

7.78 
(3.53)

10.02 
(3.72)*

8.30 
(3.45)

11.40 
(2.91)*

8.97 
(4.35)

12.49 
(3.75)*

12 
(4.13)

14.24 
(3.95)*

11.94 
(6.29)

13.73 
(5.79)*

13.12 
(7.77)

17.62 
(4.90)*

Calf 8.11 
(2.12)

9.56 
(2.05)*

7.69 
(2.88)

9.90 
(2.08)*

7.91 
(2.41)

10.22 
(2.27)*

8.71 
(2.89)

11.07 
(2.58)*

10.46 
(2.06)

11.69 
(2.45)*

10.33 
(2.93)

13.11 
(3.11)*

10.36 
(3.68)

14.77 
(2.30)*

Diameters  (cm)

Elbow 4.99 
(0.25)

5.08 
(0.27)

5.16 
(0.31)

5.13 
(0.34)

5.32 
(0.35)

5.27 
(0.29)

5.51 
(0.30)

5.37 
(0.48)

5.85 
(0.44)

5.98 
(0.35)

5.95 
(0.51)

5.69 
(0.49)

6.4 
(0.47)

6.10 
(0.29)

Wrist 4.23 
(0.23)

4.13 
(0.19)

4.40 
(0.20)

4.39 
(0.65)

4.59 
(0.25)

4.53 
(0.40)

4.64 
(0.23)

4.61 
(0.35)

4.91 
(0.37)

5.00 
(0.40)

4.99 
(0.44)

4.89 
(0.23)

5.37 
(0.31)

5.32 
(0.64)

Knee 7.51 
(0.42)

7.47 
(0.40)

7.81 
(0.46)

7.60 
(0.37)

8.07 
(0.38)

7.88 
(0.38)

8.23 
(0.52)

7.9 
(0.54)

8.75 
(0.46)

8.67 
(0.52)

8.81 
(0.60)

8.51 
(1.02)

9.46 
(0.59)

8.87 
(0.84)

Ankle 5.36 
(0.55)

5.27 
(0.26)

5.44 
(0.35)

5.36 
(0.40)

5.79 
(0.44)

5.67 
(0.40)

5.93 
(0.43)

5.81 
(0.63)

6.06 
(0.40)

6.18 
(0.61)

6.26 
(0.41)

6.1 
(0.36)

6.67 
(0.45)

6.83 
(2.17)

Circumferences  (cm)

Arm 16.70 
(1.08)

17.00 
(1.10)

17.23 
(1.37)

17.40 
(1.51)

17.49 
(0.43)

17.64 
(1.08)

18.07 
(1.27)

18.59 
(1.81)

19.03 
(1.06)

19.54 
(1.84)

19.91 
(2.29)

20.45 
(2.50)

21.18 
(1.82)

21.84 
(1.58)

Chest 59.33 
(2.51)

59.56 
(3.39)

61.89 
(4.44)

61.61 
(3.84)

63.14 
(3.38)

64.67 
(3.33)

64.52 
(2.77)

66.03 
(5.04)

69.33 
(3.97)

69.13 
(4.64)

69.18 
(4.98)

71.95 
(5.63)

73.59 
(5.37)

75.16 
(5.50)

Hip 61.13 
(3.47)

63.31 
(3.20)

62.69 
(4.29)

64.39 
(4.49)

65.45 
(4.13)

66.51 
(3.89)

67.9 
(4.86)

69.66 
(6.14)

70.53 
(5.22)

75.87 
(5.68)*

74.10 
(4.73)

76.18 
(6.46)*

78.68 
(5.18)

82.47 
(4.66)*

Calf 23.10 
(2.41)

23.26 
(1.22)

23.35 
(1.68)

24.06 
(0.99)

24.21 
(1.94)

24.51 
(1.54)

25.63 
(1.53)

25.69 
(1.89)

27.78 
(4.15)

27.40 
(2.59)

27.74 
(3.84)

28.28 
(3.97)

29.70 
(2.16)

29.44 
(2.39)

* p<0.05. Significant difference in regard to girls from the same age group.

Therefore, in general, both boys and girls had fat tissue values lower 
than those of the Phantom model, which lead us to interpret that this sample 
comprises students with thin features, low adiposity levels and a trend of 
increase in skinfold thicknesses during late adolescence.

Phantom Z-scores for bone diameters are depicted in figure 3. For both 
genders and in all age groups, results showed positive values from 6 to 12 years 
of age. These results point out that the children in the present study had a 
larger build in the four body diameters compared with the Phantom theoreti-
cal model. In this sense, both boys and girls showed a thick build in all age 
groups, with the bistyloid diameter at the wrist being the one that presented 
higher breadth  (thickness) compared with the Phantom theoretical model. 
Therefore, the behavior of body diameters throughout age groups was similar 
for both genders, remaining relatively stable at least until 12 years of age.
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Figure 1. Body weight values for Peruvian school children living at moderately high altitudes, expressed as 
Phantom Z-scores.

Figure 2. Skinfold values for Peruvian school children living at moderately high altitudes, expressed as 
Phantom Z-scores.

The values for body circumferences, expressed as Phantom Z-scores, 
are depicted in figure 4. The results point out that both girls and boys 
showed negative values for body circumferences compared with the 
Phantom model, except for chest circumference in boys, which presented 
positive values. In this sense, in general, the school children studied were 
predominantly thin, with a trend to reach Phantom Z-score values at fu-
ture ages  (late adolescence). In turn, it can be highlighted that the values 
for body circumferences exhibited similar behavior among students of 
both genders.
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Figure 3. Values for bone diameters of Peruvian students living at moderately high altitudes, expressed as 
Phantom Z-scores “Phantom”.

Figure 4. Values for body circumferences of Peruvian school children living at moderately high altitudes, 
expressed as Phantom Z-scores.

DISCUSSION

Anthropometric characteristics undoubtedly provide a unique wealth of 
information that can be useful to analyze body size, somatotype, body 
composition, and proportionality in children, adolescents and adults. In 
this sense, the use of the Phantom stratagem enabled to determine changes 
in the body proportions of students living at moderately high altitudes, 
since, while height increases with age, some proportions do not, and others 
remain relatively constant from 6 to 12 years of age. Therefore, the Phantom 
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model is a useful tool in anthropometric studies for the comparison of the 
same individual, between individuals, between means for a group and an 
individual, and between means of two samples18.

Body weight
The absolute values for body weight and height increased with age in 
both genders until 12 years of age, similarly to other international studies 
at sea level19,20 and including at high altitudes5,7, in which an increasing 
growth is observed as age advances; in turn, girls presented higher body 
weight and slightly higher height than boys in all age groups. As for 
Phantom Z-scores, results showed negative values for both genders and 
also revealed a trend of increase in weight as age advances, in which girls 
had higher body weight than boys from 6 to 12 years of age. This pattern 
of sexual dimorphism, observed in the present study, can be considered 
as an example of early dimorphism, since Pucciarelli et al21 consider 
two types of sexual dimorphism: early and delayed, the first manifest-
ing at pre-pubertal stages and the latter at pubertal stages. Shephard et 
al.10 consider that this phenomenon is probably due to a progressive and 
higher subcutaneous fat accumulation observed since the first years of 
primary school and that, according to Tanner22, is attributable to genetic 
and hormonal factors. However, one cannot rule out the possibility that 
cultural factors might be involved in the higher values found among 
girls. In turn, body weight expressed as Phantom Z-scores tends to come 
closer to adult body weight as chronological age advances; hence, Ross 
and Ward12 consider that overall growth pattern come closer to that of 
adults. However, this fact is not observed yet in the sample of children 
living at moderately high altitudes, which suggests that this approxima-
tion occurs at future ages.

On the other hand, compared with the absolute values established by 
the WHO23, school children of both genders from the present study show 
higher body weight, which could possibly indicate overweight in this 
sample. However, the positive values observed in bone diameters allow 
to state the possibility that students present higher bone weight, which 
could partially explain the higher body weight in both genders. In turn, 
negative values for fat tissue could reveal low fat mass levels. Therefore, 
excessive body weight might be determined by the higher bone weight 
and not by excessive body fat, which is usually present in obese children 
and adolescents due to genetic factors, physical inactivity, and eating 
patterns24. Consequently, although body weight was not fragmented into 
body compartments in this investigation, this should not be considered 
as a limitation of the study, since the positive values for body diameter 
proportionality show a clear superiority of robustness with regard to the 
Phantom theoretical model. 

Skinfold thickness
In general terms, the girls in the present study had a higher amount of fat 
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tissue than boys, both in absolute values and in Phantom Z-scores from 6 
to 12 years of age. In this sense, the literature describes similar adiposity 
levels during all childhood for both genders25, following analogous growth 
patterns. However, the magnitude and the timing of the changes are usually 
observed from the beginning of adolescence onwards and subsequently 
in adulthood. In turn, it was found in this study that both girls and boys 
show negative values for all skinfolds, except for triceps skinfold thickness, 
in which girls had positive values for Phantom Z-scores. The dimorphism 
found in the study may be attributable, according to Tanner22, to adaptive 
processes achieved mainly by a better growth canalization in women, 
since they retain energetic reserves, as shown by the skinfolds assessed. 
Therefore, women are less prone to deviate from normal growth patterns 
compared with men17.

On the other hand, with regard to the negative values observed for 
skinfold thickness, both in girls and in boys, the Phantom theoretical 
model indicates that the school children were characterized by being 
thin. In turn, as height grows in function of chronological age, skinfold 
thicknesses shows a trend of increase in the amount of fat tissue, which 
was more accelerated in girls and slower in boys; since 12-year-old 
girls showed values almost similar to the Phantom theoretical model 
and boys would show this trend at future ages. Therefore, according to 
the overall growth pattern, Ross and Ward26 consider that 12-year-old 
children come closer to Phantom values and reach body proportions 
similar to those found in adulthood. Hence, the fact that boys did not 
come closer to Phantom values at 12 years of age could be explained 
by the effects produced by the altitude, since results suggest that the 
phenomenon of hypoxia would delay the growth of skinfolds in boys. 
However, nutritional factors might be involved and act in interaction 
during the process of growth and development. Therefore, as previously 
observed, growth rates are more sensitive to environmental changes in 
boys than in girls27.

Body diameters
Physical growth and biological maturation are affected by several factors 
that act independently or in concert to modify the genetic potential of a 
child. In this sense, altitude seems to have no effect on bone diameters, 
since Phantom Z-scores showed positive values for all bone diameters, 
both in boys and in girls. These results reveal a high tendency to robust-
ness among school children from Arequipa, who live at 2320 meters above 
sea level, since, while height increased with age, bone diameters remained 
relatively stable until 12 years of age. This fact may seem to be related to 
ethnic factors, since Eveleth and Micozzi28 point out that mestizos from 
Peru, Bolivia, Guatemala and Mexico are generally robust and short, 
which would partially explain the results obtained. Although Shepard 
et al10 warned that the Phantom model should be used with caution to 
infer ethnic differences and other kind of differences, but it can help to 
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identify differences in growth patterns among children and adolescents 
without establishing a sex as a reference standard. In this sense, boys had 
relatively higher values than girls in all bone diameters. This fact would 
indicate a small dimorphic difference among both genders. However, 
in general, these differences are usually observed during adolescence, 
when girls are characteristically thinner than boys26. Therefore, further 
studies are needed to elucidate the reasons why bone diameters were 
proportionally larger compared with the Phantom theoretical model 
and remained relatively stable, by, for example, extending age range and 
improving variables related to length, with the purpose of better explain-
ing bone growth  (in diameter and length) in students living at moderate 
and highs altitudes.

Body circumferences
The Andean high plateau has long been a focus of research on the 
adaptation to altitude due to several reasons, including its relative 
accessibility, the species that f lourish in the region, the presence of 
indigenous peoples, and early participation in the countryside29. In this 
sense, findings at high altitudes, in regard to variables that encompass 
body proportions assessed in absolute terms, indicate that children 
have a prolonged period of delayed growth, usually showing higher 
chest and calf circumference, higher lung capacity, and relatively low 
skinfold values compared with those living at sea level5,30. In fact, in 
the present study, the use of the Phantom theoretical model resulted 
in negative values for body circumferences in both genders, except 
for boys aged 7 and 8 years, who presented positive values for chest 
circumference. This allows to point out that school children from 
Arequipa, who live at moderately high altitudes, show a small growth 
pattern in regard to body circumferences, since, while height increases 
with chronological age, body circumferences remain relatively stable 
until 12 years of age, both in girls and in boys, which lead us to pre-
dict that circumferences could reach adult values at later ages. These 
findings might be attributable to the effects of hypoxia on physical 
growth, as previously observed for skinfold thicknesses. Therefore, 
the sexual dimorphism pattern in circumferences could be observed 
later during adolescence. In turn, the small circumference proportions 
observed with the Phantom model might probably be similar to the 
adult model after 12 years of age, which would somehow confirm a 
small delay in body circumferences. On the other hand, one cannot 
rule out the possibility that eating habits may also affect the results 
obtained; thus, we suggest to conduct further studies in school children 
living at moderately to high altitudes.

In short, the lack of control of nutritional status, eating habits, physi-
cal activity levels, and biological maturity could generate bias in the 
study results; for this reason, they are generally considered as possible 
limitations, which should be taken into account during the analysis 
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of results; even the type of validity  (internal) of the Phantom model 
can be a matter of debate, although it is not a consistent reason not to 
use this stratagem. Therefore, we suggest that such variables should be 
controlled in future investigations, with the purpose of generalizing 
the results to other latitudes with similar characteristics to those of 
the present study.

CONCLUSIONS

Through the use of the Phantom stratagem, results suggest that school 
children living at moderately high altitudes are characterized by slow 
growth correlated to body weight, skinfold thicknesses, and body cir-
cumferences, which could be directly associated with altitude; on the 
other hand, the positive values observed for bone diameters allow us to 
characterize the school children living at moderately high altitudes as 
robust  (thick build).
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