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GREATER FEMALE COMMUNALITIES IN
PRENATAL HAND AND DENTAL DEVELOPMENT
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Summary—As shown in 15 male and 17 female developmentally-normal, 6-9 week
(15-47 mm crown-rump length) embryos, intercorrelations (communalities) involving both
mesial and distal deciduous teeth and proximal and distal segments of the developing hand
were systematically higher in female embryos than in male embryos, without exception, a
finding in surprising accordance with postnatal dimensional and temporal development of
the dentition and of the appendicular skeleton.

INTRODUCTION

In human postnatal development, developmental
communalities (as shown by correlations) are sys-
tematically higher for girls than they are for boys.
This is true for most linear dimensions, such as
tubular bone lengths, and for such discrete tem-
poral events such as the age at ossification of the
nuclei of the epiphyses and the round bones (Garn
and Rohmann, 1959, 1966). The tendency for
within-girl (intra-girl) correlations to exceed com-
parable intra-boy correlations holds also for the
permanent teeth, both for conventional mesio-
distal crown diameters (Garn et al., 1965b), and for
the calcification, root development and movement
of the permanent teeth (Garn, Lewis and
Kerewsky, 1965a; Garn, Rohmann and Silverman,
1967).

There is growing evidence, moreover, that the
principle of greater developmental communality for
girls compared with boys holds also for early pre-
natal dental development. This is true when com-
paring the embryological staging of isomeres and
opponents, and when comparing communalities ac-
ross the developing deciduous dentition (Garn,
Burdi and Nagy, 1971; Garn and Burdi, 1971). Even
when tooth stage is related to crown-rump length
(CRL), female embryos show uniformly higher cor-
relations than male embryos (Garn, Burdi and Mil-
ler, 1970).

In the present study, therefore, we have con-
cerned ourselves with comparative developmental
communalities of 15-47 mm human embryos (ap-
prox 6-9 week fertilization age) both within and be-
tween anatomical regions. Taking the developing
hand and the developing dentition together into
consideration, the question is whether—and to
what extent—female embryos still show greater de-
velopmental communality or uniformity. We have
explored this question within segments of the denti-
tion (both mesial and distal) and segments of the
hand (both proximal and distal) in carefully
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selected embryos of both sexes, all “normal” by
both gross appearances, histories and careful his-
tological examination.

MATERIALS AND METHODS

This study is based upon extensive microscopic
examination of stained histological sections of 32
embryos, (15 male and 17 female) in the 1547 mm
crown-rump length range. All were both grossly
and histologically normal, from normal (uterine)
implantations rather than ectopic (tubal and abdom-
inal) pregnancies, and excluded spontaneous abor-
tions.

Complete bilateral examination was made of the
developing dentition, and each of 20 deciduous
teeth was rated or ““staged’’ according to the follow-
ing expanded schedule, following that previously
described (Garn and Burdi, 1971, pp. 1410):

1. Dental lamina stage, primary epithelial bud.

2. Early bud stage, proliferation and further in-
growth.

. Late bud stage, lack of flat base.

. Early cap stage, (flat base).

. Intermediate cap stage, (enamel knot).

. Cap stage, (initial invagination).

Late cap stage, (secondary invagination).

Primal cap stage, (enamel niche).

. Bell stage (no enamel knot).
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For comparison, the hand region (both proximal
and distal) was similarly studied, bone by bone, fol-
lowing the work of Streeter (1949) in part, and de-
scribed by us in extenso, (see Garn, Burdi and
Babler, 1973 and Fig. 1 of this paper).

1. Mesenchymal bone anlage.

2. Chondroblast formation and appearance of
the cartilaginous model.

3. Chondrocyte differentiation and perichon-

" drium formation.
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4. Chondrocyte proliferation.

5. Maturation of cartilaginous model.

6. Chondrocyte hypertrophy.

7. Bone formation (bone collar or distal tufts).

Intra-regional developmental communalities
were analysed by comparing the summed stages for
the mesial teeth with those of the distal teeth, and
the proximal hand (comprising the distal
radius and ulna) with the distal hand (i.e. the
metacarpals and phalanges). Inter-regional com-
munalities were analysed by comparing mesial
and distal tooth development separately with
proximal and distal hand development.

In making the computations, only those embryos
with at least early tooth or hand development, and
incomplete in at least some hand or tooth aspects,
were employed.

FINDINGS

As shown in Table 1, developmental intercorrela-
tions were generally high in the 15-47 mm embryos
of both sexes. Overall, the 30 developmental inter-
correlations averaged 0-91, pooling all of the corre-
lationa] data. Within anatomical regions, correla-
tions were highest for the hand (0-98 for the proxi-
mal hand vs the distal hand), slightly lower for the
hand as compared with the deciduous dentition
(0-95), and lower still comparing the more mesial to
the more distal deciduous teeth (0-83).

Systematically, however, the 15 developmental
intercorrelations for 17 female embryos exceeded
the comparable developmental intercorrelations for
all 15 male embryos of comparable crown-rump
length. This was true within the hand (proximal vs
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distal hand), and within the deciduous dentition
(mesial teeth vs distal teeth), as well as between
anatomical regions (proximal hand vs mesial teeth,
proximal hand vs distal teeth, etc.) without a single
exception.

By the simple sign test, 15:0 as against the
chance or expected 7-5:7-5 distribution, the sys-
tematic sex difference in prenatal developmental
correlations was highly significant, x? (chi-squared)
values were in excess of 11-3 and as high as 15-0
using various corrections for continuity. Further-
more, the mean sex-specific values of r, calculated
from Z transforms of r also differed significantly,
when calculated as the difference between matched
pairs.

The conclusion is that in 15-47 mm embryos, cor-
responding to the 6-9 week conception ages, pre-
natal developmental correlations (r) involving the
hand and the deciduous teeth versus the hand are in
all cases higher for the female.

DISCUSSION

The results of this developmental investigation
come to us as a surprise. The 15-47 mm embryo is
still young, developmentally, and at the smaller
crown-rump lengths, tooth development and dif-
ferentiation of the hand components has scarcely
begun. Moreover, in the crown-rump range consid-
ered, and especially below 30 mm, the male tends to
be systematically advanced over the female. We
have shown this for palatal closure (Burdi and Sil-
vey, 1969a, 1969b), for the deciduous dentition
(Garn and Burdi, 1971) and, more recently, for the
developing hand (Garn et al., 1974). It would appear
therefore, that the higher developmental commun-

Table 1. Sex differences in prenatal development communalities*

Maxilla
Anterior Posterior
N r N r N

Anterior

Mandible Hand
Posterior Carpus Digits
r N r N r N r

Anterior

maxilla 1§ 072 15

Posterior

maxilla 17 090 15

Anterior

mandible 17 098 17 084

Posterior

mandible 17 0-88 17 099 17

Carpus

(hand) 17 098 17 0-83 17

Digits

(hand) 17 097 17 085 17
Females

Males
097 IS 070 15 094 15 091
0-81 15 094 15 070 15 0-81
15 0-80 15 091 15 090
0-83 1S 063 15 0-69
096 17 0-85 15 097
097 17 08 17 098

*Developmental intercorrelations for male embryos shown on the right side of
the diagonal, those for 15-47 mm female embryos on the left side of the

diagonal.
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ality shown for both postnatal dental and postnatal
skeletal development of the female has its origins
very early in embryonic development, and at a time
wheén the male rather than the female is advanced
for size.

One possible explanation for the higher postnatal
developmental communality of the female, includ-
ing higher age-to-age correlations for size and den-
tal development, may lie in the paired X chromo-
somes of the female karyotype. To the extent that
both size and developmental timing may be at least
partially determined by genes in the X chromosome,
this could give an informational advantage to the
XX, albeit with a possibly greater developmental
range, consistent with a “dosage effect” (cf. Garn,
Lewis and Kerewsky, 1965a). This chromosomal
.explanation is now further tenable for the hand and
the dentition, in the 15-47 mm crown-rump range,
notwithstanding consistent male advancement in
both hand and teeth.

A possible alternative explanation lies in the
natural preselection of the male and female em-
bryos studied, including the possibility that the
female embryos were more ‘“‘normal”, notwith-
standing very careful exclusion of gross and mic-
roscopic abnormalities (including neural tube de-
fects, and abnormalities of the hand area), and ab-
normalities of implantation (i.e. ectopic pregnan-
cies) as well. It is of some interest to observe, there-
fore, that even the latter, abnormal implantations
show much the same trends toward male advance-
ment for size (Garn, Burdi and Babler, 1974) but
even greater female developmental communality.

Whatever the explanation, and acknowledging
the possibility of sampling effects in the limited
sample of 15-47 mm embryos, the 6-9 week female
does appear to be developmentally more consistent
(a) in the dentition, (b) in the deciduous dentition as
compared with the hand and (c) within the hand. It
would appear, therefore, that use of the dentition as
an independent measure of developmental status in
the early embryonic period may be slightly more
appropriate for female embryos, but approximately
equal in utility as compared with the developing
hand skeleton.
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Résumé—Chez 15 embryons, de sexe masculin, et 17 embryons de sexe féminin, normalement
développés, de 6-9 semaines (longueur vertex-coccyx 15-47 mm), les intercorrélations compor-
tant les dents temporaires mésiales et distales et les segments proximaux et distaux de la main
en voie de développement sont systématiquement plus élevées chez les embryons de sexe féminin,
sans exception. Ce résultat est en accord avec le développement post-natal dimensionnel et tem-
porel de la dentition et du squelette des extrémités.
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Zusammenfassung—Wie an 15 médnnlichen und 17 weiblichen normalentwickelten. 6-9 Wochen
alten Embryos (15-47 mm Scheitel-Stei3-Lange) dargestellt wird, waren die Interkorrelationen
zwischen den mesialen und distalen Milchzihnen sowie den proximalen und distalen Segmenten
der sich entwickelnden Hand systematisch und ohne Ausnahme bei weiblichen Embryonen
groBer als bei ménnlichen ; dieser Befund stimmt in {iberraschender Weise mit der postnatalen
Lingen- und Zeitentwicklung der Dentition und des Extremititenskelettes liberein.
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PLATE 4 OVERLEAF
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PLATE 1

Fig. 1. Seven developmental stages of the skeletal components of the hand region as exemplified by
the third metacarpal throughout. (1) The mesenchymal anafage, the arrow pointing to condensation of
chondrogenic cells within the musculo-skeletal mesenchymal mass. (2) Chondroblast formation show-
ing differentiation of chondrogenic cells and (arrows) initial deposition of intercellular matrix. (3)
Chondrocyte differentiation and, as indicated by the arrows, formation of perichondrium. (4) Chondro-
cyte proliferation. better-defined perichondrium shown by arrow. (5) Chondral maturity with well-
delineated perichondrium (arrows) and predominance of mature chondrocytes. (6) Chondrocyte
hypertrophy in the central region, indicated by arrow. (7) Subperiosteal bone collar formation, indi-
cated by arrow. For the hand and for the teeth, developmental “scores” were obtained by summing
the stages attained by the individual components (see Garn, Burdi and Babler, 1974, Fig. 1).



tal development

=
£
2
a
=
Wy
2

Communalit




