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Birth Weight, Lenght and Head Circumference Percentiles by
Gestational Age and Gender of Term Neonates in Tuzla Canton

INTRODUCTION 

The second half of the twentieth century is 
characterised by the impressive progress 
in knowledge on human growth, which has 
been described lately from morphological 
and physiological aspect. It has been found 
out that fetus does not have a constant in-
trauterine growth and it has become clear 
that many consequent health problems 
depend on the birth weight of infant, so 
that studying of intrauterine growth has 
become of a great clinical importance.[1] 
Birth weight, like growth, is determined 
by the complex interplay of genetic and 
environmental factors. The proportional 
contribution of these influences is unclear. 
However, birth weight varies within geneti-
cally similar populations, another date [1-
3] suggesting that environmental factors 
play a significant role. Environmental fac-
tors with a known association with birth 

weight are nutrition, smoking, maternal ill 
health, and genital infection. Good socio-
economic conditions are associated with 
proper diet and good medical care of preg-
nant women and thus are important for 
ap-propriate growth of the fetus and birth 
weight of live born infants. The association 
of other factors such as stress and exposure 
to some types of work during pregnancy 
remains unproven.[4,5] Birth weight also 
shows a reverse social gradient such that 
increasing disadvantage is associated with 
decreasing birth weight. 

Percentile curves of growth are a useful pa-
rameter for assessing effectiveness of pre-
natal medical care and indirect indicators 
of the share of the at-risk newborns in the 
newborn population. It is specific for each 
environment, obtained from measuring of 
many infants from carefully selected, rep-
resentative population group. According 
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Background. In University Clinical Center Tuzla, Department of Obstetrics and Gynaecol-
ogy is using reference data from 1974 developed for the infants born in Belgrade (Serbia). It 
estimates the standards of term infants for neonatal weight, length and head circumference.

Aim. This study was create to develop charts for birth weight, lenght and head circumference 
specific to gestational age, gender and parity for term singleton infants in Tuzla Canton.

Methods. The study was conducted at University Clinical Center Tuzla, Department of Ob-
stetrics and Gynecology, a primary obstetrical care facility for residents of Tuzla Canton over 
the one-year period. During the one year study period, 01.01.- 31.12.2009, there were 4106 
infants born at 37th to 41th weeks of gestation (GW), 2168 (52.8 %) males and 1938 (47.2%) 
females. We analysed gestational age, birth weights, body length and head circumference.

Results. Females infants of primiparae, born at 40th gestational week, had the lowest me-
dian birth weight, 3500 g, followed by female infants of multiparae, 3640 g, and male infants of 
primiparae, 3650 g. The greatest median birth weight, 3730 g, had male infants of multiparae. 
Median birth length value at the 40th gestational week for male infants of primiparae and 
multiparae, as well as female infants of multiparae is the same, 55 cm, while is lower in female 
infants of primiparae (54 cm). There is no difference in median head circumference at the 40th 
gestational week between female infants of primiparae and multiparae, and male infants of 
primiparae (35 cm). Mean birth weight and length of liveborn infants at 37. to 41. gestational 
week differed significantly between certain parities (F=8,723, Df=2, p<0,001; F=3,292, Df=2, 
p=0,037, respectively). No significant difference was found for head circumference (F=0,983, 
Df=2, p=0,374).

Conclusion. The average birth weight of infants within Tuzla Canton is bigger in comparison 
with the centile that have been used so far.
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to definition, percentile curves of growth compare the 
neonatal birth weight with gestational age, to deter-
mine the success of fetal growth. The basis is data about 
birth weight for each completed gestational week, from 
which the longitudinal sample of fetal growth is de-
rived for certain population group. Statistical analysis 
of neonatal population group, in fact neonatal birth 
weight and length in relation to gestational age, gender 
of a child and mother’s parity are the basis for calcula-
tion of average values with standard deviations.[5] Al-
though the clinical focus of neonatologists is the care 
for infants, it is necessary to monitor the standards of 
intrauterine growth to identify the infants with risk fac-
tors, which could affect further quality of life and devel-

opment of diseases in further life.[6,7] 

In former Yugoslavia, several attempts have been made 
to develop intrauterine growth standards: in Croatia 
Dražančić and Latin in 1972,[8,9] in Serbia Ljiljana 
Nikolić in 1973 and Zagorka Radojković in 1974,[10,11] 
in Monte Negro, intrauterine growth standards were 
developed by Kaluđerović in 1982.[12] Bosnia and 
Herzegovina did not have its own intrauterine growth 
standards, so that the intrauterine growth standards of 
Zagorka Radojković, developed for the infants born in 
Belgrade in 1974, were used. 

In the past years, several definitions have been used for 
small for gestational age (SGA), ranging from a birth 

Variables 
Gestational

(Weeks)
Number (N) Percentiles

  3 10 50 90 97

Birth weight 
(g) 
 
 
 
 
 
 

≤ 36 162  1160.00 1650.00 2665.00 3400.00 3700.00

37 92 2300.00 2506.00 3000.00 3585.00 3810.00

38 341 2635.00 2850.00 3300.00 3800.00 4110.00

39 780 2665.00 3001.00 3550.00 4100.00 4400.00

40 886 2900.00 3150.00 3700.00 4250.00 4500.00

41 67 2800.00 3280.00 3700.00 4220.00 4575.00

≥ 42 5 3080.00 3080.00 3650.00 3900.00 3900.00

Birth length 
(cm) 
 
 
 
 
 

≤ 36 162 41.00 42.00 50.00 53.70 55.00

37 92 47.00 48.00 51.00 55.00 55.00

38 341 49.00 50.00 53.00 57.00 57.00

39 780 50.00 51.00 54.00 57.00 58.00

40 886 51.00 52.00 55.00 58.00 59.00

41 67 52.00 53.00 55.00 58.20 60.00

  ≥ 42 5 53.00 53.00 55.00 . .

Head 
circumference 
(cm) 
 
 
 
 
 
 
 

≤ 36 162 29.00 30.00 33.00 35.00 36.00

37 92 32.00 32.00 34.00 36.00 36.00

38 341 32.00 33.00 35.00 36.40 37.00

39 780 33.00 33.00 35.00 37.00 37.00

40 886 33.00 34.00 35.50 37.00 37.50

41 67 34.00 34.00 36.00 37.60 38.60

≥ 42 5 33.00 33.00 34.00 . .

Table 1. Birth weight, length and head circumference percentiles by gestational age for male infants of pri-
miparae and multiparae
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weight and/or length below the 10th to 3rd percentile 
or -2 SD for gestational age. In 2001, the International 
SGA Advisory Board Panel reached consensus on the 
definition of SGA, by defining SGA as a birth weight 
and/or length below -2 standard deviations for gesta-
tional age. This was confirmed in the consensus state-
ment of 2007. Infants are considered large for gesta-
tional age (LGA) if their birth weight is greater than the 
90th percentile for gestational age, although some re-
strict the definition to greater than the 97th percentile 
(2 standard deviations above the mean).[13] 

The objective of this study was to create charts for birth 
weight, lenght and head circumference specific to ges-
tational age and  gender for term singleton infants in 

Tuzla Canton. 

METHODS 

The study was conducted at University Clinical Center 
Tuzla, Department of Obstetrics and Gynecology, a pri-
mary obstetrical care facility for residents of Tuzla Can-
ton over the one-year period. 

During the one year study period 01.01-31.12.2009, 
there were 4431 live infants born at 37th to 41th weeks 
of gestation (GW).    

From the live born infants, exclusions were made for 
missing growth data (N=78; 1.8 % of total sample), un-

Variables 
Gestational  
(Weeks) 

Number (N)   Percentiles         

      3  10  50  90  97 

Birth weight 
(g) 
 
 
 
 
 
 

≤ 36  153  1270,00  1800,00  2600,00  3100,00  3360,00 

37  97  2380,00  2490,00  2950,00  3400,00  3655,00 

38  419  2700,00  2800,00  3200,00  3700,00  3850,00 

39  702  2800,00  2900,00  3400,00  3900,00  4050,00 

40  689  2975,00  3100,00  3550,00  4100,00  4285,00 

41  33  2988,00  3050,00  3500,00  4130,00  4289,00 

≥ 42  5  2400,00  2400,00  2530,00  .  . 

Birth length 
(cm) 
 
 
 
 
 
 

≤ 36  153  41,70  43,00  49,00  53,00  54,00 

37  97  47,00  48,00  51,00  54,00  55,00 

38  419  49,00  50,00  53,00  55,00  56,00 

39  702  50,00  51,00  54,00  56,00  57,00 

40  689  51,00  52,00  54,00  57,00  58,50 

41  33  51,00  52,40  54,00  57,00  57,30 

≥ 42  5  49,00  49,00  50,00  .  . 

Head 
circumference 
(cm) 

 
 
 
 
 
 

 

≤ 36  153  27,00  29,00  32,50  34,50  35,00 

37  97  30,00  32,00  33,50  35,00  36,00 

38  419  32,00  32,00  34,00  36,00  36,00 

39  702  32,00  33,00  34,50  36,00  36,50 

40  689  33,00  33,00  35,00  36,00  37,00 

41  33  33,00  33,70  35,00  36,00  36,65 

≥ 42  5  31,00  31,00  32,00  .  . 

Table 2. Birth weight, length and head circumference percentiles by gestational age for female infants of 
primiparae and multiparae
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known gender (N=2; 0.04 %), factors with a known or 
suspected negative impact on intrauterine growth (eg, 
multiple births, congenital anomalies, mortality before 
discharge) (N=190; 4.2 %) and physiologically improb-
able growth measurements (N=55; 1.2 %).  

The final sample included  4106 infants born at 37th 
to 41th GW, 2166 (52.7 %) males and 1940 (47.3%) 
females.

We analysed gestational age, birth weight, body length 
and head circumference (HC). Gestational age at birth 
was estimated using a combination of date of last 
menstrual period and ultrasound examination when 
available. When there was a discrepancy of >14 days 
between these estimates, the ultrasound estimate was 
preferred. 

In 80% cases early ultrasound is being fair for assess-
ing gestational age. If these data were not available, 
gestational age was assessed on the basis of external 
physical characteristics of the newborn.[14] 

The birth weight that was measured in our department 
by trained nurses for analysis was the first weight mea-
sured in a newborn within the first hour of life. Birth 
weight of infants without diapers and with the umbili-
cal cord shorter than 10 cm was measured using spring 
scales to the nearest 1 g. Birth length (using measuring 
tape to nearest centimeter) was measured from crown 
to heal in a newborn with completely extended legs 
and feet at the angle of 90°. Head circumference (using 
measuring tape to nearest centimeter) was measured, 
by a physician, with a non-stretchable measuring tape 
around the glabellas and the occipital protuberance at 
the largest occipital-frontal circumference at birth, and 
again at discharge in cases of caput succedaneum or 
cephalhematoma. 

STATISTICAL ANALYSIS 

Gender-specific weight-, length-, and HC-for-age intra-
uterine curves were created in this study. LmsChart-
Maker Pro 2.315 was used to create smoothed per-

Figure 1. Percentile curves for birth weight for male infants

Figure 2. Percentile curves for birth weight for female infants
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centile curves for the 3rd, 10th, 50th, 90th, and 97th 
percentiles from these raw data. Cole’s Lambda Mu 
Sigma (LMS) method estimates 3 age-specific param-
eters: a Box-Cox power transformation of skewness 
(L), median (M), and coefficient of variation (S) that 
correspond to the relationships in the following for-
mulas: z = [(X/M)L − 1]/LS, where X is the measured 
value of weight (in kg), length, or HC; and Centile = M(1 
+ LSZ)1/L, where Z is the z score that corresponds to 
a given percentile. The curves were developed so that 
the resulting z scores follow a normal distribution and 
then were smoothed and converted to percentiles for 
clinical use.[15]

The rule of median ± 5 standard deviations was used 
to exclude neonates with implausible anthropometric 
measurements for gestational age. In a few cases, ex-
pert clinical opinion was used as well. Analysis by the 
rule of median ± 5 SD or clinical expertise excluded 55 
neonates. We have calculated the measures of central 
tendency and dispersion measures for the observed 
variables. 

Differences in categorical data between the study peri-
ods were assessed by ANOVA, Fishers F- test and Tukey 
test.[16] The programme package SPSS for Windows 
was used for data processing (p<0.05 was considered 
statistically significant). 

RESULTS 

The final sample included 4106 infants born at 37th 
to 41th GW, 2166 (52.7 %) males and 1940 (47.3%) 
females. Percentiles for each observed feature were 
calculated and curves were presented, and the results 
were separately shown for male and female infants 
(Tables 1 and 2). 

Tables 1-2 show 3rd, 10th, 50th (median), 90th, and 
97th percentile for birth weight, length and head cir-
cumference for male and female infants.

Final weight curves for male and female infants are 
presented in Figure 1 and 2. 

Female infants of primiparae, born at 40th GW, had the 
lowest median birth weight, 3500 g, followed by fe-
male infants of multiparae, 3640 g, and male infants of 
primiparae, 3650 g. The greatest median birth weight, 
3730 g, had male infants of multiparae. Median birth 
length value at the 40th GW for male infants of pri-
miparae and multiparae, as well as female infants of 
multiparae is the same (55 cm) while is lower in female 
infants of primiparae (54 cm). There is no difference 
in median head circumference at the 40th GW between 
female infants of primiparae and multiparae, and male 
infants of primiparae (35 cm). Greater median value 
of head circumference was observed in male infants of 

multiparae (35.5 cm). 

Mean birth weight and length of liveborn infants dif-
fered significantly between certain parities (F=8.723, 
Df=2, p<0.001; F=3.292, Df=2, p=0.037, respectively). 
No significant difference was found for head circumfer-
ence (F=0.983, Df=2, p=0.374), (Table 3). 

Mean birth weight and length differed significantly be-
tween infants of primiparae and 2. gravida (p<0.001, 
p=0.037, respectively), while no significant difference 
was found between other groups for birth weight, 
length and head circumference. 

DISCUSSION 

We developed a new set of weight, length, and head cir-
cumference  for age intrauterine growth curves for the 
assessment of term infants in Tuzla, Bosnia and Herze-
govina. The advantages of these curves are the inclu-
sion of the 3 routine growth measurements (weight, 
length, and head circumference) on the same infants at 
birth; for male and female infants to mother’s parity. 
Our exclusions resulted in a sample of healthy, single-
ton infants to create standard-type growth curves that 
represent an estimate of optimal growth. Our results 
can be considered valid in terms of the two main chal-
lenges in formulating reference growth curves for new-
borns: gestational age assessment and birth weight for 
gestation. 

As greater emphasis is placed on detecting neonatal 
hazards immediately after birth, additional aids to di-
agnosis are needed. A useful adjunct to other observa-
tions during the early hours after birth is the recording 
of the baby’s weight, length, and head circumference on 
the intrauterine growth charts. 

The position of the infant’s measurements on the charts 
may indicate that he is within the usual boundaries of 
growth for his gestational age, he may be near to or out-
side of the extremes of normal growth, or there may 
be discrepancies between the percentile positions of 
weight, length, and head circumference. 

Median birth weight for male infants born at 40th GW 
was 3700 g, and for female infants it was 3550 g. Male 
infants had the greater median birth weight than fe-
male infants.  

The mean value of birth weight at 40th GW that is so far 
used by Zagorka Radojković, which relates to children 
born in Belgrade was 3378 g.[11]  

Similar to previous studies, we found that birth size 
differs by gender. Lubchenco et al[17] noted small but 
significant differences in weight between boys and girls 
born at 38th to 41th GW. Thomas et al[18] found that 
girls on average were 95 g lighter, were 0.6 cm shorter, 

Variable  Primiparae  2. gravida  Multiparae  P 

Birth weight (g) X±SD  3485.49 ± 443.42  3521.53± 463.31  3517.89 ± 456.90  p<0,001 

Birth lenght (cm) X±SD  53.86 ± 2.59   53.07± 2.60  53.94 ± 2.61   p=0,037 

Head circumference (cm) X±SD  34.75 ± 1.43  34.82 ± 1.46  34.79 ± 1.55  p= NS 

Table 2. Mean (and standard deviation) for birth weight, lenght and head circumference by parity
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and had 0.6 cm smaller HC. The average differences in 
our study were comparable to those of the study by 
Thomas et al (150 g, 1 cm, and 0.5 cm, respectively). 

The results in 2002 from Tuzla shown that the average 
birth weight was 3520 g. It was higher then in other cit-
ies and regions.[19,20] Comparing our results with the 
results of the others authors, our infants have greater 
birth weight then the others. The average body weight 
at birth at the 40th GW in Zagreb was 3231 g, in Bel-
grade 3378 g, in Novi Sad 3344 g, and in Niksic 3400 
g. [8,10,12] Our infants of both gender are heavier and 
longer than the infants from the Croatian hospital Nova 
Bila (Bosnia and Herzegowina), as well as the infants 
from Republic Croatia, and Canada.[21,22,23] The 
mean value of birth weight of female infants born at 
the 40th GW in Europe was 3639.5 g, in China 3373.3 
g, and in Asia 3376.1 g. According to the available sta-
tistics, the median birth weight for U.S. singleton, full-
term (40th GW) births is nearly 3500 g. 

The average birth weight of a full-term newborn is 
approximately 3200 g in the developed world, where 
mothers enjoy the benefits of advanced technology, but 
is typically in the range of 2700 to 4600 g. In general, 
according to the studies conducted, male infants weight 
100 g more than female at birth.[24]

Gestational age had the largest influence on each 
growth parameter. The values of birth weight are in-
creasing continuously with higher gestational age. Par-
ity and gender both had effects on birth weight. Results 
of our assessment have shown statistically important 
discrepancy in mean birth weight and length by par-
ity, but not in head circumference. The greatest medi-
an birth weight, 3730 g, at 40th GW had male infants 
of multiparae. Females infants of primiparae, born at 
40th GW, had the lowest median birth weight, 3500 g, 
followed by female infants of multiparae, 3640 g, and 
male infants of primiparae, 3650 g. Primipare had av-
erage birth weight for 68.51 g smaller then 2. gravida, 
and for 62. 58 g smaller then multipare. 

Head circumference at birth is an important measure of 
intrauterine growth, reflecting accurately brain growth 
and predicting subsequent development. Standards 
need to reflect the population and the factors that af-
fect intrauterine growth in the population and must 
be constructed in a manner that is clinically useful and 
predictive. Many of the present standards used to as-
sess newborn infants are inadequate because of the 
limitations of sample size and study design. As a result, 
the current standards are adequate for infants between 
37-41 weeks of gestational age. [25] 

Centile charts of birth weight for gestational age are 
a valuable tool in many epidemiological studies. They 
are providing important information about infants 
with higher risk of neonatal or postnatal morbidity. It 
is necessary that the charts used are representative of 
the population to which they are applied. A number of 
standards are available based on births occurring in 
various European countries, mostly using data from the 
1980s and the 1990s.[21] There are clear differences 
between the centiles calculated here from recent data 
and those in current use in European countries which 

are based on data from 1975–1989. In recent years a 
number of centiles charts have been constructed using 
the method developed by Gardosi. This method aims to 
give a fetal weight standard and requires only data for 
term births from the population of interest.[26] 

For more than half a century, clinicians and investiga-
tors have proposed reference data for assessing birth 
weight for gestational age. These references have 
been used by clinicians and researchers to assess fe-
tal growth in individual infants and in populations. It 
is hard to define normal fetal growth, because growth 
standards for birth weight and length in certain en-
vironments are changed throughout the times due to 
growth and influence of other external factors, such as 
climate living conditions, nutrition, and way of life. 

Our study is limited by inability to report growth stan-
dards for infants of less than 37 weeks of  gestation. We 
described growth curves for weight, length, and head 
circumference for male and female infants between 37 
and 41 weeks’ gestation. 

CONCLUSION 

We present  recent  growth reference  for term singleton 
neonates in Tuzla Canton. Compared with birth  weight  
from the 1970s, these current norms are heavier for 
term neonates. Our intrauterine growth curves created 
and validated in this study, based on a contemporary, 
provide clinicians with an updated tool for growth as-
sessment. 
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