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The sexual dimorphism in second metacarpal bone growth was

investigated in 710 malnourished Guatermalan children one to seven years old
to determine if the sex ditferences seen are only the result of differences in stature
and weight. The study sampie was mixed-longitudinal and consisted of 1.586
annual examinations. Boys have greater mean stature, weight, periosteal diam-
eter, medullary diameter and cortical area than giris the same age. while girls
have greater age specific mean cortical thickness and percent cortical area than
bovs. When the effects of stature. weight and age are removed boys still have
significantly larger periosteal and medullary diameters and less ‘cortical thick-
ness and percent cortical area than girls. These differences between hoys end
girls therefore cannot be explained by sex differences in body size. However. ho
sex differences in cortical area remain after accounting for differences in starute.

weight and age.

Sexual dimorphism in bone dimensions
kas heen well documented (Garn, '70).
Males usually have greater periosteal di-
ameters. medullarv diameters and more
cortex than females at every age. As males
generally exceed females in height and
weight. it has been suggested that these
sex differences in the bone dimensions are
primarily the result of larger body size
(Owen et al.. '66:. Wolanski, '67). In this
report we test this hypothesis in moderately
malnourished preschool age children.

We have shown elsewhere that in mal.
naurished preschool age children taller
and heavier children have greater second
metacarpal corticai dimensions than small-
er children their age and sex (Himes, "73).
Further. children who were growing faster
in stature and weight were also growing
faster in cortical bone.

The purpose of the present paper is to
determine if the sexual dimorphism seen
in measures of second metacarpal bone
growth in malnounshed preschoo! age chil-
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dren is only a reflection of sex differeiices
in body size. or if there is a significant fac-
tor in the growth of cortical bone due ¢
sex per se, independent of body siz

MATERIALS AND METHODS

The present investigation forms part of
a longitudinal study of the effects of mild
to moderate protein-calorie malnutrition on
physical growth and mental development
carried out by the Division of Human De-
velopment at the Institute of Nurtrition of
Central America and Panama (INCAP)
{Kleinz et al., '73). The study is being con-
ducied in four rural Ladino villages in Gua-
temala where mild to moderate protein-
czlorie malnutrition is endemic {Habicht
et al., '73).

! Present address: Department of Anthropoiogy, Uni-
versttv of South Carolina. Columbia, Sourth <irolina
29208,

2 Present arldaress: Division of Health Examination
Surves. Narwona! Center for Heaith Statistics. Washine-
ton. D. C.

S Present address: Department of Anthropeiogv, Uni-
versity of Texas ar Austin. Austin, Texas 78712
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TABLE 1
Number of annual examinations

Boys Girls

Age (n =372 (n = 33§
1 168 161
2 1G5 135
3 156 139
3 133 116
s 117 Q43
6 72 33
7 42 35
Total 733

853

The study sample is mixed-longitudinal
in nature and consists of 1,586 annual ex-
aminations of 710 Ladino children one to
seven vears of age (table 1). The present
analyses treat the data cross-sectionally so
that a single child may be represented more
than once in the wotal sample.

All examinations were made within seven
days of the child's birthday. At each ex-
amination standardized x-ravs of the let:
hand and wrist were taken at a fixed tube
distance of 76 cm. Stature was measured
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as recumbent length to the nearest milli-
meter throughout the age range. Weight
was measured nude to the nearasst 10 grams.

The periosteal (P®) and medullary (MD)
diameters of the second metacarpal were
measured at the midshaft point (excluding
the epiphysis) by a single observer (JHH).
Metacarpal diarneters were measured with
a graduated loupe tc the nearest 0.1 mm.
Cortical thickness (CT) was obtained by
subtraction of the medullary diamerer from
the periosteal diameter. An estirnate ot the
cross-sectional cortical area (CA) was cal-
culated assuming a cylindrical model: CA
= 0.785 (PD? — MD*) (Garn. '70). The rel-
ative amount of the periosteal area occu-
pied by cortex (percent cortical area) was
estimated: PCA = [(PD* — MD?y/PD*!

100 (Garn, '70). The variability due to
measurement of bone and body size varia-
bles was well within other published values
and is given elsewhere (Himes et al., '73).

RESULTS

Figure 1 presents the absolute difter-
ences between bovs and girls age specific

TABLE 2

Sex effects in multipie regression after removinag effects of
statury. wewghe and age (n = 1586) !

Difference
Pariai betwecn sexes
r (b=~ SEb: t
Periostezal diameter 0.32 0.238 +0.018 mm 13,442
Medullary diamerter Q33 0.332 =0.024 mm 13.74 12
Cortical thickness ~0.15 ~0.093 =0.016 mm ~5983¢:
Cortical areu 0.02 0.076 = 0.085 mm* 0.89
Percent cortical area ~G.23 -~ 4,735 = 0.308 -~9.41:
! For the regressions sex was coded: 1 = havs. 2 = girls. -
ip < 0.001
TABLE 3
Comparnison beticeet me :qs of bous and girls 90 cm tall
Bavs Girls
nw 31 in = 40
Mean S. D. Mezan S. D. t
Age (months: 44.19 8.24 4720 9.38 - 1,63
Stature fcm: 89 98 0.69 90.00 0.64 ~0.10
Weighr (kg 13.14 0.94 12.62 0.88 1.10
Peniosteal diameter (mm? <73 033 4.41 0.34 45312
Medullary diameter (mm? 3.35 0.43 2.91 0.38 3.83 1
Coctiz:al thickness (mm! 14l 0.2G6 1.50 0.36 -137
Cortical area (mm?) 8§ g0 1.49 847 1.51 1.29
Percent cortical area () 50.37 8.49 56.28 12.34 -~2.50!

tp < 0,03,
*py < 0.001
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Fig. 1
the bodv size and metacarpal variables. =
(p < 0.05.

means for the measures of second meta-
carpal cortical growth and stature and
weight. We have reported the age-sex spe-
cific mean values elsewhere (Himes et ai.,
'75). The boys arc systematically taller and
heavier than the girls and have greater
mean periosteal and medullary diameters
and cortical area. Girls have sxgmﬁcamly
greater mean percent cortical area and
generally greater cortical thickness than
boys the same age. The difference in cor-
tical thickness increases with age to attain
significance at six and seven years.

Some of these sex differences in bone
might be explained by the greater stature
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Absclute ditferences between uge specific means of boys and girls (boys — girls inr
Bovs and zirls means are significantly ditferent

and weight of boys than girls of the same
age. We have shown elesewhere that be-
sides stature and weight, age is also related
to the metacarpal cortical bone variables
(Yarbrough ct al., '76). Therefcre, we have
taken stature, weight and age inte account
in examining the sex differences in the
cortical bone variables by multiple regres-
sion analysis.

Table 2 presents the partial cerrelations
and regression coefficients of the cortical
bone wvariables with sex, after stature.
weight ¢ad ~ge have been parualled out.
There is no significant effect on corrical
area of @2x independent of stature weight
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and age, while periosteal and medullary
Jiameters still remain greater in boys than
girls of same stature, weight and age. The
differences of girls a5 contrasted with boys
uf a same age of cortical thickness and
rercent cortical area (fig. 1) become even
more marked when stature, weight and age
-3re the same in both sexes.

Similar results are obtained from discrete
snialyses pursuing the same question. Chil-
dren were grouped according to stature
regardless of age, weight or sex. Although
the results are similar for any stature, we
rresent as an example 80 cm, a stature
:'1at corresponds approximately to the mid-
voint ¢f the age range, three and one-half
vears.

For children in the sarapie whu were 9G
em tall (89.0-91.0 cm). table 3 presents
the means for body size and bone growth
of boys and girls compared by-t-tesi. When
matched for stature, boys hayve significant-
lv larger periosteal and rnedullary diamezers
vhian girls, while the sexes are not signifi-
cantly different in cortical thickness and
cortical area. Girls, on the other hand. have
significantly greater percent cortical area
than boys of the same stature,

DISCUSSICON

These Guatemaian children present the
same pattern of sexual dimorphism 1n sec-
rnd metacarpal cortical bone as has been
raported for similariy malnourished chil-
dren in Centrai America (Garn and Roh-
mann, 66. '67), and for well ncurished
children elsewhere (Garn, '70; Gryvte et al..
"71), with the single excepdon that the
Suatemalan girls generaily have a greater
mean cortical thickness than beoys of the
same age.

In the present paper we have shown by
regression analysis that if the girls were
the same stature, weight and age as the
poys they would still have smaller pericsteal
and medullary diameters than the boys.
This is an example, then, of sexual dimor-
phism beycnd that expected for body size
differences.

The medullary cavity of tubular bones
is occupied to a large extent by the red
oone raarrow which has as 2 primary func-
tion the production of red blood celis. The
erythropoetic mass is related to the oxygen
needs of the body which in tum are closely
associated with lean body mass (Viteri et
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al., '68). Therefcre, it has been suggested
that the greater medullary diameters seen
in males mayv be associated with an in-
creased need for red blood cells commen-
surate with a greater body mass (Smithgall
et al., '66). However, this does not seem to
be a likely explanation in the present pop-
uladcn as we have shown that after ac-
counting for sex differences in stature and
weight boys still have greater medullary
diameters tnan girls. Although it may be
argued that accounting for stature and
weight cannot be considered equivalent to
controliing for lean body mass, Flynn et al.
("70) found no sex differences in lean body
mass, as determined by YK, in Negro and
white children four to six vears of age of
similar stature and weight. In contrast, the
sex difference in cortical area is uniike
that cf periosteal and rnedullary diameters,
in that cortical area only refiecis greaier
stature and weight rather than differences
in sex per se.

It is generaily held that bocys and girls
respond differentially to disease and nutrn-
tional stress (Tanner. '62). If this were
true in this mildly to moderately mainour-
ished population, the greater medullary
diameters of the bovs might be explained
by increased endosteal resorption relative
to the girls in the face of nutritional stress,
rather than a difference associated with
genider 2lone. The reported relationshivp
may, in part, refiect ap interaction of sex
and nutritional state, although the data do
not allow inference as to the extent or sig-
nificance of such interactions. Unfertu-
nately, we are aware of no comparabie data
for well nourished children that could help
clarify this point. However, we know that
at least for stature and weight these boys
and girls are equaily retarded with respect
to age-sex specific standards (Yarbrough
et al., "75). Moreover, such an explanation
could not account for the greater periosteal
diameters of the boys when compared to
girlc of the same stature, weight and age.

CONCLUSIONS

In summary. there are three types of
sexual dimorphism in measures of second
rnetacaipal growth in Guaiemalan children
with respect tc body size. Sex differences
ir: cortical area arise from boys being larger
than giris. On the cther hand, sexual di-
morphism in cortical thickness and percent
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cortical area is unrelated to sex differences
in body size. Finally, periosteal and medul-
lary diameters are greater in boys than
girls. hence to an extent related to sex dif-
ferences in body size. But when the effects
of body size and age are remcved hoys still
have greater medullary and periosteal di-
ameters than girls.
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