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A B S T R A C T

In a cross-sectional study of growth, 5,260 healthy children of both sexes from Zagreb (Croatia) aged 2 to 18 years
were measured. Six transversal body dimensions were studied: biacromial, transverse chest, antero-posterior chest, bii-
liocristal, bicondylar humerus and bicondylar femur diamters. A significant increase in body diameters has been obser-
ved until the age of 14 to 15 in girls and until the age of 16 in boys, showing that girls have a 1 to 2 years shorter period of
growth. Compared to boys of the same age, they achieved larger amounts of final transversal bone size throughout the
whole growth period. The most pronounced example was the knee diameter that in girls attained 95% of adult size as
early as the age of 10. In both genders, the adult size is achieved earlier in widths of the extremities than in those of the
trunk. The studied transversal body segments showed different growth dynamics, which is gender-specific. While sexual
dimorphism in pelvic and shoulder diameters emerged with pubertal spurt, gender differences in chest and extremities’
diameters started early in life. In all ages, boys had larger chest, elbow and knee diameters. In pubertal age boys gained a
significantly larger biacromial diameter (from the age of 13 onwards), while girls exceeded them in biiliocristal diameter
(from 10 to 14 years). The findings of gender differences were compared to those reported for other European populations
and their growth patters were discussed comparing viewpoints.
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Introduction

Studies of height and weight changes during the pe-
riod of human growth have frequently been performed,
while changes in transversal body dimensions have not
been documented so often. In the Croatian population,
the pattern of growth in linear body dimensions and BMI
have been well documented from early childhood to adul-
thood1–3 but a detailed description of transversal dimen-
sions was given only for pubertal children4,5. Hence, in
this cross-sectional growth survey an attempt has been
made to document the growth pattern in transversal bo-
dy dimensions of Croatian children with an emphasis on
elucidating the gender differences.

The discrepancy in the knowledge about the growth
of longitudinal and transversal body dimensions, with
far less attention paid to bone growth in width, seems ab-
surd bearing in mind that »…bone growth in length and
growth in width have exactly the opposite effects on bone
strength – if bones grew only in length without increas-
ing in width, they would become unstable and break at
the same point«6. Furthermore, optimal growth of bones
in width and length during childhood and adolescence
plays an important part in the statics of the body and
prevention of fractures in late adulthood. Recent studies
show that information about the width of bones is essen-
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tial for various applications including: differential diag-
nosis7, insight in etiology and patophysiology of a num-
ber of musculo-skeletal disorders8, assessment of treat-
ment efficiency in pediatrics9,10 or sex determination in
forensic science11,12. Additionally, the knowledge of
growth of transversal body dimensions in different popu-
lations is important for understanding human morpholo-
gical variation. Since there are differences in growth pat-
terns between genders that are particularly evident at
some ages and less so at others, the aim of the present
study was twofold: 1) to examine the dynamics of growth
in diameters of the trunk (biacromial, transverse chest,
antero-posterior chest, biiliocristal) and extremities (bi-
condylar humerus, bicondylar femur) in Croatian chil-
dren and youths in the age range of 2 to 18 years, and 2)
to analyze gender differences in growth patterns for the-
se characteristics during childhood and adolescence and
to compare them to those reported for other European
populations.

Subjects and Methods

Transversal body dimensions were measured cross-
-sectionally in the sample of 5,260 healthy children
(2,648 females; 2,612 males) aged from 2 to 18 years. The
data were collected in 9 primary and secondary schools in
the city of Zagreb from April to June 1997. Additionally,
children in 4 kindergartens were measured in March and
May of 2000 and 2001. Zagreb, the capital of Croatia,
constantly experiences large-scale immigration from all
regions of the country and its population constitutes one
quarter of the total population of the country. The sam-
ple represents over 5% of the total Zagreb population
aged 2 to 18 years. The data are a subset of the database
of the Institute for Anthropological Research in Zagreb,
which comprises a wider range of anthropometric measu-
rements of Zagreb children and youth. More detailed in-
formation about the sample and method of data collec-
tion was previously presented1.

M. @ivi~njak et al.: Gender-Specific Growth Patterns, Coll. Antropol. 32 (2008) 2: 419–431

420

Fig. 1. Distance curves of transversal body dimensions (* denotes a significant difference between males and females. See Tables 1 to 6).



Anthropometric measurements included biacromial,
transverse chest, antero-posterior chest, biiliocristal, bi-
condylar humerus and bicondylar femur diameters. All
were taken as recommended by the International Biolog-
ical Program13 using the standard equipment (GMP,
Swiss). The accuracy of the measurements was 1 mm.
The age cohorts were defined chronologically (e.g., 10.00
to 10.99 years as the age cohort of 10 years).

The normality of distribution was evaluated by the
Kolmogorov-Smirnov test in each age cohort for each va-

riable. As the distributions did not differ significantly
from normal, the parametric methods of analysis were
applied. Descriptive statistics was used to present the
substantial characteristics of the data. Comparisons be-
tween genders and between successive age cohorts were
carried out by means of univariate analysis of variance
(ANOVA). The age-related changes were tested using
post hoc multiple comparison (the least significant differ-
ence – LSD). The Statistical Package for Social Science
(SPSS version 14.0) was applied.
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TABLE 1
BIACROMIAL DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years)

N X SD SE
95% CI

Min Max CV
L Bound U Bound

Females 2,648

2 37 206.8 12.0 2.0 203 211 181 229 5.8

3 54 226.5 12.3 1.7 223 230 197 258 5.4

4 62 238.8 11.5 1.5 236 242 218 270 4.8

5 99 252.4 13.8 1.4 250 255 220 295 5.5

6 115 263.3 14.2 1.3 261 266 227 296 5.4

7 177 277.6 13.9 1.0 276 280 246 315 5.0

8 143 283.1 15.5 1.3 281 286 234 318 5.5

9 179 293.4*** 17.2 1.3 291 296 241 338 5.8

10 161 306.4 18.9 1.5 303 309 245 353 6.2

11 208 319.4 21.2 1.5 317 322 248 376 6.6

12 181 330.4 20.1 1.5 327 333 275 383 6.1

13 189 337.2*** 18.9 1.4 334 340 267 379 5.6

14 209 345.4*** 17.2 1.2 343 348 284 391 5.0

15 259 349.0*** 17.1 1.1 347 351 295 397 4.9

16 227 348.0*** 17.1 1.1 346 350 299 390 4.9

17 183 349.8*** 18.9 1.4 347 353 292 396 5.4

18 165 349.5*** 16.5 1.3 347 352 302 393 4.7

Males 2,612

2 33 207.3 11.6 2.0 203 211 180 230 5.6

3 61 226.2 10.0 1.3 224 229 207 247 4.4

4 91 240.3 10.8 1.1 238 243 215 261 4.5

5 119 253.8 13.3 1.2 251 256 225 301 5.2

6 112 264.6 14.6 1.4 262 267 232 302 5.5

7 191 278.7 14.3 1.0 277 281 228 315 5.1

8 152 286.2 14.9 1.2 284 289 251 323 5.2

9 179 299.4 18.0 1.3 297 302 238 349 6.0

10 182 305.5 15.8 1.2 303 308 266 368 5.2

11 225 317.4 18.9 1.3 315 320 255 375 5.9

12 213 331.4 23.7 1.6 328 335 276 396 7.1

13 217 344.8 22.3 1.5 342 348 289 400 6.5

14 225 364.0 22.2 1.5 361 367 295 419 6.1

15 198 376.7 22.5 1.6 374 380 302 425 6.0

16 145 390.2 20.0 1.7 387 394 336 465 5.1

17 155 393.0 20.9 1.7 390 396 330 453 5.3

18 114 393.7 21.2 2.0 390 398 315 445 5.4

Significant difference between males and females obtained using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



Results

Descriptive statistics of six studied diameters in girls
and boys are shown in Tables 1 to 6. For each age cohort,
the sample size (N), mean (X ), standard deviation (SD),
standard error of mean (SE), 95% confidence interval for
mean (95% CI), minimal (Min) and maximal (Max) val-
ues and coefficient of variation (CV) are given. For each
diameter, the distance curves are presented in Figure 1
and velocity curves in Figure 2. Gender differences in
each diameter expressed in absolute (mm) as well as in
relative (%) terms are shown in Figure 3.

Biacromial diameter
The annual increase in biacromial diameter was sig-

nificant from early childhood until the age of 15 years in
females and 16 years in males. Thereafter, it changed

slightly until the age of 18 years: 0.5 mm in females and
3.5 mm in males (Figure 2). The prepubertal annual gain
was very similar in both genders. It was the highest from
2 to 3 years of age (19 mm in both genders) and the low-
est from 7 to 8 years (5.5 mm in girls and 7.6 mm in
boys), leading to nearly equal values in the period from 2
to 8 years (Table 1, Figure 1). Although boys had broader
shoulders during pre-puberty, sexual dimorphism was
significant only at the age of 9 years when the annual
gain was 13.2 in boys vs. 10.3 mm in girls (Table 1, Fig-
ure 2). A slight advantage of girls appeared at the age of
10 to 11 (1 and 2 mm, respectively), whereas the advan-
tage of boys gradually increased from 12 to 18 years
(from 1 to 44 mm, respectively) (Figure 3). The differen-
ce was significant from 13–18 years as a result of gender
differences in pubertal growth. Biacromial pubertal
spurt became evident earlier in girls, but it lasted longer
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Fig. 2. Velocity curves for transversal body dimensions.



in boys who had a higher growth velocity (19 mm at the
age of 13 to 14 years) than in girls (13 mm at the age of 10
to 12 years).

Transverse chest

Transversal chest diameter increased significantly in
early childhood, from 2 to 3 years of age in girls and from
4 to 5 years in boys. A further significant gain was docu-

mented from 5 to 15 years in girls and from 6 to 16 years
in boys. After this age, the growth slowed down and the
chest diameter gradually increased until the age of 18
years for 3.2 mm in girls and 4.8 mm in boys (Figure 2).
Boys had a constantly broader chest (Table 2, Figure 1).
The gender differences were significant in early child-
hood (ages of 2 and 5 years), in late prepubertal period (7
to 9 years of age) and in adolescence (14 to 18 years). The
difference was slight from 11 to 13 years (up to 2.6 mm)
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TABLE 2
TRANSVERSE CHEST DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years)

N X SD SE
95% CI

Min Max CV
L Bound U Bound

Females 2,638

2 37 160.0* 8.3 1.4 156 162 146 181 5.2

3 44 166.8 9.6 1.5 164 170 147 195 5.8

4 62 171.0 10.5 2.1 167 175 150 192 6.1

5 99 176.6** 11.0 1.7 173 180 155 203 6.2

6 115 182.7 10.1 1.2 180 185 157 214 5.5

7 177 190.4*** 11.8 0.9 189 192 164 228 6.2

8 143 193.8*** 12.7 1.1 192 196 156 246 6.6

9 179 198.7*** 13.9 1.0 197 201 160 242 7.0

10 161 208.3 16.2 1.3 206 211 168 256 7.8

11 208 218.8 18.0 1.2 216 221 179 267 8.2

12 181 226.1 19.8 1.5 223 229 176 280 8.8

13 189 235.2 17.5 1.3 233 238 189 290 7.5

14 209 240.9*** 17.2 1.2 239 243 197 295 7.2

15 259 249.5*** 16.1 1.0 247 251 191 304 6.4

16 227 250.1*** 13.5 0.9 248 252 220 302 5.4

17 183 251.7*** 14.8 1.1 250 254 215 306 5.9

18 165 252.7*** 14.8 1.2 250 255 216 291 5.9

Males 2,612

2 33 164.1 8.6 154 161 167 147 192 5.2

3 61 168.2 7.8 1.1 166 170 150 184 4.6

4 91 174.1 10.6 2.0 170 178 154 197 6.1

5 119 183.5 10.4 1.3 181 186 166 213 5.7

6 112 186.4 11.1 1.5 183 189 163 206 6.0

7 191 194.8 11.9 0.9 193 197 163 230 6.1

8 152 198.4 11.4 0.9 197 200 171 228 5.8

9 179 207.2 13.3 1.0 205 209 173 244 6.4

10 182 210.8 14.5 1.1 209 213 174 272 6.9

11 225 218.5 16.9 1.1 216 221 176 276 7.7

12 213 228.7 20.3 1.4 226 231 186 289 8.9

13 217 236.7 18.5 1.3 234 239 194 287 7.8

14 225 252.2 20.3 1.4 250 255 190 307 8.0

15 198 270.2 18.4 1.3 268 273 214 325 6.8

16 145 283.1 20.2 1.7 280 286 233 352 7.1

17 155 283.7 17.5 1.4 281 287 240 327 6.2

18 114 287.9 20.1 1.9 284< 292 241 332 7.0

Significant difference between males and females obtained using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



and increased gradually thereafter up to 35 mm at the
age of 18 (Figure 3).

Antero-posterior chest
Males had a consistently larger antero-posterior chest

diameter than females, from early childhood to adult-
hood; the difference was not significant only at the ages
of 10 and 11 years (Table 3, Figure 1). Interestingly
enough, in early childhood the annual gain was not signi-
ficant in either gender. After this period, the chest diame-
ter kept increasing in boys every second year (e.g. 5 to 7,
6 to 8 years) up to the age of 10. From 10 to 16 years of
age, the annual gain was significant and thereafter the
change became negligible. In females the annual gain
was significant from 4 to 15 years of age except for the
age of 7 to 8. The increase was not as dramatic as in boys
and resulted with a final difference of 25 mm (Figures 2
and 3).

Biiliocristal diameter
The consecutive annual increase in biiliocristal diam-

eter was significant from early childhood until the ages
of 15 and 16 in girls and boys respectively. In pre-puberty,
until the age of 9 years, males were in slight non-signifi-
cant advantage in the diameter (Table 5). The gender dif-
ferences increased thereafter and reached significance.
In the period from 10 to 14 years the diameter was larger
in females (from 4.2 to 8.3 mm) and after that age in ma-
les (�7 mm) (Figures 1 and 3). The final male-female dif-
ference seems to be caused by a discrepancy in maximal
annual gain of 20.5 mm in males vs. 11.7 mm in females
(Figure 2).

Bicondylar humerus
Throughout the growth period the boys had a signifi-

cantly broader bicondylar humerus diameter than the

girls. The difference increased from 1.4 mm at the age of
2 to 10.1 mm at the age of 18 (Table 5, Figures 1 and 3).
The diameter increased significantly until the age of 16
in boys and until 14 in girls (Figure 2).
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Fig. 3. Gender differences in transversal body dimensions by age;

A : X male – X female(mm),

B : 100 � (X male – X female ) / X male (%)

Fig. 4. Percentage of final size achieved during the period of growth; A: truncal diameters; B: extremities’ diameters.



Bicondylar femur

The bicondylar femur diameter was continuously sig-
nificantly larger in boys (Table 6). The difference increa-
sed from 1.8 mm at the age of 2 to more than 10 mm after
the age of 15 (Figures 1 and 3). The bicondylar femur dia-
meter increased significantly until the age of 16 in boys
and until the age of 14 in girls (Figure 2).

Gender differences in transversal body dimensions
changed markedly from childhood till adulthood, which
is best illustrated by Figure 3. The variables of highest

gender similarity at the age of 2 (biacromial and biilioc-
ristal diameter; male – female difference < 1 mm)
became in the adult age (18 years) variables of the most
important gender feature (Figure 3A). The largest gen-
der difference was observed in biacromial diameter (44.2
mm) and the greatest similarity in biiliocristal diameter
(7.4 mm).

The differences expressed in percentages relative to
the mail sex enable a comparison of growth dynamic ac-
ross the diameters (Figure 3B). Bicondylar humerus and
femur show similar dynamics of growth as do the diame-
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TABLE 3
ANTERO-POSTERIOR CHEST DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years)

N X SD SE
95% CI

Min Max CV
L Bound U Bound

Females 2,648

2 37 116.3*** 5.3 0.9 115 118 106 128 4.6

3 54 119.4* 6.7 0.9 118 121 100 137 5.6

4 62 122.5** 7.4 0.9 121 124 106 142 6.1

5 99 127.2** 8.4 0.8 125 129 106 153 6.6

6 115 130.8* 9.5 0.9 129 133 111 170 7.3

7 177 134.8*** 10.6 0.8 133 136 113 164 7.9

8 143 136.7* 10.4 0.9 135 138 110 163 7.6

9 179 141.4*** 12.7 1.0 140 143 110 178 9.0

10 161 146.7 14.8 1.2 144 149 115 212 10.1

11 208 153.8 15.2 1.1 152 156 123 204 9.9

12 181 157.7** 15.6 1.2 155 160 121 223 9.9

13 189 163.1* 14.8 1.1 161 165 129 198 9.0

14 209 166.6*** 13.2 0.9 165 168 134 208 7.9

15 259 169.8*** 13.7 0.9 168 171 132 234 8.1

16 227 171.0*** 14.0 0.9 169 173 133 222 8.2

17 183 171.8*** 12.0 0.9 170 174 137 201 7.0

18 165 172.1*** 13.2 1.0 170 174 134 212 7.7

Males 2,612

2 33 122.6 5.9 1.0 121 125 113 133 4.8

3 61 123.0 8.3 1.1 121 125 106 147 6.8

4 91 126.6 7.9 0.8 125 128 111 146 6.2

5 119 130.7 9.4 0.9 129 132 108 153 7.2

6 112 133.6 9.2 0.9 132 135 110 159 6.9

7 191 138.8 10.1 0.7 137 140 110 180 7.3

8 152 139.9 10.5 0.9 138 142 116 176 7.5

9 179 147.0 12.8 1.0 145 149 117 192 8.7

10 182 147.9 13.5 1.0 146 150 117 204 9.1

11 225 155.7 15.1 1.0 154 158 128 212 9.7

12 213 162.7 17.9 1.2 160 165 130 222 11.0

13 217 166.6 15.9 1.1 164 169 132 214 9.6

14 225 177.5 17.3 1.2 175 180 141 241 9.8

15 198 186.4 16.8 1.2 184 189 143 251 9.0

16 145 195.7 19.2 1.6 193 199 145 243 9.8

17 155 194.2 15.3 1.2 192 197 156 232 7.9

18 114 196.9 16.7 1.6 194 200 157 248 8.5

Significant difference between males and females obtained using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



ters of the trunk and represent the most important facto-
rs of divergence between the genders. In contrast, the
biiliocristal diameter exhibits a unique growth dynamics
and shows the biggest similarity in adulthood, although
it was the parameter of the largest difference in puberty.

Different rates of growth in transversal body seg-
ments caused gender differences in size and maturation
of the body. Figure 4 illustrates the percentages of final
size that were achieved by each diameter during growth.
The percentage equaled 100% at the age of 18 years. At

the age of 2, girls attained a higher proportion of adult si-
ze than boys in all studied diameters. The difference was
the greatest in extremities: bicondylar humerus and fe-
mur diameters were 71% and 72% of final size in girls vs.
63% and 66% in boys. The smallest difference was noti-
ced in biiliocristal diameter: 56% in girls vs. 57% in boys.
Girls reached the final size in all diameters 1 to 2 years
earlier than boys. In both genders the adult size is achie-
ved earlier in widths of the extremities than those of the
trunk. The most pronounced example was the finding in
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TABLE 4
BIILIOCRISTAL DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years) N X SD SE

95% CI
Min Max CV

L Bound U Bound

Females 2,648

2 37 154.8 8.8 1.4 152 158 138 174 5.7

3 54 167.7 10.1 1.4 165 170 145 193 6.0

4 62 174.3 8.7 1.1 172 176 158 202 5.0

5 99 182.0 11.6 1.2 180 184 158 228 6.4

6 115 189.7 11.6 1.1 188 192 160 227 6.1

7 177 198.8* 13.8 1.0 197 201 169 250 6.9

8 143 201.7* 14.4 1.2 199 204 163 232 7.2

9 179 210.4 16.8 1.3 208 213 165 271 8.0

10 161 221.9* 17.9 1.4 219 225 176 287 8.1

11 208 233.6*** 17.7 1.2 231 236 186 284 7.6

12 181 242.1** 21.9 1.6 239 245 182 309 9.0

13 189 252.3*** 18.5 1.3 250 255 201 305 7.3

14 209 264.0*** 17.9 1.2 262 266 199 323 6.8

15 259 272.2* 16.2 1.0 270 274 226 326 5.9

16 227 273.0*** 15.3 1.0 271 275 213 325 5.6

17 183 274.6*** 15.0 1.1 272 277 225 318 5.5

18 165 276.4*** 16.8 1.3 274 279 220 329 6.1

Males 2,612

2 33 155.2 8.2 1.4 152 158 135 170 5.3

3 61 168.6 9.0 1.2 166 171 153 201 5.4

4 91 176.4 10.3 1.1 174 179 153 198 5.8

5 119 185.1 11.7 1.1 183 187 162 218 6.3

6 112 190.7 11.6 1.1 189 193 164 217 6.1

7 191 <201.6 11.7 0.8 200 203 172 231 5.8

8 152 205.0 14.3 1.2 203 207 170 239 7.0

9 179 213.2 17.6 1.3 211 216 169 275 8.2

10 182 217.7 15.8 1.2 215 220 174 267 7.3

11 225 225.5 19.8 1.3 223 228 180 288 8.8

12 213 235.4 22.1 1.5 232 238 181 294 9.4

13 217 244.7 21.6 1.5 242 248 186 302 8.8

14 225 255.7 23.6 1.6 253 259 191 314 9.2

15 198 276.2 17.7 1.3 274 279 216 316 6.4

16 145 282.6 14.8 1.2 280 285 245 321 5.2

17 155 282.8 16.7 1.3 280 285 243 334 5.9

18 114 283.8 17.0 1.6 281 287 239 318 6.0

Significant difference between males and females obta<ined using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



girls who attained 95% of adult size in bicondylar femur
and humerus already at the ages of 10 and 11 years res-
pectively.

The gender differences found for six transversal body
dimensions can be summarized as follows:

• In all ages, males had a significantly larger bicondylar
humerus and femur diameters than females (from 2 to
18 years);

• In pubertal age, boys were significantly overtaken by gir-
ls only in the biiliocristal diameter (from 10 to 14 years);

• The gender difference in final size was largest in biac-
romial diameter and smallest in biiliocristal diameter;

• Growth had a longer duration in males than in fema-
les, in males generally until 15 to 16, and in females
until 14 to 15 years of age.
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TABLE 5
BICONDYLAR HUMERUS DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years) N X SD SE

95% CI
Min Max CV

L Bound U Bound

Females 2,648

2 37 43.1* 2.2 0.4 42 44 37 47 5.1

3 54 45.3* 2.5 0.3 45 46 40 52 5.5

4 62 46.0*** 2.6 0.3 45 47 39 51 5.6

5 99 47.5*** 3.2 0.3 47 48 41 56 6.8

6 115 49.2*** 3.2 0.3 49 50 43 59 6.5

7 177 50.5*** 3.2 0.2 50 51 44 60 6.4

8 143 51.9*** 2.8 0.2 51 52 46 60 5.5

9 179 53.9*** 3.4 0.3 53 54 47 64 6.3

10 161 55.9*** 3.5 0.3 55 56 48 68 6.2

11 208 57.8*** 3.7 0.3 57 58 48 69 6.5

12 181 59.4*** 3.4 0.3 59 60 52 69 5.8

13 189 59.6*** 3.2 0.2 59 60 52 69 5.3

14 209 60.8*** 3.0 0.2 60 61 53 71 5.0

15 259 60.8*** 3.0 0.2 60 61 53 69 5.0

16 227 60.3*** 3.0 0.2 60 61 52 70 4.9

17 183 60.5*** 2.8 0.2 60 61 53 69 4.7

18 165 60.6*** 2.7 0.2 60 61 53 70 4.5

Males 2,612

2 33 44.5 2.4 0.4 44 45 40 49 5.4

3 61 46.5 2.5 0.3 46 47 42 52 5.3

4 91 47.9 2.6 0.3 47 48 42 54 5.4

5 119 49.6 3.0 0.3 49 50 42 57 6.0

6 112 50.6 3.4 0.3 50 51 44 60 6.8

7 191 52.6 3.2 0.2 52 53 45 62 6.2

8 152 53.7 3.3 0.3 53 54 46 64 6.1

9 179 56.1 3.5 0.3 56 57 46 69 6.3

10 182 57.6 3.7 0.3 57 58 50 70 6.4

11 225 60.0 4.0 0.3 59 61 50 72 6.6

12 213 63.1 4.5 0.3 62 64 53 76 7.2

13 217 64.8 4.0 0.3 64 65 53 75 6.1

14 225 67.8 4.1 0.3 67 68 59 79 6.0

15 198 69.2 3.5 0.2 69 70 61 78 5.1

16 145 70.7 3.6 0.3 70 71 62 83 5.1

17 155 70.1 3.6 0.3 70 71 59 79 5.2

18 114 70.7 3.6 0.3 70 71 62 79 5.1

Significant difference between males and females obtained using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



Discussion

The objective of this study was to examine the gender-
-specific growth patterns of transversal truncal and ex-
tremities’ dimensions from early childhood to adulthood.
Contrary to the longitudinal dimensions of the body in
which only slight gender differences have been observed
in pre-pubertal age1,14–17, the current results document a
pronounced sexual dimorphism in transversal dimen-
sions from early childhood on. With the exception of biac-
romial and biiliocristal diameters, this trend is noticeab-

le in all remaining measured widths: antero-posterior
and transversal chest diameters, and bicondylar hume-
rus and femur diameters. All were significantly larger in
boys. The results correspond to those obtained by Hum-
phrey18 who emphasized that gender differences occur in
many parts of the skeleton prior to adolescence. The
finding was confirmed by many other authors19–21. Negli-
gible gender differences in biacromial and biiliocristal di-
ameters observed in this study are in agreement with the
findings from the Zürich longitudinal study22 and the
Hungarian National Study15.
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TABLE 6
BICONDYLAR FEMUR DIAMETER (IN MM) BY SEX AND AGE

Age cohort
(years) N X SD SE

95% CI
Min Max CV

L Bound U Bound

Females 2,648

2 37 61.5* 3.0 0.5 60 62 54 68 4.9

3 54 64.8*** 3.3 0.5 64 66 58 72 5.1

4 62 66.4*** 3.2 0.4 66 67 60 75 4.8

5 99 68.7*** 4.1 0.4 68 70 56 82 6.0

6 115 71.3*** 4.2 0.4 70 72 61 81 5.9

7 177 74.4*** 4.3 0.3 74 75 64 87 5.8

8 143 75.4*** 4.0 0.3 75 76 66 88 5.4

9 179 78.4*** 4.3 0.3 78 79 70 90 5.5

10 161 80.8*** 4.4 0.3 80 82 67 93 5.5

11 208 83.4*** 4.3 0.3 83 84 71 95 5.2

12 181 83.9*** 4.7 0.3 83 85 71 96 5.6

13 189 84.4*** 4.5 0.3 84 85 73 96 5.3

14 209 85.5*** 4.0 0.3 85 86 76 95 4.6

15 259 85.8*** 4.0 0.3 85 86 77 97 4.7

16 227 85.5*** 3.9 0.3 85 86 75 97 4.5

17 183 84.9*** 3.6 0.3 84 85 74 95 4.3

18 165 85.4*** 4.0 0.3 85 86 75 96 4.7

Males 2,612

2 33 63.6 3.7 0.6 62 65 56 72 5.8

3 61 67.0 3.7 0.5 66 68 59 81 5.4

4 91 69.6 3.1 0.3 69 70 63 78 4.4

5 119 72.9 3.7 0.3 72 74 65 84 5.1

6 112 74.5 4.1 0.4 74 75 65 88 5.5

7 191 77.5 4.4 0.3 77 78 65 91 5.7

8 152 79.2 4.1 0.3 79 80 71 93 5.2

9 179 82.2 4.5 0.3 82 83 70 95 5.4

10 182 83.8 4.4 0.3 83 84 73 98 5.3

11 225 87.3 4.9 0.3 87 88 75 103 5.6

12 213 90.2 5.3 0.4 89 91 78 106 5.9

13 217 92.1 4.7 0.3 91 93 81 106 5.1

14 225 93.8 4.6 0.3 93 94 82 105 5.0

15 198 95.1 4.4 0.3 94 96 86 107 4.7

16 145 96.3 4.3 0.4 96 97 85 108 4.5

17 155 95.3 4.7 0.4 95 96 87 108 4.9

18 114 96.1 4.9 0.5 95 97 84 108 5.1

Significant difference between males and females obtained using ANOVA: * p<0.05; ** p<0.005; *** p<0.001



Increasingly wider elbows and knees in boys from
early childhood to adulthood were previously documen-
ted by Prader et al.14 in Swiss samples. Gasser et al.19 ex-
tended these findings with the observation that growth
velocity in both humerus and femur widths was slightly
higher for boys from early infancy till pubertal spurt.
Furthermore, Gasser et al.19,23 stressed that legs show,
independently of sex, a large prepubertal velocity and
poor pubertal spurt, while biacromial width shows a sig-
nificant gain during pubertal spurt. In line with this fin-
ding, Bass et al.24 documented a more rapid growth in the
legs than in the spine during pre-puberty, in contrast to
the pubertal period when growth of legs slowed down
while spine growth accelerated. Our results also indica-
ted that pubertal spurt peaks appeared earlier in the ex-
tremities’ diameters (knee particularly) than in the trun-
cal diameters (biiliocristal particularly). Prader et al.14

reported similar findings and considered them logical
»since these joints have to provide strength for the mas-
sive gain in weight during the pubertal spurt and for the
increase in muscle power«. Moreover, the growth pat-
terns in our study were characterized by earlier pubertal
spurt and peak velocity for femur than for humerus dia-
meter in both genders. Smith and Buschang25 obtained

similar findings of longitudinal bone growth that indica-
ted earlier ages at peak velocities for leg than for arm
bones in both sexes. This seems logical from the point of
view of the mechanostat theory which postulated that
»...developmental changes in bone strength are second-
ary to the increasing loads imposed by larger muscle
force«26. Evidence from the current study that point to
larger extremities’ diameters in males throughout the
growth period, also agrees with this theory. It was shown
elsewhere that the boys had a continuously larger muscle
mass and bone mineral content of the extremities than
the girls27–29.

Throughout the growth period, different transversal
dimensions of the body showed characteristic patterns of
sexual dimorphism in the studied Croatian population.
In Figure 5, the patterns for shoulder, pelvis, elbow and
knee widths have been compared to those reported for
Swiss14, Hungarian30 and Dutch31 populations. Although
the presented curves are based on the data that were col-
lected over a large time span, the gender differences are
very similar in those four populations. Interestingly
enough, similar patterns of gender differences were
found in some other older studies, e.g. The Old Harvard
Growth Study undertaken from 1923 to 1935.
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Fig. 5. Gender differences (X male – X female ) in biacromial, biiliocristal, bicondylar humerus and femur diameters for Croatian children
compared with Swiss14, Hungarian30 and Dutch31 children.



As it was previously reported for longitudinal dimen-
sions of the Croatian children1, the current findings of
their transversal body dimensions show that the girls at-
tain larger amounts of their final, adult size earlier than
the boys. This indicates their earlier bone maturation
and agrees with the studies in other populations 19,33.
Thus, the present findings document different growth
dynamics in transversal body segments during childhood
and adolescence, which is gender-specific. While sexual
dimorphism in shoulder and pelvis diameters emerge
with pubertal spurt, gender differences in chest and ex-
tremities’ diameters start early in life. Different timing
and intensity of change in transversal body dimensions
reflect differential functional requirements for skeletal
stability and muscular strength between the sexes. This
kind of data has recently gained increased attention due
to its wide spectrum of possible applications in the clini-
cal domain. The present study is a contribution in this di-
rection.

Acknowledgement

This study would not have been possible without the
generous help of the participating schools and kindergar-
tens. The authors are indebted to all children and
youths, their teachers, pedagogues, psychologists and the
directors of the institutions. We are especially grateful to
Milena Haller and Branka Zeljkovi}-Smrzli} who helped
us organize the measurements in the kindergartens. The
research was supported by grants from the Ministry of
Science, Education and Sports of the Republic of Croatia
»Complex traits variation and health in children, adults
and centenarians« (no. 196-1962766-2747) to N.S.N., and
»Stochastic and kybernetic models in anthropology« (no.
196-1962766-2736) to L.S.

R E F E R E N C E S

1. @IVI^NJAK M, SMOLEJ NARAN^I] N, SZIROVICZA L, FRAN-
KE D, HRENOVI] J, BI[OF V, Coll Antropol, 27 (2003) 321. — 2. PRE-
BEG @, JURE[A V, KUJUND@I] M, Ann Hum Biology, 22 (1995) 99. — 3.
SMOLEJ NARAN^I] N, @IVI^NJAK M, [KARI]-JURI] T, BI[OF V,
BARBALI] M, RUDAN P, Overweight and obesity among children and
adolescents in Zagreb, Croatia. In: TOTH GA (Ed) Auxology. (Savaria
University Press, Szombathely, 2005). — 4. MILI^EVI] G, @IVI^NJAK
M, ^OROVI] N, FABE^I]-SABADI V, KOKO[ @, LUKANOVI] T, MAR-
KI]EVI] K, SMOLEJ NARAN^I] N, [KARI] T, VERONA E, Coll An-
tropol, 17 (1993) 67. — 5. @IVI^NJAK M, MILI^EVI] G, ^OROVI] N,
FABE^I]-SABADI V, KOKO[ @, LUKANOVI] T, MARKI]EVI] K,
SMOLEJ-NARAN^I] N, [KARI] T, VERONA E, Coll. Antropol, 17
(1993) 79. — 6. RAUCH F, J. Musculoskelet. Neuronal. Interact, 5 (2005)
194. — 7. LUCKE T, FRANKE D, CLEWING JM, BOERKOEL CF, EH-
RICH JH, DAS AM, @IVI^NJAK M, Pediatrics, 118 (2006) 400. — 8.
RAGGI P, CALLISTER TQ, LIPPOLIS NJ, RUSSO DJ, Chest, 117 (2000)
636. — 9. @IVI^NJAK M, FRANKE D, EHRICH JH, FILLER G, Pediatr
Nephrol, 15 (2000) 229. — 10. @IVI^NJAK M, FRANKE D, FILLER G,
HAFFNER D, FROEDE K, NISSEL R, HAASE S, OFFNER G, EHRICH
JH, QUERFELD U, Pediatr Nephrol, 22 (2007) 420. — 11. MALL G,
GRAW M, GEHRING K, HUBIG M, Forensic Sci Int, 113 (2000) 315. —
12. MALL G, HUBIG M, BUTTNER A, KUZNIK J, PENNING R, GRAW
M, Forensic Sci Int, 117 (2001) 23. — 13. WEINER JS, LOURIE AJ, Prac-
tical human biology (Academic Press, New York, 1981). — 14. PRADER
A, LARGO RH, MOLINARI L, ISSLER C, Helv Paediatr Acta, Suppl 52
(1989) 1. — 15. EIBEN OG. BARABAS A, PANTO E: The Hungarian Na-
tional Growth Study I; Reference data on biological developmental status
and physical fitness of 3–18 year-old Hungarian youth in the 1980s. (Hu-
manbiologia Budapestiensis, Budapest, 1991). — 16. LHOTSKA L,

BLAHA P, VIGNEROVA J, ROTHA Z, PROKOPEC M: 5th Nation-wide
Anthropological Survey of Children and Adolescents 1991 (Czech Repub-
lic); Anthropometric characteristics. (National Institute of Public Health,
Prague, 1993) — 17. DE LA PUENTE ML, CANELA J, ALVAREZ J,
SALLERAS L, VICENS-CALVET E, Ann Hum Biol, 24 (1997) 435. — 18.
HUMPHREY LT, Am J Phys Anthropol, 105 (1998) 57. — 19. GASSER T,
KNEIP ZIEGLER P, LARGO R, MOLINARI L, PRADER A, Ann Hum
Biol, 18 (1991) 449. — 20. BULYGINA E, MITTEROECKER P, AIELLO
L, Am J Phys Anthropol, 131 (2006) 432. — 21. CLARK EM, NESS AR,
TOBIAS JH, Osteoporos Int, 18 (2007) 463. — 22. GASSER T, SHEEHY
A, MOLINARI L, LARGO RH, Ann Hum Biol, 27 (2000) 187. — 23. GAS-
SER T, KNEIP A, BINDING A, PRADER A, MOLINARI L, Ann Hum
Biol, 18 (1991) 187. — 24. BASS S, DELMAS PD, GPEARCE G, HEND-
RICH E, TABENSKY A, SEEMAN E, J Clin Invest, 104 (1999) 795. — 25.
SMITH S, BUSCHANG PH, Am J Hum Biol, 17 (2005) 731. — 26.
RAUCH F, BAILEY DA, BAXTER-JONES A, MIRWALD R, FAULKNER
R, Bone, 34 (2004) 771. — 27. MALINA RM, BOUCHARD C: Growth, Mat-
uration and Physical Activity (Human Kinetics Books, Champaign, Illi-
nois, 1991). — 28. NEU CM, RAUCH F, RITTWEGER J, MANZ F,
SCHOENAU E, Am J Physiol Endocrinol Metab, 283 (2002) 103. — 29.
ZANCHETTA JR, PLOTKIN H, ALVAREZ FILGUEIRA ML, Bone, 16 (4
Suppl) (1995) 393S. — 30. EIBEN OG, Biological Developmental Status
of the Körmend Youth in the Seconf Half of 20th Century (in Hungarian).
(Csaba J. Honismereti Egyesület, Körmend, 2003). — 31. GERVER WJM,
DE BRUIN R, Paediatric Morphometrics – A Reference Manual (2nd ex-
tended edition). (Universitaire Pers Maastricht, Maastricht, 2001). — 32.
GOLDSTEIN MS, KOBYLANSKY E, Coll Antropol, 8 (1984) 213. — 33.
MAGAREY AM, BOULTON TJ, CHATTERTON BE, SCHULTZ C,
NORDIN BE, COCKINGTON RA, Acta Paediatr, 88 (1999) 139.

M. @ivi~njak

Children’s Hospital, The Medical School of Hannover, Carl-Neuberg-Str. 1, 30625 Hannover, Germany
e-mail: Zivicnjak.Miroslav@mh-hannover.de

M. @ivi~njak et al.: Gender-Specific Growth Patterns, Coll. Antropol. 32 (2008) 2: 419–431

430



SPOLNO-SPECIFI^NI OBRASCI RASTA TRANSVERZALNIH DIMENZIJA TIJELA DJECE I
MLADE@I U HRVATSKOJ (2–18 GODINA STAROSTI)

S A @ E T A K

U sklopu transverzalnog istra`ivanja rasta i razvoja djece i mlade`i ispitano je 5260 pred{kolske i {kolske djece i
mlade`i grada Zagreba u dobi od 2 do 18 godina. Analizirano je {est transverzalnih dimenzija tijela i to: {irina i dubina
prsnog ko{a, {irina ramena i zdjelice te {irina lakta i koljena. Studija je pokazala da se sve transverzalne dimenzije tijela
pove}avaju do 14. i 15. godine kod djevoj~ica te do 16. godine kod dje~aka {to potvr|uje da djevoj~ice godinu do dvije ra-
nije zavr{avaju s rastom u {irinu. U usporedbi s dje~acima iste dobi, djevoj~ice tijekom cijelog razdoblja rasta dosi`u vi{i
postotak zavr{ne veli~ine prou~avanih transverzalnih dimenzija tijela. Tako na primjer {irina koljena kod djevoj~ica do-
si`e 95% zavr{ne veli~ine ve} u dobi od 10 godina. [irine pojedinih dijelova tijela pokazuju razli~ite obrasce rasta koji se
razlikuju me|u spolovima. Dok se spolni dimorfizam u {irini zdjelice i ramena pojavljuje u vrijeme puberteta, razlike u
{irinama prsnog ko{a, lakta i koljena postoje ve} u ranoj dobi. Dje~aci u cijelom razdoblju od 2. do 18. godine imaju {iri
prsni ko{, lakat i koljeno. U pubertetskom razdoblju, zna~ajno im se vi{e pove}ava {irina ramena (od 13. godine) dok se
djevoj~icama br`e pove}ava {irina zdjelice pa u toj dimenziji zadr`avaju prednost pred dje~acima od 10. do 14. godine.
Spolni dimorfizam u transverzalnim dimenzijama tijela djece i mlade`i u Hrvatskoj uspore|en je s obrascima rasta i
razvoja u drugim europskim populacijama.
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