
Rom J Leg Med [27] 130-135 [2019]
DOI: 10.4323/rjlm.2019.130
© 2019 Romanian Society of Legal Medicine            

130

FORENSIC ANTHROPOLOGY

Anthropometric measurements illustrating the socio-economic effects on 
growth and development in a subadult sample population in Romania

Aida Petca1,2, Anca Diana Colceriu3, Andreea Bălăianu4, Iuliana Diac1,4,*, Cătălin Dogăroiu1,4

 _________________________________________________________________________________________
 Abstract: In Romania, the age estimation protocol for children consists of anthropometric measurements, 
odontostomatology, Rx imaging and the assessment of secondary sexual characteristics. The present study compares certain 
anthropometric measurements (height, weight, body mass index), part of the age estimation protocol, obtained during the 
medico-legal expertise undertaken at “Mina Minovici” National Institute of Legal Medicine with the international standards 
of World Health Organization. Anthropometric expertises of 804 subadult subjects were retrieved from the “Mina Minovici” 
National Institute of Legal Medicine archive, data being recorded between 2002 and 2011. In a retrospective observational study 
we followed the anthropometric measurements for subadult subjects, ages between 1 year and 18 years, investigating the growth 
pattern and development of children depending on age and gender. At the time of the examination, date of birth was not recorded 
in the national registry office, but in most cases the chronological age was known from the medical birth certificate issued in 
the maternity hospital. Therefore, anthropometric measurements in these cases and the age estimation could be compared with 
the presumed age that had a high degree of probability. We systemized the data for different stages of childhood and by gender, 
demonstrating that the growth pattern in our study population followed a lower growth curve than the international standards, 
thus confirming the influence of the socio-economic status.
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INTRODUCTION

 Anthropometry (from greek “Anthropos” 
and “metron” meaning human and “measurement”) 
represents the branch of anthropology that studies 
measurements and proportion determinations of the 
human body[1]. In Romania, the age estimation protocol 
for children consists of anthropometric measurements, 
odontostomatology [2], Rx imaging [3-5] (especially 
radiography of the left hand) and the assessment of 
secondary sexual characteristics. The advantages of the 
anthropometric measurements are seen and used in 
many medical fields, such as: legal medicine, paediatrics, 
orthopaedics, endocrinology, diabetes and sports 
medicine. In paediatrics, growth and development 

of children are monitored by various ratios and body 
indices [6], as body mass index (BMI), subsequently 
these measurements are further used to develop national 
measurements standards known as “growth charts”[7].The 
standard in anthropometric measurements is elaborated 
based on age and gender. The estimation of the children's 
age is made by quantification of different anthropometric 
criteria, represented by: height, weight, cranial, thoracic 
and abdominal diameter, the thickness of the skin folds, 
the circumference of the arm (8). Our study compares 
certain anthropometric measurements (height, weight, 
BMI), part of the age estimation protocol, obtained 
during the medico-legal expertise undertaken at “Mina 
Minovici” National Institute of Legal Medicine with the 
international standards of World Health Organization 
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[9,10]. Our aim was to determine the influence of the 
socio-economic level on the children’s growth pattern. 
We systemized the data for different stages of childhood 
and by the gender, demonstrating that the growth pattern 
from our study population followed a lower growth 
curve than the international standards, thus confirming 
the influence of the socio-economic status.

MATERIAL AND METHOD

 As required by the national legislation [11], 
medico-legal expertise was performed in the “Mina 
Minovici” National Institute of Legal Medicine, the 
archives were the source for the anthropometric 
measurements in case of 804 subadult subjects, data that 
was recorded between 2002 and 2011. The chronological 
age was presumed with a high degree of probability as 
all of our subjects had a medical birth certificate issued 
by the maternity hospital, even if the birth had not 
been declared at the national registry office. We did not 
include in our study the individuals that had a presumed 
age of over 18 years at the time of the medico-legal 
examination. All children included in our study were 
eligible for measurements. We conducted a retrospective 
observational study and we included the anthropometric 
measurements for subadult subjects, ages between 1 
year to 18 years, investigating the growth pattern and 
development of children depending of age and gender.
 In these types of expertises there are some basic 
requirements needed to ensure the physical and psychical 
comfort of the individual [12] as well as the accuracy 
of the anthropometric measurements, such as: the 
room where the measurements are carried out must be 
properly equipped in order to obtain results as accurate as 
possible; the equipment required for the measurements is 
represented by: the scales and the calibration weights of 
the scales (used at the beginning, at the middle and at the 
end of each measurement), the digital/portable scale, the 
stadiometer, the infantometer, the Holtain instrument 
used for the measurement of the fold of the skin at the 
subscapular and tricipital level, head circumference 
measurement band, height correction ruler [13,14].
 The following instruments and measurement 
methods were of interest for our study:
 - children are weighed using Fazzini scales and 
the result is displayed in kilograms. At the time of the 
measurements, they wore light clothing for an accurate 
result. The measurement is done in the upright position 
of the body with hands on the side.
 - the length was measured from birth until the 
age of 47 months, according to the protocol, horizontally, 
using the Infantometer, a measuring instrument that 
should be fixed among the head and feet of the examined 
children.
 - the height was measured in children from the 
age of 2 years using the Stadiometer. The measurement 

would be made from the upright posture with hands on 
sides. The head, the scapula, the gluteal muscles and the 
calcaneus will reach the measurement surface and the 
lower limbs will be directed outward in such way as to 
create a 60 degree angle [14,15].

RESULTS

 Our study included 804 subadult subjects, 
423 were boys and 381 girls (Fig. 1), thus a superior 
ratio in favour of the male subjects, all divided into age 
groups. The data collected for this study was statistically 
processed and depicted in graphics as follows, comparing 
the results with the international standards [9,10].
 The maximum number of the surveyed children 
was 64 in the age group of 3 to 4 years, of which 34 
boys and 32 girls, while the minimum number, 22, was 
encountered in the 12 to 13 age category, of which 7 boys 
and 15 girls. The largest proportion of male subjects has 
been recorded in the age group of 2 to 3 years, a total 
of 40, and the smallest, 7, encountered in the 12-13 age 
category and for the female subjects, the highest ratio, 34, 
was registered in the 3-4 years age range, while the lowest 
ratio, 14, was observed in the 16-17 age category.
 For all subadult subjects we have analyzed 
specific characteristics of growth and development 
stages. The average weight of the boys, measured in kg 
is showed in Figure 2, the lot is divided into age groups, 
from 1 to 18 years and the results were compared with 
those in the literature [9, 10, 14]. The biggest difference 
compared to the ideal weight for age was recorded within 
the 16-17 age group, the difference being of 5.36 kg, while 
in the age group of 5-6 years the lowest difference of 0.27 

Figure 1. Graphic representation of the number of boys (blue) 
and girls (red).

Figure 2. Graphic representation of the number of boys (blue) 
and girls (red).
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kg was noticed. Analyzing the chart we can easily observe 
the fact that the average weight of our subjects was below 
the ideal weight for age displayed in the literature within 
all age groups analyzed.
 The average weight of the girls, measured in 
kilograms (kg), is depicted in Figure 3, the population 
being divided in categories of age, from 1 to 18 years and 
the results were compared with those in the literature [9, 
10, 14]. The biggest difference in weight compared to the 
ideal weight for age, was recorded within the 12-13 age 
group, the difference being of 3.85 kg, while the lowest 
difference between these two values can be noticed in the 
1-2 years category of age, the difference being of 0.43 kg. 
Analyzing the chart we can easily observe the fact that 
the average weight of our subjects is minor within all age 
groups analyzed compared to the ideal weight for age 
displayed in the literature. We registered one exception, in 
the 13-14 age group where the measured average weight 
was of 48.09 kg, compared to the appropriate values for 
age, which according to the standards are 47.57 kg, the 
difference being of 0.52 kg. 
 Figure 4 indicates the average height of the boys, 
measured in centimeters (cm), the lot being divided by 
categories of age, from 1 to 18 years and the results were 
compared with those in the literature [9, 10, 14]. As a 
result of our measurements compared to the ideal height 
standards of boys for different ages, we found the biggest 
difference in the 15-16 age range and it counts for about 
6.84 cm, while the slightest difference was in the 3-4 years 
age group, 1.01 cm.

 We found that the average height of our male 
subjects within all age groups is below the ideal height, 
these fluctuations of height generally depending on the 
age group.
 Figure 5 indicates the average height of the 
female subjects, measured in centimetres (cm), the lot 
being divided by age categories, and data compared 
with those in the literature [9, 10, 14]. We found that the 
biggest difference between the average height of the girls 
in our study population and the one from the specific 
literature is within the 10-11 age range and is about 6.70 
cm, while the minimal difference was encountered in the 
9-10 years age range and is about 0.07 cm. It is clear that 
the average height of our female subjects is below within 
all age groups analyzed compared to the ideal height 
displayed in the literature.
 Figure 6 represents the average body mass index 
(BMI) in the male subjects that is stated by the ratio 
between weight, measured in kilograms and height 
in square meters. The average body mass indexes were 
compared with standard results in the specific literature 
[9, 10, 14]. After comparing the results, we could see that 
the largest difference between the BMI in our lot and the 
ideal is found in the age range of 1-2 years, being 1.47 kg/
m2, and the smallest difference is found in the age category 
9-10 years, of 0.01 kg/m2. The average body mass index 
of our male subjects has a lower value compared to the 
ideal body mass index presented in the specific literature 
except for the following groups of age: 5-6,8-9, 9-10,14-
15 and 15-16 as well. 

Figure 3. The girls average weight (blue) in this study and 
standard weight for age (green).

Figure 5. The average height of the girls in this study (blue) and 
the standard height for age (green).

Figure 4. The boys average height (blue) in this study and 
standard height for age (green).

Figure 6. The average body mass index in our study (blue) and 
the standard body mass index for boys (green).
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 Figure 7 presents the average body mass index in 
our study population compared to standard results from 
the literature. We observed that the largest difference 
between the BMI in our female subjects and the ideal 
average is found in the age range of 12-13 years, of 1.54 
kg/m2, and the smallest difference is found in the age 
category 11-12 years, of 0.12 kg/m2. Our results show 
that the average body mass index of our female subjects 
has a lower value compared to the ideal body mass index 
presented in the literature except for the following age 
ranges: 10-12, 14-18, where the average body mass index 
is superior to the ideal one.

DISCUSSION

 According to the legislation in Romania a 
medico-legal expertise for age estimation is required for all 
individuals without a birth certificate, meaning that they 
are not recorded in the national registry office database 
[10]. In our study population the including criterion was 
the availability of a medical birth certificate issued by the 
maternity hospital in the medico-legal examination for 
age assessment performed at the Institute. 
 A child’s growing pattern is influenced by 
multiple factors like: genetic factors, environment, 
nutrition, socioeconomic status, hormones, geographical 
influences [16-18]. 
 The present study provides age and gender 
specific statistical results based on anthropometric 
measurements (including height, weight and BMI), 
obtained from a lot of 804 subadult subjects from 
Romania, from a low socioeconomic family status, 
following a retrospective observational study. 
Additional non-medical data recorded at the time 
of the age assessment expertise brought new insight 
concerning concurrent situations; the cases selected 
had at least one of the following characteristics: young 
parents, homelessness, social welfare, unknown father, 
low income families, consequently exemplifying the low 
socioeconomic status. 
 We have analyzed specific characteristics of 
growth and development stages on male and female 

subjects, studying a number of 423 cases of male children 
and 381 female children. There are several techniques 
that allow the assessment of body composition, however, 
anthropometric measurements are the most widely used 
methods for the age determination in children, mostly 
because they are non-invasive [12] and use portable 
equipment [19].
 The results of our study show that the average 
weight of our male subjects was below the paediatric 
growth standards for age within all age groups, while, 
in the female subjects, the average weight is also below 
bellow the paediatric growth standards for age within 
all age groups, except for the 13-14 years age, where the 
measured average weight is 48.09 kg, 0.52 kg above the 
standards (47.57 kg).
 Our study results show regarding height that 
the average measures of our male and female children 
subjects are below the paediatric standards for age, within 
all age groups, with the mention that these fluctuations of 
height are dependent on age.
 The socioeconomic environment is a confirmed 
factor impacting the growth pattern and health of an 
infant, with long-term effects and the results of our 
study indicate that low socioeconomic status influences 
children’s growth and development by lowering the 
growth curve (for height and weight) in both genders 
at all age groups. Therefore, in the attempt to emphasise 
these findings, we compared our results with those 
communicated by other researchers in this area of 
interest.
 Several studies reported similar findings. In 
2014, Patel and co-authors also found that in a middle 
income country, socioeconomic differences start their 
impact in pre-natal period and early childhood, factors 
like baby feeding, maternal smoking and overcrowding 
can generate up to approximately 2 cm difference in 
height at pre-scholars [20].
 The studies by R. Hakeem conducted in the 
department of food and nutrition in Karachi, Pakistan 
and P. M. Casey and collaborators have encountered 
that general height and weight were both affected by 
socioeconomic status, a height deficit was evident in the 
lower income level groups, in all age-gender groups [21, 
22], socioeconomic differences in weight are not uniform 
among all gender and age groups, reporting also deficit 
and excess weight among low-income classes.
 Our study did not confirm the pattern of 
modifications regarding weight for age, previously 
stated and retrieved by other studies, values above the 
appropriate weight for age, by analyzing the influence 
of socioeconomic status on children’s development and 
growth [23, 24]. This fact was attributed to endocrine 
disrupters with changes in the functioning of the 
endocrine system in the period of development that lead 
to child obesity, also associated with low socioeconomic 
status [17, 21, 22]. 

Figure 7. The average body mass index in our study (blue) and 
the standard body mass index for girls (green).
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 Metabolic programming became of great interest 
for recent studies focusing on the developmental origin of 
health and disease and have identified links between early 
nutrition, epigenetic processes, and long-term growth and 
illness [25, 26]. The importance of epigenetic factors in 
normal development of humans has been proven without 
doubt, thus sustaining that a child can be influenced of 
the lifestyle and living condition of his parents [27-29]. 
Recent studies revealed children suffering of obvious 
sexual dimorphism in response to environmental insult 
[30, 31]. 
 In conclusion, the results of our study illustrate, 
using anthropometric measurements, that the subadult 
sample population in Romania with a low socioeconomic 

status has a growth curve below the international 
standard for age for both genders in all age groups. The 
exception found in female subadult group, 13-14 years, 
could be explained by malfunctions of the endocrine 
system also attributable to low socioeconomic factors. 
Further research is required to determine the mechanism 
for children’s growth pattern and development as a 
consequence of the socioeconomic status taking into 
consideration the discrepancies of our results and the 
recent literature regarding weight for age.
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there is no conflict of interest.

 References
1. Herron RE. Anthropometry: Definition, Uses and Methods of Measurement. International Encyclopedia of Ergonomics and Human 

Factors. 3 Volume Set. 2000. 879 p. 
2. Morosanu G, Gherghe EV, Avramoiu M, Cosma A, Dogaroiu C. Age estimation in subadults using teeth eruption examination. Rom J Leg 

Med. 2016;23(1):49–56. 
3. Dogaroiu C, Capatina CO, Gherghe EV, Avramoiu M. The importance of the ossification centre morphology in the left hand-wrist bones 

for age evaluation. Rom J Leg Med. 2014;22(2):105–108. 
4. Dogaroiu C, Hackman L, Gherghe E, Panaitescu E, Avramoiu M. Value of the appearance of left hand wrist ossification centres to age 

estimation in Roma population. Rom J Leg Med. 2013;21(4):299–304. 
5. Dogaroiu C, Avramoiu M. Correlation between chronological age and the stage of union of the distal femur and proximal tibia epiphyses 

in a Romanian sample population. Rom J Leg Med. 2015;23(3):171–176. 
6. Chomtho S, Fewtrell MS, Jaffe A, Williams JE, Wells JCK. Evaluation of arm anthropometry for assessing pediatric body composition: 

Evidence from healthy and sick children. Pediatr Res. 2006;59(6):860–865. 
7. RJ. K. 2000. Center for Disease Contro, CDC growth charts for the United States; methods and development. 2002; 
8. Black S, Payne-James J, Aggrawal A. Age Estimation in the Living. Age Estimation in the Living. 2010. 
9. World Health Organization. WHO Child Growth Standards. World Heal Organ. 2003;7–16. 
10. World Health Organization. WHO Child Growth Standards. WHO Libr Cat. 2009;
11. Romanian Civil Code, Law 119/1996, paragrph 2, art. 18
12. Dogăroiu C, Diac I. The need of informed consent for age assessment in minors – A critical approach. Rom J Leg Med. 2017;25(4):413–7. 
13. Kuczmarski MF, Robert J. Kuczmarski MN. National health and nutrition examination survey III: body measurements (anthropometry). 

Westat Inc. Pub. 1988. 
14. Center for Disease Control and Prevention. National health and nutrition examination survey (NHANES): Anthropometry procedures 

manual. National Center for Health Statistics. 2007. Atlanta, GA: Centers for Disease Control. 
15. Judith G. Hall, Judith E. Allanson, Karen W. Gripp AMS. Handbook of Physical Measurements. second edi. Oxford; 2007. 
16. Council The, Street O. Dietary factors in malnutrition: quality and quantity of diet in relation to child development By. Proc Nutr SOC. 

1979;38:41–49. 
17. Cunha MPL, Marques RC, Dórea JG. Child nutritional status in the changing socioeconomic region of the northern Amazon, Brazil. Int 

J Environ Res Public Health. 2018;15(1). 
18. Al Houssien R, Alteraiqi M, Al Arafah A, Omair A, Alhaidari S, Alhaidari O, et al. Children's growth pattern and mothers education and 

socio-economic status in Riyadh, Saudi Arabia. J Heal Spec. 2017;4(4):276. 
19. De Miguel-Etayo P, Mesana MI, Cardon G, De Bourdeaudhuij I, Góźdź M, Socha P, Lateva M, Iotova V, Koletzko BV, Duvinage K, 

Androutsos O, Manios Y, Moreno LA; ToyBox-study group. Reliability of anthropometric measurements in European preschool children: 
The ToyBox-study. Obes Rev. 2014;15(SUPPL.3):67–73. 

20. Patel R, Tilling K, Lawlor DA, Howe LD, Bogdanovich N, Matush L, Nicoli E, Kramer MS, Martin RM. Socioeconomic differences in 
childhood length/height trajectories in a middle-income country: a cohort study. BMC Public Health. 2014;14(1):1–12. 

21. Hakeem R. Socio-economic differences in height and body mass index of children and adults living in urban areas of Karachi, Pakistan. 
Eur J Clin Nutr. 2001;55(5):400–406. 

22. Casey PH, Szeto K, Lensing S, Bogle M WJ. Children in Food-Insufficient, Low-Income Families. 2001;155:508–514. 
23. Mohammadzadeh A, Farhat A, Amiri R, Esmaeeli H. Effect of Birth Weight and Socioeconomic Status on Children’s Growth in Mashhad, 

Iran. Int J Pediatr. 2010:1–5. 
24. Duffett-Leger L, Levac L, Young-Morris C, Watson B, Letourneau NL. Socioeconomic Status and Child Development. J Emot Behav 

Disord. 2011;21(3):211–224. 
25. Attig L, Gabory A, Junien C. Early nutrition and epigenetic programming: chasing shadows. Curr Opin Clin Nutr Metab Care. 

2010;13(3):284-293. 
26. Canani RB1, Costanzo MD, Leone L, Bedogni G, Brambilla P, Cianfarani S, Nobili V, Pietrobelli A, Agostoni C. Epigenetic mechanisms 

elicited by nutrition in early life. Nutr Res Rev. 2011;24(2):198-205. 
27. Alvarado-Cruz I, Alegría-Torres JA, Montes-Castro N, Jiménez-Garza O, Quintanilla-Vega B. Environmental Epigenetic Changes, as Risk 

Factors for the Development of Diseases in Children: A Systematic Review. Annals of Global Health, Published on 27 Jul 2018, [https://



Romanian Journal of Legal Medicine                   Vol. XXVII, No 2(2019)

135

www.annalsofglobalhealth.org/articles/10.29024/aogh.909/] 
28. Willmer TRJ, Louw J,  Pheiffer C. Blood-Based DNA Methylation Biomarkers for Type 2 Diabetes: Potential for Clinical Applications. Front 

Endocrinol (Lausanne). 2018; 9: 744. Published online 2018 Dec 4.  [https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6288427/] 
29. Scripcaru V, Iov T, Knieling A, David SM, Radu CC. Suicide and blood types. Rom J Leg Med. 2018; 26(2)206-208. 
30. Essex MJ, Thomas Boyce W, Hertzman C, Lam LL, Armstrong JM, Neumann SM, Kobor MS. Epigenetic vestiges of early developmental 

adversity: childhood stress exposure and DNA methylation in adolescence. Child Dev. 2011.
31. Borghol N, Suderman M, McArdle W, Racine A, Hallett M, Pembrey M, Hertzman C, Power C, Szyf M. Associations with early-life 

socioeconomic position in adult DNA methylation. Int J Epidemiol. 2012;41:62–74.


