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ABSTRACT Male advancement in the developing hand was evidenced by 
66 grossly and microscopically normal embryos in the 15-75 mm crown-rump 
range. Male advancement was particularly pronounced in the younger (1 5- 
30 mm) embryos, both in the proximal hand region including the round bones 
of the wrist and in the distal hand region, comprising the metacarpals and 
phalanges. Thirty-four additional embryos, abnormal in implantation or de- 
velopment or representing spontaneous abortion similarly evidenced male 
advancement in the early hand skeleton 

In most aspects of human development, 
from before birth through the end of ado- 
lescence, the female is advanced over the 
male, by from 4 to 20% and more. This is 
true for ossification, as measured by the 
radiographic appearance of the nuclei of 
the round bones and epiphyses (Garn et 
al., '67). This is true for epiphyseal union, 
as seen in the hand, foot, elbow, knee, 
shoulder and hip (Noback, '54; Garn et 
al., '61). This is also true for the calcifica- 
tion, movement and clinical eruption of 
the permanent teeth, to an extent exceed- 
ing differences attributable to race (Garn 
et al., '58; Garn et al., '65). Female ad- 
vancement in the development of the sec- 
ondary sexual characteristics and in the 
onset of gametogenesis are well known in 
human biology and accepted as fact in law. 

For the early prenatal period, however, 
during the first trimester of gestation, 
female advancement is not known as a 
fact, possibly because of the lack of com- 
parative sex-specific embryological data. 
Standard works are vague on this subject, 
from Arey's textbook to the more special- 
ized reports of Streeter ('49), Gray et al. 
('57), and Blechschmidt ('69). Indeed, in 
our previously-published studies on early 
prenatal development of the primary (de- 
ciduous) dentition, we have found male 
advancement rather than the female ad- 
vancement we had earlier anticipated, 
(Burdi et al., '70; Garn and Burdi, '71). 

We therefore raise the question as to 
whether the deciduous teeth are unique, 
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in suggesting male rather than female 
advancement in the 15-75 mm crown- 
rump range, or whether male advance- 
ment is a developmental characteristic of 
the entire first trimester. Accordingly, 
therefore, we have turned our attention 
to the developing hand, including both 
the wrist area and the metacarpals and 
phalanges, in a prenatal developmental 
investigation patterned after now-familiar 
postnatal developmental models (cf. Garn 
et al., '67). 

METHODS AND MATERIALS 

This comparative study of early prenatal 
hand development is based upon two series 
of human embryos, all in the 15-75 mm 
crown-rump length range and all clearly 
identifiable as to sex. 

The first series, upon which this paper 
primarily depends, comprises some 66 em- 
bryos, 40 of them male and 26 female, all 
of them from documented normal (uterine) 
implantations, and all apparently normal 
by both gross inspection and after exam- 
ination of the histological sections. The 
second series, carefully separated from the 
first, consisted of an additional group of 
34 embryos of similar crown-rump range 
and similarly identified as to sex, but ex- 
cluded from the normal group because of 
abnormalities of implantation (ectopic 
pregnancies), or because of spontaneous 
abortion, or because of neural arch de- 
fects. 

Sexing was accomplished by histological 
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examination o f  gonadal development, with 
particular emphasis on testicular tissue, 
folIowing the work of Gillman (’48) and 
previouslv discussed by  us (Eurdi and Sil- 
vey, ’69a,b). 

For each specimen, both normal and 
abnormal, the hand area was carefully 
studied on both the left and the right 
sides, and using the total set of histolog- 
ical sections. The degree of histological 
development of each of 32 bone areas was 
separately rated, for each hand, and in- 
cluding the distal aspects of the radius 
and ulna, as well as the styloid process of 
the ulna. 

For each bone area, the degree of‘ de- 
velopment was rated or “staged” using 
the following numerical staging schedule, 
also pictured in figure 1 for a representa- 
tive embryonic hand. 

1. Mesenchymal (bone) anlage, corn- 
parable to Streeter’s phase 1. 

2. Chondroblast formation and appear- 
ance of cartilaginous model. 

3. Chondrocyte differentiation and peri- 
chondrium formation (cf. Streeter’s phase 
2). 

4. Chondrocyte proliferation (cf. Street- 

5. Maturation of the cartilaginous model 

6. Chondrocyte hypertrophy (cf. Street- 

7. Bone collar formation (beginning of 

8. Vascular invasion of the bone collar. 
9. Endochondral bone growth. 
For the purposes of this study, individ- 

ual bone ratings were summed for the 
carpal or wrist area, for the metacarpal- 
phalangeal area, and totaled as follows: 

A. A total score (T) for all 64 bone areas 
in both hands; B. An average score ( 2  ) 
for the proximal hand or wrist area, in- 
volving 13 bony areas for each hand; i.e., 
N = 26; C. An average score (#) for the 
distal- hand or metacarpal-phalangeal 
area, or 19 tubular bones for each hand; 
i.e., N = 38. 

This system of embryonic hand apprais- 
al was designed to follow the postnatal 
developmental model, involving the tubu- 
lar bones of the hand proper, the round 
bones of the wrist area, and the distal 

er’s phase 3). 

(cf. Streeter’s phase 4). 

er’s phase 5). 

true bone). 

aspects of the bones of the forearm (Garn 
et al., ’67). The proximal hand (wrist 
area) and the distal hand (metacarpals 
and phalanges) were separated in certain 
of the analyses, because the prenatal de- 
velopment of the round bones of the wrist 
and the distal aspects of the radius and 
ulna stops at stage 5 (maturation of the 
cartilaginous model). 

For each embryo, then, developmental 
hand data consisted of the total score (T) 
for both hands, and the average score (I ) 
for the proximal and distal hand elements 
respectively. Dimensional information con- 
sisted of the crown-rump length (CRL). 
Since the raw data consisted of numerical 
scores, most parametric tests of signifi- 
cance were not appropriate, and emphasis 
was given to non-parametric “sign” tests. 
With the considerable range of crown- 
rump lengths involved, the technique of 
matched-pairs was deemed especially ap- 
plicable and was used in later aspects of 
the data analysis. 

N 

FINDINGS 

In the first step of comprehensive data 
analysis, the basic question of sex differ- 
ences in prenatal hand development was 
approached on a group basis, for the 40 
male and 26 female embryos deemed nor- 
mal by both gross and histological exam- 
ination, and excluding all abnormalities 
of implantation and spontaneous abortions. 
This was accomplished initially by a sim- 
ple sign test against the sex-specific trend 
lines relating hand scores to crown-rump 
length. It may be noted that 27 of the 40 
male embryos (67%) were advanced over 
size-comparable female embryos, while only 
9 of the 26 females (35 c/o ) were advanced 
over size-comparable males. Compared 
with each other, and with the chance 
(50 .SO) distribution, these sex differences 
were significant by the stochastic chi- 
squared test, with values of x’ as high as 
19.0. 

Quantification was then applied, sepa- 
rately for embryos in the 15-30 mm 
crown-rump range and for those in the 
larger (30-75 mm) crown-rump range. To 
do this both the total hand score (T), the 
sum of individual bone “stages,” and the 
average hand score (6 ) for the proximal 
and distal hand regions were expressed 
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Fig. 1 Photomicrograph of the right hand of a 42 mm CRL male embryo showing 4 of 
the 9 developmental stages described in the text. Indicated by arrows are: stage 4, chondro- 
cyte proliferation and still-incomplete perichondrial margin (as in the lunate and the styloid 
process of the ulna); stage 5, (cartilaginous maturation including well-formed perichondrium 
as in the remaining carpals and middles); stage 6 ,  chondrocyte hypertrophy (as in the light 
area on metacarpal 5) and stage 7, bone formation (as in the bone collar on the 2nd, 3rd, 
and 4th metacarpals and bone formation on the tufts of the distals). 

For the hand shown here the total score ( T ) ,  that is the sum of stages attained by individual 
skeletal elements is  174. In contrast, the average score (6) for the proximal hand (comprising 
the distal radius and ulna and carpals) is  4.7, and the average score for the distal hand 
(metacarpals and phalanges) is 6.0. Note that distal I is out of the plane of the section. 
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relative to crown-rump length, on an in- 
dividual basis. What was measured was 
embryonic development for the entire 
hand skeleton, and for the two hand re- 
gions, uniformly expressed per millimeter 
of crown-rump length. 

This analysis, then performed on a 
grouped basis, and using familiar t statis- 
tics, confirmed male advancement in the 
15-30 mm CRL range, as shown in table 
1 ,  and to a lesser extent in the 30-75 mm 
CRL. The early 15-30 mm sex differences 
in absolute and relative hand development 
were highly significant, as shown. The 
latter 30-75 mm sex differences were not 
statistically significant, though in the 
same direction (i.e., male advancement) 
as shown in the table. For all 66 embryos 
deemed normal by both gross and histo- 
logical examination, hand development 
per mm of CRL was considerably advanced 
in the males. However, the bulk of the 
male advancement was concentrated in 
the earlier 15-30 mm crown-rump range, 
where hand development was approxi- 
mately 50% greater per millimeter of 
crown-rump length. 

In the third stage of data analysis, male- 
female differences in early prenatal hand 
development were analyzed on an indi- 
vidual basis, using the matched-pair tech- 
nique to correct for differences in crown- 
rump length (CRL). To do this, male and 
female embryos were length-matched to 
within + 6  mm, and differences in total 
hand score (T) and the proximal and dis- 
tal average scores (ff) calculated and re- 
corded as in table 2 .  The question was the 
extent of sex difference in skeletal (hand) 

development remaining after close match- 
ing for crown-rump length. 

As shown in table 2 ,  the pairs were 
matched to an average length difference 
of zero, but despite the close match in 
length, the males were still systematically 
advanced in (a) total hand score, (b) aver- 
age score for the proximal hand area and 
(c) average hand score for the distal hand 
area. The sex differences in development 
remaining after length-matching were rea- 
sonably large, approximately 10% , the 
difference taking D as a percent of the 
mean total score or mean average score. 
The sex differences remaining after length- 
matching were all highly significant, by 
t test, using the standard error of the dif- 
ference between matched pairs. Moreover, 
the sex differences in hand development 
were nearly as large when the pairs of 
embryos were rematched to within + 4  
mm, as also shown in table 2 .  

In the last step of the data analysis, 
attention was directed to the 34 additional 
embryos deemed abnormal because they 
were spontaneously aborted, abnormally 
implanted or defective by gross or micro- 
scopic examination. These abnormal ern- 
bryos were divided into three groups de- 
spite the small samples that then ensued. 
Nevertheless, after division by sex and by 
group (spontaneously aborted, ectopic 
pregnancies and neural arch defects), 
male advancement was still evident. On 
the group basis, male embryos with defects 
of implantation or spontaneously aborted 
embryos showed systematically greater 
total hand scores and distal hand scores 
than length-matched female embryos of 
the same crown-rump length groupings. 

TABLE 1 

Compctrntive hand developmeizt of smaller ( 1  5-30 mm) a n d  
larger (31 -75 m m ) f i r s t  tr imester  fe tuses  

Crown-rump 
length (mm) 

Sex 

Hand stage per mm CRL 

Total Proximal Distal 
N hand I hand 2 hand 2 

~~ 

15-30 M 
15-30 F 

t 
31-75 M 
3 1-75 F 

t 

16 9.13 0.13 0.14 
14 6.37 0.09 0.09 

24 8.19 0.10 0.13 
12 7.59 0.09 0.13 

3.36 3 4.20 3.33 :I 

1.05 1.10 0 

1 Total hand score divided by crown-rump length. 
2 Average stage per skeletal unit divided by crown-rump length 
3 Significant at p = 0.05 or better. 
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TABLE 2 

no. Male Female D Male Female D Male 
- 

1 15 17 
2 17 18 
3 18 19 
4 21 20 
5 22 20 
6 22 20 
7 22 20 
8 23 21 
9 25 21 

10 26 26 
11 27 21 
12 28 24 
13 30 30 
14 30 30 
15 33 32 
16 36 36 
17 37 37 
18 37 37 
19 42 45 
20 47 47 
21 57 60 
22 60 66 
23 61 68 
24 64 69 
25 68 71 
26 75 71 

Mean difference :$ 

Mean difference 
(Matched as shown) 

(Matched to f 4 inm) 

- 2  
-1 
-1  

1 
2 
2 
2 
2 
4 
5 
6 
4 
0 
0 
1 
0 
0 
0 

- 3  
0 

-3  
- 6  
- 7  
- 5  
-3  

4 

0 

0 

~ 

62 
119 
167 
172 
176 
182 
186 
192 
235 
240 
245 
290 
345 
338 
342 
346 
360 
352 
388 
356 
380 
3 72 
396 
414 
396 
402 

59 
21 

107 
105 
107 
119 
118 
122 
145 
174 
134 
176 
309 
332 
345 
353 
342 
350 
358 
362 
382 
459 
398 
394 
400 
406 

3 
98 
60 
67 
69 
63 
68 
70 
90 
66 

111 
114 
36 
6 

-3 
-7 
18 
2 

30 
- 6  
-2 
- 87 
-2 
20 
-4 
-4  

34 

33 

1.23 
1.92 
2.73 
2.62 
2.88 
2.88 
2.92 
2.88 
3.42 
3.54 
3.88 
4.15 
4.42 
4.54 
4.62 
4.58 
3.85 
4.54 
4.69 
4.77 
4.85 
4.69 
4.92 
5.00 
5.00 
5.00 

Female 

1.35 
0.23 
1.69 
1.69 
1.46 
1.88 
2.08 
1.77 
2.15 
2.62 
2.08 
2.69 
4.08 
4.65 
4.35 
4.77 
4.38 
4.69 
4.77 
4.69 
4.92 
4.92 
4.92 
5.00 
4.92 
5.00 

D 

-0.12 
1.69 
1.04 
0.93 
1.42 
1.00 
0.84 
1.11 
1.27 
0.92 
1.80 
1.46 
0.34 

- 0.09 
0.27 

-0.19 
0.47 

-0.15 
- 0.08 

- 0.07 
- 0.23 

0 
0 
0.08 
0 

0.53 

0.50 

0.08 

Male Female D 

0.79 
1.82 
2.53 
2.74 
2.66 
2.82 
2.89 
3.08 
3.84 
3.89 
3.79 
4.79 
6.05 
5.79 
5.84 
5.97 
6.16 
6.16 
7.00 
6.1 1 
6.68 
6.58 
7.05 
7.47 
7.00 
7.16 

0.63 
0.39 
1.66 
1.61 
1.82 
1.84 
1.68 
2.61 
1.74 
2.79 
2.11 
2.79 
5.34 
5.55 
6.1 1 
6.03 
6.00 
6.00 
6.16 
6.32 
6.68 
8.05 
7.11 
6.95 
7.16 
7.26 

0.16 
1.43 
0.87 
1.13 
0.84 
0.98 
1.21 
0.47 
2.10 
1.10 
1.68 
2.00 
0.71 
0.24 

- 0.27 
- 0.06 

0.16 
0.16 
0.84 

- 0.21 
0 

- 1.47 
- 0.06 

0.52 
-0.16 
-0.10 

0.55 

0.51 

I Average for 13  proxiinal elements. 

.'J A l l  inem male-female differenccs (D) in hand developnient significant at p = 0.001. 
Average value for 19 distal elements. 

This was also true for developmentally 
abnormal embryos in the smaller (1 5-30 
mm) crown-rump range. Thus, embryos 
derived from tuba1 implantations, embryos 
spontaneously aborted and developmen- 
tally-abnormal embryos together showed 
male advancement in the 15-30 mm 
crown-rump range. 

Matched-pair comparisons of abnormal 
embryos and those normal by gross and 
histological examination but abnormal in 
implantation also evidenced male ad- 
vancement. For six pairs of developmental- 
ly abnormal embryos, size-matched within 
t 1 mm, the male embryos were generally 
advanced in hand development though 
not significantly so (t  = 1.21). For six 
pairs of normal-appearing embryos derived 
from ectopic pregnancies or spontaneous 
abortions, male advancement was system- 
atic, and though matched very closely to 

within k 2  mm on the average, there was 
a sex difference of some 49 units in total 
hand score, ( t  = 3.83) highly significant 
by any reasonable measure. For all 12 
pairs of size-matched embryos in the 15- 
30 mm size range, deemed abnormal by 
virtue of implantation or examination, the 
sex difference was marked and the male 
advancement statistically significant. 

Therefore, whether comparing hand 
development of male and female embryos 
of the same size, or expressing prenatal 
hand development per unit of crown-rump 
length, for the total hand or for the prox- 
imal and distal hand elements, or using 
the matched-pair technique, and for both 
normal and abnormal embryos as devised 
above, male advancement in the develop- 
ing hand was seen to be a consistent fea- 
ture, primarily in the 15-30 mm crown- 
rump range. 
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DISCUSSION 

The findings in this new study are both 
clear-cut and simple to describe. They 
show that, in the 15-75 mm crown-rump 
range, the male embryo is further ahead 
(i.e., advanced) in the development of the 
hand skeleton, and up to the time of ap- 
pearance of calcified bone tissue. This is 
true separately for the proximal hand 
alone (including the carpals), for the dis- 
tal hand alone (the metacarpals and pha- 
langes) and, of course, it is then true for 
the hand-wrist area as a whole. If we ex- 
press early hand development as a total 
score, the sum of the stages achieved by 
individual bone areas, and in relation to 
crown-rump length, then we find that the 
male embryo is approximately 10% ad- 
vanced over the female embryo of equal 
length. 

Conversely, for constant stage of hand 
development (measured as a total score), 
the male embryo is then shorter in crown- 
rump length, by some 10% in that stem 
dimension. This generalization holds true 
when the proximal hand-wrist area is 
considered alone, with its 13 skeletal ele- 
ments, and when the distal hand area is 
considered alone, with its 19 tubular 
bones. Either the 15-75 mm male embryo 
is advanced in the development of the 
hand skeleton, for given crown-rump 
length, or the female embryo is dimen- 
sionally long for her developmental status 
during the first trimester. Either way, 
there is a rather large sex difference in 
early development and developmental tim- 
ing of the hand skeleton, more so in the 
smaller 15-30 mm crown-rump range than 
in the larger and later 30-75 mm crown- 
rump range. 

This finding of male advancement for 
constant length does not have postnatal 
parallels in (1) ossification timing, (2) 
epiphyseal union, (3) development of the 
permanent dentition nor (4) in sexual 
maturation. It is, however, consistent with 
our previously-published data on palatal 
closure (Burdi and Silvey, '69a,b), and 
our findings on early prenatal dental de- 
velopment (Garn and Burdi, '71). It is, 
moreover, consistent with Infante's recent 
findings on early postnatal deciduous tooth 
emergence (Infante, '73). During the first 
trimester it is the male and not the female 

that is advanced in both skeletal (hand) 
and dental development, as our studies 
on 20 deciduous teeth and 32 elements 
of the hand skeleton together show. 

The implications of these continuing 
findings are numerous. To the extent that 
there are still stage-specific developmental 
insults, one might expect critical timing 
to be markedly different for male and fe- 
male embryos. To the extent that such 
insults are time-specific, one might expect 
the sexes to differ considerably in the 
stage of embryological development at- 
tained. 

The data here set forth in tabular form, 
showing developmental differences in size- 
matched embryos and in the data analyses 
employed point out several important new 
generalizations about early human pre- 
natal development. First, they document 
the excess of male embryos, in spontane- 
ous abortions. Second, they show that male 
embryos are developmentally different 
from female embryos of comparable crown- 
rump lengths, both in apparently normal 
embryos and in those of abnormal implan- 
tation as well as those abnormal by gross 
and histologic examination. Third, they 
show the extent of early prenatal develop- 
mental variability at constant length, akin 
to the postnatal situation with which we 
are all familiar, and hinting at prenatal 
origins for later size differences. Finally, 
they show that the proximal hand-wrist 
area, including the carpus, and the distal 
hand area, comprising the metacarpals 
and phalanges evidence comparable male 
advancement for constant crown-rump 
length. In this way the way is open for 
prenatal hand standards, necessarily sex- 
specific, such as have long been employed 
in postnatal developmental assessment. 
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