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Abstract: In the epidemiological surveys upper arm circumference is usually used for the 
assessment o f nutritional status and for screening the abnormality o f nutritional status, while in 
the paediatric practice this limb circumference is used as an indicator o f intrauterine growth 
restriction and abnormal development, especially an indicator o f abnormal muscular development. 
Independently o f the aim o f the examination, both the screening or diagnostic work should only be 
done by considering the critical values o f the examined body dimensions constructed for the given 
population. The growth charts and the centile distribution o f limb circumferences not only on the 
upper arm, but also on the lower arm, thigh and calf are constructed and publishedfor Hungarian 
infants in the present paper. The 3rd and 97th centiles are suggested as critical values for the 
developmental estimation and maturity determination. The uniqueness o f this study is not only in 
the variety o f the examined body dimensions, but also in the scaling o f the growth charts, since the 
reference values are constructed both for chronological age and body length.
Keywords: Body development; Nutritional status; Musculoskeletal development; Reference centiles.

In tro d u c tio n

Auxological studies evidenced that each healthy child follows along the same growth 
pattern from birth till sexual maturity independently from gender or the genetic origin 
(Falkner and Tanner 1978). Many environmental and genetic causes (and their 
interactions) of abnormal development have been already identified, but the medical 
science nowadays can treat and not prevent most of the developmental abnormalities. 
Nevertheless, our common aim is to help the clinicians in identifying growth retardation, 
i.e. the failure of an individual to develop at a normal rate, as early as possible, since the 
earlier the diagnosis, the more efficient treatment can be initiated (Gulmezoglu et al. 
1997, Wollmann 1998, Gamera et al. 2000, Sood et al. 2002).

Growth charts are widely used for growth screening in paediatric care to provide 
information for evaluating growth status (Cole 1994, Kuczmarski et al. 2000). The use of 
local growth charts, which are based on nationally/regionally represenatative studies and 
regularly updated, always provides a more accurate assessment of growth and 
development than international growth references (Karlberg et al. 1999, Cole 2003).

Pediatricians usually consider body weight and length, head, chest and upper arm 
circumference and, occasionally, skinfold thicknesses on the trunk and the limbs in 
developmental assessment of infants (Alves et al. 1991, Biswas et al. 1994, Sharma and 
Bora 1998, Bhatia et al. 1999, Bodzsár 1999, Bettiol 2003, Burden et al. 2005, Nair et al. 
2006, Susanne and Bodzsár 2004). The references are usually constructed for 
chronological age in these clinical assessments. The chronological age in infancy, 
especially in children born preterm with 6-10 weeks before the time, cannot provide the
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appropriate reference point in time and its use could lead to methodological and not real 
biological difference in the developmental assessment. Therefore, charts for physiological 
variables (biological age, e.g. bone age; body length, etc.) are sometimes used in the 
developmental assessment (Gardosi et al. 1992).

The main purpose of the study was to construct growth charts of limb circumferences 
for assessment of body development in Hungarian children (from birth to 12 months of 
age). Limb circumferences can provide information not only on the nutritional status of 
children, but also on their musculo-skeletal development. Therefore, the use of these body 
dimensions can improve the developmental assessment (e.g. many congenital 
malformations associated with muscular dystrophy -  their diagnosis rate and accuracy 
might be improve by using such growth charts; Beattie 1994, Ehrenkranz et al. 1999, 
Gokhale et al. 2003). Moreover, the growth charts are given not only for chronological 
age but also for body length.

Subjects and methods

Altogether 388 (201 boys and 187 girls) healthy and mature infants (all preterm, 
obese, dysmature and congenital malformed infants were excluded) were examined in the 
Department of Paediatric, St. George Hospital, Székesfehérvár in 2007. Infants were 
examined at 0, 1, 2, 3, 4, 5, 6, 9 and 12 months old of age (±0.1 months).

The anthropometric measurements were performed by using the standardized 
techniques (IBP recommendations, Martin and Sailer 1957, Weiner and Lourie 1969, 
Bettiol 2003) and standard anthropometric measuring devices. The measurements were 
performed on the middle part o f upper and lower arms in relaxed position, the thighs and 
calf with contracted limbs.

The centile curves (3rd, 10th, 25lh, 50th, 75th, 90th, 97th) were estimated by Cole’s 
LMS method (1995). Growth charts are constructed both for chronological age and body 
length in the boys and the girls. Chi-square test was used for testing the sexual 
dimorphism in centile distributions: centiles were interchanged between the genders, 
namely, the distribution o f girls’ individual data by the boys’ centile curves were 
compared to the empirical distribution (3, 10, 25, 50, 75, 90, 97%) and vica versa. 
Hypotheses were tested at 5% level of significance.

Results

Growth charts and centile values of upper and lower arm, thigh and calf circumference 
are presented in Figures 1-4 and Tables 1-8 for chronological age and in Figures 5-8 and 
Tables 9—12 for body length. By comparing the growth of the studied limb 
circumferences (for chronological age), it can be stated that (1) the growth of limb 
circumferences is very intensive in the first six postnatal months and (2) its growth tempo 
shows a considerable decrease around the age of 6—7 months in both genders. (3) In the 
second part of the first year after birth the growth rate does not change in either of the 
upper or lower limb circumferences (Figures 1—4, Tables 1-8). By considering the 
measuring accuracy of these circumferences (measured in one or half cm in the 
paediatrician practice), the sexual dimorphism, which could be assumed significant by 
surveying the graphs, is not significant in either of the circumferences (p>0.05).
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Table 1. Upper arm circumference centile values in boys from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97

0 9.1 9.5 10.0 10.6 11.3 12.0 12.6
1 9.9 10.4 10.9 11.5 12.2 12.9 13.6
2 10.7 11.2 11.8 12.4 13.2 13.9 14.5
3 11.4 12.0 12.5 13.2 13.9 14.7 15.3
4 12.1 12.6 13.2 13.9 14.6 15.3 15.9
5 12.6 13.2 13.7 14.4 15.1 15.7 16.3
6 13.0 13.6 14.1 14.8 15.4 16.0 16.6
7 13.3 13.8 14.4 15.0 15.6 16.3 16.9
8 13.5 14.0 14.6 15.2 15.8 16.5 17.0
9 13.6 14.1 14.7 15.3 16.0 16.6 17.1

10 13.7 14.2 14.8 15.5 16.1 16.7 17.3
11 13.7 14.3 14.9 15.6 16.2 16.7 17.3
12 13.8 14.4 15.0 15.7 16.3 16.9 17.4

Table 2. Upper arm circumference centile values in girls from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97

0 9.1 9.6 10.0 10.5 11.1 11.5 12.0
1 10.1 10.5 11.0 11.5 12.1 12.5 13.1
2 10.9 11.4 11.8 12.4 13.0 13.5 14.0
3 11.7 12.1 12.6 13.1 13.7 14.3 14.8
4 12.2 12.7 13.1 13.7 14.3 14.8 15.4
5 12.7 13.1 13.5 14.1 14.7 15.3 15.9
6 13.0 13.4 13.9 14.4 15.0 15.6 16.2
7 13.3 13.7 14.1 14.7 15.2 15.8 16.4
8 13.5 13.9 14.4 14.9 15.5 16.0 16.6
9 13.7 14.0 14.5 15.1 15.6 16.2 16.8

10 13.8 14.1 14.6 15.2 15.8 16.3 16.9
11 13.8 14.2 14.6 15.2 15.8 16.4 17.0
12 13.9 14.2 14.7 15.3 15.9 16.4 17.1

Boys Girls

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

A ge (months) A ge (months)

Figure 1: Upper ann circumference centile distribution in boys and girls from birth till 12-month of age.
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Table 3. Lower arm circumference centile values in boys from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97
0 8.4 8.8 9.2 9.7 10.3 10.9 11.5
1 9.1 9.6 10.0 10.6 11.2 11.8 12.5
2 9.9 10.3 10.8 11.4 12.1 12.7 13.4
3 10.6 11.0 11.5 12.1 12.8 13.5 14.2
4 11.1 11.6 12.1 12.7 13.4 14.1 14.8
5 11.6 12.1 12.6 13.2 13.9 14.6 15.2
6 11.9 12.4 13.0 13.6 14.3 14.9 15.6
7 12.1 12.7 13.2 13.9 14.5 15.2 15.9
8 12.3 12.8 13.4 14.0 14.7 15.3 16.1
9 12.4 13.0 13.6 14.2 14.8 15.5 16.2

10 12.5 13.1 13.6 14.2 14.9 15.6 16.3
11 12.5 13.1 13.7 14.3 15.0 15.6 16.4
12 12.5 13.1 13.7 14.4 15.0 15.7 16.4

T a b le  4. Lower arm circumference centile values in girls from birth till 12-month of age.
Age (months) P3 P10 P25 P50 P75 P90 P97

0 8.4 8.7 9.1 9.5 10.0 10.4 10.9
1 9.2 9.5 9.9 10.3 10.8 11.3 11.9
2 9.9 10.3 10.7 11.1 11.7 12.2 12.8
3 10.6 11.0 11.4 11.8 12.4 13.0 13.6
4 11.2 11.5 11.9 12.4 13.0 13.5 14.2
5 11.7 12.0 12.4 12.9 13.4 14.0 14.7
6 12.0 12.4 12.7 13.2 13.8 14.3 15.0
7 12.3 12.6 13.0 13.5 14.0 14.6 15.2
8 12.4 12.8 13.2 13.6 14.1 14.7 15.3
9 12.5 12.9 13.3 13.7 14.3 14.8 15.4

10 12.6 12.9 13.3 13.8 14.3 14.8 15.5
11 12.6 12.9 13.4 13.9 14.4 14.9 15.6
12 12.6 13.0 13.4 13.9 14.4 14.9 15.6

Age (months) Age (months)

Figure 2: Lower ami circumference centile distribution in boys and girls from birth till 12-month of age.
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Table 5. Thigh circumference centile values in boys from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97

0 13.0 13.7 14.5 15.4 16.4 17.3 18.3
1 14.6 15.5 16.3 17.4 18.5 19.5 20.5
2 16.3 17.2 18.1 19.2 20.4 21.5 22.7
3 17.8 18.7 19.7 20.9 22.1 23.3 24.6
4 19.1 20.0 21.0 22.2 23.5 24.8 26.1
5 20.1 21.0 22.0 23.2 24.5 25.8 27.1
6 20.8 21.8 22.7 23.9 25.2 26.5 27.8
7 21.3 22.2 23.2 24.5 25.9 27.0 28.2
8 21.6 22.5 23.5 24.8 26.2 27.4 28.6
9 21.8 22.7 23.6 25.1 26.5 27.7 28.7

10 22.0 22.8 23.7 25.3 26.7 27.9 28.9
11 22.1 22.9 23.8 25.4 26.8 28.1 29.0
12 22.2 23.0 23.8 25.5 26.9 28.2 29.1

Table 6. Thigh circumference centile values in girls from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97

0 13.5 14.1 14.7 15.4 16.1 16.8 17.4
1 15.4 16.0 16.7 17.4 18.2 18.9 19.6
2 17.3 17.9 18.6 19.3 20.1 20.9 21.6
3 18.9 19.5 20.2 21.0 21.8 22.6 23.4
4 20.2 20.8 21.5 22.3 23.2 23.9 24.8
5 21.1 21.7 22.4 23.3 24.1 25.0 25.8
6 21.7 22.3 23.1 23.9 24.8 25.7 26.6
7 22.1 22.8 23.5 24.4 25.3 26.3 27.2
8 22.4 23.1 23.9 24.7 25.7 26.7 27.7
9 22.6 23.3 24.1 25.0 26.0 27.0 28.1

10 22.8 23.5 24.2 25.2 26.2 27.2 28.3
11 22.9 23.6 24.4 25.3 26.3 27.4 28.5
12 23.0 23.7 24.5 25.4 26.4 27.5 28.7

A ge (months)

Figure 3: Thigh circumference centile distribution
Age (months)

in boys and girls from birth till 12-month of age.
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T ab le  7. Calf circumference centile values in boys from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97
0 9.4 9.9 10.4 11.1 11.8 12.5 13.2
1 10.6 11.2 11.7 12.4 13.2 14.0 14.8
2 11.7 12.3 12.9 13.7 14.6 15.4 16.3
3 12.7 13.4 14.0 14.9 15.8 16.7 17.6
4 13.5 14.2 14.9 15.9 16.7 17.6 18.5
5 14.2 14.9 15.6 16.5 17.4 18.3 19.1
6 14.6 15.3 16.1 17.0 17.9 18.7 19.6
7 14.9 15.7 16.4 17.4 18.2 19.1 19.9
8 15.1 15.8 16.6 17.6 18.5 19.3 20.1
9 15.3 16.0 16.8 17.8 18.7 19.4 20.2

10 15.4 16.1 16.9 18.0 18.8 19.5 20.3
11 15.4 16.1 17.0 18.0 18.8 19.6 20.4
12 15.5 16.2 17.1 18.1 18.9 19.6 20.4

Table 8. Calf circumference centile values in girls from birth till 12-month of age.

Age (months) P3 P10 P25 P50 P75 P90 P97
0 9.5 9.9 10.4 11.0 11.6 12.2 12.9
1 10.7 11.3 11.8 12.4 13.1 13.8 14.5
2 12.0 12.6 13.1 13.8 14.5 15.2 15.9
3 13.1 13.6 14.2 14.9 15.6 16.3 17.1
4 13.9 14.5 15.0 15.7 16.5 17.2 18.0
5 14.5 15.1 15.6 16.3 17.1 17.8 18.6
6 14.8 15.4 16.0 16.8 17.5 18.2 19.0
7 15.1 15.6 16.3 17.0 17.7 18.5 19.3
8 15.3 15.9 16.5 17.3 17.9 18.7 19.5
9 15.4 16.0 16.6 17.4 18.1 18.8 19.7

10 15.5 16.1 16.7 17.5 18.2 18.9 19.7
11 15.6 16.2 16.8 17.6 18.3 19.0 19.8
12 15.6 16.2 16.8 17.6 18.3 19.0 19.8
Boys Girls

Age (months) Age (months)

F ig u re  4: Calf circumference centile distribution in boys and girls from birth till 12-month of age.
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Table 9. Upper aim circumference (cm) for body length (cm) centile values in boys and girls.

P3 P10 P25 P50 P75 P90 P97 Body length P3 P10 P25 P50 P75 P90 P97

9.0 9.3 9.7
Boys
10.2 10.8 11.4 12.3 51 8.2 8.8 9.4

Girls
10.0 10.7 11.2 11.7

9.2 9.6 10.0 10.4 11.1 11.7 12.6 52 8.5 9.1 9.7 10.4 11.0 11.6 12.1
9.5 9.8 10.2 10.7 11.3 12.0 12.9 53 8.8 9.5 10.1 10.8 11.4 12.0 12.6
9.7 10.0 10.4 11.0 11.6 12.3 13.2 54 9.2 9.8 10.4 11.1 11.8 12.4 13.0
9.9 10.3 10.7 11.2 11.9 12.6 13.5 55 9.5 10.1 10.7 11.4 12.2 12.8 13.5

10.1 10.5 11.0 11.5 12.2 12.9 13.8 56 9.8 10.4 11.1 11.8 12.5 13.2 13.9
10.4 10.8 11.2 11.8 12.5 13.2 14.1 57 10.1 10.7 11.4 12.1 12.9 13.6 14.3
10.6 11.0 11.5 12.1 12.8 13.5 14.4 58 10.4 11.0 11.7 12.4 13.2 13.9 14.7
10.9 11.3 11.8 12.4 13.1 13.8 14.7 59 10.7 11.3 11.9 12.7 13.5 14.2 15.0
11.1 11.5 12.0 12.7 13.4 14.1 14.9 60 11.0 11.6 12.2 12.9 13.7 14.5 15.3
11.3 11.8 12.3 12.9 13.7 14.4 15.2 61 11.2 11.8 12.4 13.2 14.0 14.8 15.6
11.6 12.0 12.6 13.2 13.9 14.7 15.5 62 11.5 12.0 12.6 13.4 14.2 15.0 15.9
11.8 12.3 12.8 13.5 14.2 14.9 15.7 63 11.7 12.3 12.8 13.6 14.4 15.2 16.1
12.0 12.5 13.0 13.7 14.4 15.2 15.9 64 11.9 12.5 13.0 13.7 14.5 15.3 16.2
12.2 12.7 13.3 13.9 14.7 15.4 16.1 65 12.1 12.6 13.2 13.9 14.7 15.5 16.4
12.4 12.9 13.5 14.1 14.9 15.6 16.3 66 12.3 12.8 13.4 14.0 14.8 15.6 16.5
12.6 13.1 13.7 14.3 15.1 15.7 16.5 67 12.5 13.0 13.5 14.1 14.9 15.7 16.6
12.7 13.3 13.8 14.5 15.2 15.9 16.6 68 12.6 13.1 13.6 14.3 15.0 15.8 16.7
12.8 13.4 14.0 14.7 15.4 16.0 16.7 69 12.8 13.2 13.7 14.3 15.1 15.8 16.8
13.0 13.5 14.1 14.8 15.5 16.1 16.8 70 12.9 13.3 13.8 14.4 15.1 15.9 16.8
13.1 13.7 14.2 14.9 15.6 16.2 16.9 71 13.0 13.4 13.9 14.5 15.2 16.0 16.9
13.2 13.8 14.4 15.0 15.7 16.3 16.9 72 13.1 13.5 14.0 14.6 15.3 16.0 16.9
13.3 13.9 14.5 15.1 15.8 16.4 17.0 73 13.2 13.6 14.0 14.6 15.3 16.1 17.0
13.5 14.0 14.6 15.2 15.9 16.5 17.0 74 13.3 13.7 14.1 14.7 15.4 16.1 17.0
13.6 14.1 14.7 15.3 16.0 16.5 17.1 75 13.4 13.8 14.2 14.8 15.4 16.2 17.1
13.7 14.3 14.8 15.4 16.1 16.6 17.1 76 13.5 13.9 14.3 14.8 15.5 16.2 17.1
13.9 14.4 15.0 15.6 16.2 16.7 17.2 77 13.6 14.0 14.4 14.9 15.5 16.3 17.1

Boys Girls

Body length (cm)

F igure 5: Upper arm circumference for body length centile distribution in boys and girls.
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Table 10. Lower arm circumference (cm) for body length (cm) centile values in boys and girls.

P3 P10 P25 P50 P75 P90 P97 Body length P3 P10 P25 P50 P75 P90 P97

8.2 8.4 8.7
Boys

9.2 9.7 10.3 11.0 51 8.4 8.7 9.1
Girls

9.5 10.1 10.6 11.3
8.4 8.7 9.0 9.5 10.0 10.6 11.3 52 8.6 9.0 9.3 9.8 10.3 10.9 11.6
8.7 8.9 9.2 9.8 10.3 10.9 11.6 53 8.9 9.2 9.6 10.0 10.6 11.2 11.9
8.9 9.2 9.5 10.0 10.6 11.2 11.9 54 9.1 9.4 9.8 10.3 10.9 11.5 12.3
9.1 9.4 9.8 10.3 10.9 11.5 12.2 55 9.4 9.7 10.1 10.5 11.1 11.8 12.5
9.4 9.7 10.0 10.6 11.2 11.8 12.5 56 9.6 9.9 10.3 10.8 11.4 12.1 12.8
9.6 9.9 10.3 10.9 11.4 12.1 12.8 57 9.9 10.2 10.6 11.1 11.7 12.4 13.2
9.8 10.1 10.5 11.1 11.7 12.4 13.1 58 10.1 10.4 10.8 11.3 11.9 12.6 13.4

10.0 10.4 10.8 11.4 12.0 12.7 13.3 59 10.4 10.7 11.1 11.6 12.2 12.9 13.7
10.2 10.6 11.0 11.6 12.3 12.9 13.6 60 10.6 10.9 11.3 11.8 12.4 13.0 13.9
10.4 10.9 11.3 11.9 12.5 13.2 13.8 61 10.8 11.1 11.5 12.0 12.7 13.3 14.1
10.6 11.1 11.5 12.1 12.7 13.4 14.1 62 11.0 11.4 11.7 12.2 12.9 13.5 14.4
10.8 11.3 11.7 12.3 13.0 13.6 14.3 63 11.2 11.6 11.9 12.4 13.1 13.7 14.6
11.0 11.5 11.9 12.6 13.2 13.9 14.6 64 11.4 11.8 12.1 12.6 13.2 13.9 14.7
11.2 11.7 12.2 12.8 13.4 14.1 14.7 65 11.6 11.9 12.3 12.8 13.4 14.0 14.9
11.5 11.9 12.4 13.0 13.6 14.3 14.9 66 11.8 12.1 12.4 12.9 13.5 14.1 15.0
11.6 12.1 12.5 13.1 13.8 14.4 15.1 67 11.9 12.2 12.6 13.0 13.6 14.3 15.2
11.7 12.2 12.7 13.3 13.9 14.5 15.2 68 12.1 12.4 12.7 13.1 13.7 14.4 15.2
11.9 12.3 12.8 13.4 14.1 14.7 15.4 69 12.2 12.5 12.8 13.2 13.8 14.5 15.3
12.0 12.4 12.9 13.6 14.2 14.9 15.5 70 12.3 12.6 12.9 13.3 13.9 14.6 15.4
12.1 12.5 13.1 13.7 14.4 15.0 15.6 71 12.4 12.6 12.9 13.4 13.9 14.6 15.5
12.2 12.6 13.2 13.9 14.4 15.1 15.6 72 12.4 12.7 13.0 13.4 14.0 14.7 15.5
12.2 12.7 13.3 13.9 14.5 15.1 15.7 73 12.5 12.8 13.1 13.5 14.1 14.7 15.6
12.3 12.8 13.3 14.0 14.6 15.2 15.8 74 12.6 12.8 13.1 13.5 14.1 14.8 15.6
12.4 12.8 13.4 14.1 14.6 15.3 15.9 75 12.7 12.9 13.2 13.6 14.1 14.8 15.6
12.4 12.9 13.5 14.1 14.7 15.3 15.9 76 12.8 12.9 13.2 13.6 14.2 14.8 15.7
12.4 13.0 13.5 14.2 14.7 15.4 16.0 77 12.8 13.0 13.3 13.7 14.2 14.9 15.7

Boys

Body length (cm)

Girls

Body length (cm)

F igure 6: Lower arm circumference to body length centile distribution in boys and girls.
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Table 1 1. Thigh circumference (cm) for body length (cm) centile values in boys and girls.

P3 P10 P25 P50 P75 P90 P97 Body length P3 P10 P25 P50 P75 P90 P97

12.7 13.2 13.9
Boys
14.6 15.4 16.2 17.0 51 12.4 13.4 14.3

Girls
15.4 16.4 17.2 18.1

13.1 13.7 14.4 15.2 16.0 16.8 17.6 52 13.0 14.0 15.0 16.1 17.1 18.0 18.9
13.6 14.2 14.9 15.7 16.6 17.4 18.3 53 13.6 14.6 15.7 16.8 17.8 18.8 19.7
14.1 14.7 15.4 16.3 17.1 18.0 18.9 54 14.2 15.3 16.3 17.4 18.6 19.6 20.6
14.6 15.2 16.0 16.8 17.7 18.6 19.5 55 14.9 15.9 16.9 18.1 19.3 20.3 21.3
15.1 15.8 16.5 17.4 18.3 19.2 20.2 56 15.4 16.5 17.6 18.8 20.0 21.0 22.1
15.6 16.3 17.0 17.9 18.9 19.8 20.8 57 16.0 17.1 18.2 19.4 20.6 21.7 22.8
16.1 16.8 17.6 18.5 19.5 20.5 21.5 58 16.6 17.7 18.8 20.0 21.3 22.4 23.5
16.6 17.3 18.1 19.1 20.1 21.1 22.2 59 17.2 18.2 19.3 20.6 21.8 23.0 24.1
17.1 17.9 18.7 19.6 20.7 21.7 22.8 60 17.7 18.8 19.9 21.1 22.4 23.5 24.7
17.6 18.4 19.2 20.2 21.3 22.3 23.4 61 18.2 19.2 20.3 21.6 22.9 24.0 25.2
18.1 18.9 19.7 20.7 21.8 22.9 24.0 62 18.7 19.7 20.8 22.0 23.3 24.5 25.7
18.6 19.4 20.2 21.3 22.4 23.5 24.6 63 19.1 20.1 21.2 22.4 23.7 24.9 26.1
19.0 19.8 20.7 21.8 22.9 24.0 25.2 64 19.5 20.5 21.5 22.7 24.0 25.2 26.4
19.5 20.3 21.2 22.2 23.4 24.5 25.7 65 19.8 20.8 21.8 23.0 24.3 25.5 26.7
19.8 20.6 21.6 22.7 23.8 24.9 26.1 66 20.1 21.1 22.1 23.3 24.5 25.7 26.9
20.2 21.0 22.0 23.0 24.2 25.3 26.5 67 20.3 21.3 22.3 23.5 24.7 25.9 27.1
20.5 21.3 22.3 23.4 24.5 25.7 26.8 68 20.6 21.5 22.5 23.7 24.9 26.1 27.3
20.8 21.6 22.6 23.7 24.9 26.0 27.1 69 20.8 21.7 22.7 23.8 25.1 26.2 27.5
21.1 21.9 22.8 23.9 25.1 26.3 27.3 70 20.9 21.9 22.9 24.0 25.2 26.4 27.6
21.3 22.1 23.1 24.2 25.4 26.5 27.5 71 21.1 22.0 23.0 24.1 25.4 26.5 27.8
21.4 22.3 23.2 24.3 25.5 26.7 27.7 72 21.3 22.2 23.1 24.3 25.5 26.7 27.9
21.6 22.4 23.4 24.6 25.7 26.8 27.8 73 21.5 22.4 23.3 24.4 25.6 26.8 28.0
21.7 22.6 23.6 24.7 25.8 26.9 27.9 74 21.6 22.5 23.4 24.5 25.8 26.9 28.2
21.8 22.7 23.7 24.8 25.9 27.1 28.0 75 21.8 22.6 23.6 24.7 25.9 27.1 28.2
21.9 22.8 23.8 24.9 25.9 27.1 28.0 76 21.9 22.8 23.7 24.8 26.0 27.1 28.3
22.1 22.9 23.8 25.1 26.0 27.2 28.1 77 22.1 22.9 23.8 24.9 26.1 27.2 28.4

Boys Girls

Figure 7: Thigh circumference to body length centilc distribution in boys and girls.
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Table 12. Calf circumference (cm) for body length (cm) centile values in boys and girls.

P3 P10 P25 P50 P75 P90 P97 Body length P3 P10 P25 P50 P75 P90 P97

9.3 9.6 10.0
Boys
10.5 11.2 11.9 12.8 51 9.0 9.7 10.4

Girls
11.4 12.4 13.4 14.5

9.6 10.0 10.4 10.9 11.6 12.3 13.3 52 9.4 10.1 10.8 11.8 12.8 13.8 15.0
9.9 10.3 10.7 11.3 12.0 12.8 13.7 53 9.8 10.5 11.2 12.2 13.2 14.3 15.4

10.2 10.7 11.1 11.7 12.4 13.2 14.1 54 10.2 10.9 11.6 12.6 13.6 14.7 15.8
10.6 11.0 11.5 12.1 12.9 13.7 14.6 55 10.6 11.3 12.0 13.0 14.0 15.1 16.3
10.9 11.4 11.9 12.5 13.3 14.1 15.0 56 11.0 11.7 12.4 13.4 14.4 15.5 16.7
11.2 11.7 12.3 12.9 13.7 14.5 15.4 57 11.4 12.1 12.8 13.8 14.8 15.9 17.1
11.6 12.1 12.7 13.4 14.1 15.0 15.9 58 11.8 12.5 13.2 14.2 15.2 16.3 17.4
11.9 12.4 13.0 13.7 14.6 15.4 16.3 59 12.2 12.9 13.6 14.5 15.6 16.6 17.8
12.2 12.8 13.4 14.1 15.0 15.8 16.7 60 12.6 13.2 14.0 14.9 15.9 16.9 18.1
12.5 13.1 13.7 14.5 15.3 16.1 17.0 61 12.9 13.6 14.3 15.2 16.2 17.2 18.3
12.8 13.4 14.1 14.8 15.7 16.5 17.4 62 13.2 13.9 14.6 15.5 16.5 17.5 18.6
13.1 13.7 14.4 15.2 16.0 16.8 17.7 63 13.5 14.1 14.8 15.8 16.7 17.7 18.7
13.4 14.0 14.7 15.5 16.3 17.1 18.0 64 13.7 14.3 15.1 15.9 16.9 17.8 18.9
13.7 14.3 15.0 15.8 16.7 17.4 18.2 65 13.9 14.5 15.2 16.1 17.1 18.0 19.1
14.0 14.6 15.3 16.1 16.9 17.7 18.5 66 14.0 14.7 15.4 16.3 17.2 18.1 19.1
14.2 14.9 15.6 16.4 17.2 17.9 18.7 67 14.2 14.8 15.6 16.4 17.3 18.2 19.2
14.4 15.1 15.8 16.6 17.4 18.1 18.8 68 14.3 14.9 15.7 16.6 17.5 18.3 19.4
14.6 15.3 16.0 16.8 17.6 18.3 18.9 69 14.5 15.1 15.8 16.7 17.6 18.3 19.5
14.8 15.5 16.2 17.0 17.7 18.4 19.1 70 14.6 15.2 15.9 16.8 17.7 18.4 19.6
15.0 15.7 16.4 17.1 17.9 18.5 19.2 71 14.7 15.3 16.1 16.9 17.7 18.5 19.6
15.2 15.9 16.5 17.3 18.0 18.6 19.3 72 14.8 15.4 16.1 17.0 17.8 18.5 19.7
15.3 16.0 16.7 17.4 18.1 18.7 19.4 73 14.8 15.5 16.2 17.1 17.9 18.6 19.8
15.5 16.1 16.8 17.5 18.2 18.8 19.5 74 14.9 15.6 16.3 17.1 17.9 18.7 19.9
15.6 16.3 16.9 17.6 18.3 18.9 19.5 75 15.0 15.7 16.3 17.2 18.0 18.8 19.9
15.8 16.4 17.0 17.7 18.4 19.0 19.6 76 15.1 15.7 16.4 17.3 18.1 18.9 20.0
15.9 16.5 17.1 17.8 IS.5 19.0 19.7 77 15.2 15.8 16.4 17.4 18.1 18.9 20.0

Boys Girls

e

Body length (cm)

F ig u re  8: Calf circumference to body length centile distribution in boys and girls.
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The growth of the studied limb circumferences for body length also shows a decrease 
by body length in both genders, but in this case a sexual dimorphism appears: around 70- 
72 cm body length in the boys and around 65-67 cm body length in the girls (Figs 5-8, 
Tables 9-12. The statistical analysis of this assumed sexual difference does not confirm 
this tendency (p>0.05).

Conclusions

Retarded infant body development could be an outcome of retardation both in 
intrauterine and postnatal growth, as well as perinatal complications (de Bruina et al. 
1998, Embleton et al. 2001, Kanaka-Gantenbein and Mastorakos 2003). The aim of the 
practicing paediatricians is first to find the genetic or environmental factors that led to the 
abnormal growth and then treat this outcome. Growth charts and references are the easiest 
tools for this diagnostic and treating process.

Infant growth charts are appropriate tools not only for screening growth retardations, 
but also can be used for diagnose abnormal muscular development. To get developmental 
estimation and maturity determination as precise as possible, the authors suggest (1) the 
examination o f all the studied limb circumferences both for age and body length; and 
(2) the 3rd and 97th centile values as critical values of abnormal intrauterine growth and 
development.

The presented results are based on the analysis o f more than 380 infants’ 
measurements. Our further aim is to extend our sample to make our growth charts as 
precise as possible and to give a really useful tool for screening retarded, delayed growth 
and musculo-skeletal development in infants.

*

Acknowledgement: The authors express their thanks to Robert Wilhelm MD for measurements in 
his praxis.
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