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Summary  One hundred and twenty-nine embryos with polydactyly 
were found among 36,380 human conceptuses obtained through induced 
abortion during the period from 1962 to 1974, giving an overall incidence 
of 0.35% ; this must be taken as an underestimate because the denominator 
includes a large number of damaged embryos. A significant increase was 
noted in 1971 and 1972, and some exogenous factors, most probably ascer- 
tainment bias, were suspected to be responsible. About three quarters 
of  the present cases had preaxial polydactyly in contrast to the predomi- 
nance of postaxial type in Negro and Caucasian populations. The ratio 
unilateral to bilateral affection was approximately 2 : 1. 

The mean maternal age did not differ significantly from that of  the 
general embryonic population, indicating that chromosomal aberrations 
such as trisomies 13, 18 and 21 that are closely associated with maternal 
age may not constitute a major component as causes of Japanese poly- 
dactyly. Maternal pregnancy order had no effect upon the causation of  
this malformation. The case mothers were shown to have more frequent 
miscarriages than controls, suggesting the possible effect of some kind of  
maternal predisposition. No association was verified with paternal age, 
parental consanguinity nor with maternal medical history, including ir- 
regular menstrual cycle, and smoking and drinking habit. None of  the 
cases was found to be familial. Argument was made that dominant inher- 
itance is not a major cause and that complex genetic mechanisms or un- 
known exogenous factors may be responsible for the majority of the Japa- 
nese cases of polydactyly. 

INTRODUCTION 

Polydactyly is one of the common malformations in man, which is charac- 
terized by any duplication of  one or more digits of  the hand or foot. Numerous 
reported cases of  polydactyly indicate that this anomaly has considerable variation 
in expressivity. According to the location of the extra digit, polydactyly is classified 
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into two different categories, i.e., preaxial and postaxial (Warkany, 1971). Preaxial 
polydactyly is a condition represented by an extra thumb or large toe (partial or 
complete) involving a triphalangeal thumb. Index finger polydactyly which is 
encountered rather rarely is also included in this category. Postaxial polydactyly 
may have two clinical varieties. In type A, a well-formed articulated extra digit 
arises from the ulnar or fibular edge, while in type B, the extra digit is vestigial and 
is frequently in the form of a skin tag, which is often referred to as pedunculated 
postminimus. 

A dominant mutant gene has been suggested to be responsible for a certain 
proportion of postaxial polydactyly (Woolf and Woolf, 1970; McKusick, 1975). 
Familial occurrence was noted in 37-39~ of the propositi with postaxial polydactyly 
in American whites (Woolf and Woolf, 1970) and in inhabitants of South American 
countries (Castilla et al., 1973). In those populations, familial tendencies were 
more remarkable for type B than for type A of postaxial polydactyly, suggesting 
that these two types are of separate entities. On the other hand, it is likely that 
preaxial polydactyly occurs by different mechanisms from those of postaxial type. 
In a genetic study of polydactyly in Utah (Woolf and Woolf, 1970), none of the 
94 sibs of the 32 propositi with duplication of the first digit (thumb or large toe) 
was affected by this anomaly. Because of the low frequency of affected relatives, 
it was suggested that polygenes or exogenous factors are responsible for this type 
of polydactyly. 

According to McKusick's catalog (1975), dominantly inherited polydactyly 
is recognized mainly as an isolated malformation. In addition to being an isolated 
malformation, polydactyly may occur as a part of several genetic syndromes some 
of which are autosomal recessive (Temtany and McKusick, 1969; Warkany, 1971; 
McKusick, 1975) or as a symptom of chromosomal aberrrations such as trisomies 
13, 18 and 21 (Pfeiffer and Santelmann, 1977). Sporadic cases of polydactyly are 
known to occur in otherwise normal persons. Although sporadic cases may not 
be rare, such cases usually remain unreported. Thus it is clear that polydactyly 
has considerable genetic heterogeneity. 

Another striking feature of polydactyly is the racial difference in its incidence 
figures. This anomaly occurs about ten times more frequently in Negroes than in 
Caucasians (Frazier, 1960; Simpkiss and Lowe, 1961; Altemus and Ferguson, 1965; 
Woolf and Myrianthopoulos, 1973), and it is suggested that this malformation has 
a strong genetic component in Negro populations. In the Japanese, the incidence 
of polydactyly with and without associated anomalies has been reported as 0.9-1.2 
per 1,000 newborns (Mitani, 1954; Ohkura, 1956; Neel, 1958)o Neel (1958) compared 
the reported incidence figures of polydactyly in several racial groups and noted that 
the frequency at birth in Japanese is slightly higher than in Caucasians but much 
lower than in American Negroes. In a study of 44 Japanese infants with poly- 
dactyly, he found only one recurrence in 115 sibs of the propositi. Supported by 
a relative paucity of pedigrees that illustrate simple modes of inheritance for poly- 
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dactyly in the Japanese literature, he concluded that the recurrence risk of this 
anomaly appeared to be lower in Japanese than in Caucasian populations. This 
suggests that most of the Japanese cases of polydactyly may occur by exogenous 
factors or by polygenes of low heritability. However, the relative frequencies of 
preaxial and postaxial types and the nature of exogenous factors in the etiology of 
Japanese polydactyly remain to be answered. 

Although polydactyly is a rather common malformation, it is not always easy 
to collect a number of infant cases enough to make genetic and epidemiologic studies. 
On the other hand, Nishimura (1970) showed that the incidence of polydactyly is 
far higher in embryos--9.0 per 1,000 undamaged embryos--than in infants. This 
fact has made evident that a large proportion of the affected embryos are destined 
to be eliminated before birth. Thus the embryonic population could provide us 
with a unique opportunity for epidemiologic investigation on the etiology of poly- 
dactyly in man. As a result of expansion of the embryonic collection in Nishimura's 
laboratory, data are now available for 129 cases of polydactyly in all .  The aim of 
this paper is to present some genetic and epidemiologic characteristics of these 
cases. 

MATERIALS AND METHODS 

The human embryos used in the present study were from the collection of human 
conceptuses in the Human Embryo Center for Teratological Studies, Faculty of 
Medicine, Kyoto University. This collection, which has been accomplished by 
Professor H. Nishimura and his associates, is composed of a large number of human 
conceptuses derived from artificial termination of pregnancy. The number of the 
specimens collected between January 1962 and December 1974 amounted to 36,380. 
In the majority of the cases, pregnancy was terminated by cervical dilatation and 
curettage for "socio-economic" reasons under the Eugenic Protection Law. They 
occasionally contained the cases of threatened abortion as judged by the obste- 
tricians. The term "threatened abortion" does not only mean a beginning or in- 
complete abortion; it is used if the obstetricians considered the probability of spon- 
taneous abortion be more or less high depending upon the degree and duration of 
genital bleeding and/or other clinical symptoms. The collection also contains a 
relatively small number of the cases obtained by means of hysterectomy or sal- 
pingectomy with such indications as uterine myoma or ectopic pregnancy. 

For each of the specimens, information concerning medical, reproductive and 
family history of the mother was taken by the obstetrician before or soon after 
operation, using a standard interview form consisting of ca. 20 items. Further 
details of the collection and the characteristics of the embryonic population have 
been described elsewhere by Nishimura et al. (1968) and Matsunaga and Shiota 
(1977). 

Among the embryonic specimens collected during the period from 1962 to 
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1974, polydactyly was diagnosed in 129 instances. Photographs of some of the 
cases are shown in a monograph by Nishimura and Okamoto (1976). Since various 
types of polydactyly (e.g., index finger polydactyly, or types A and B of postaxial 
polydactyly) cannot easily be distinguished in embryos, the present series were 
classified into two broad categories only; preaxial and postaxial. 

For epidemiologic analysis, three groups of embryos were drawn as controls 
from the same collection: (1) The 3,411 undamaged embryos, which may be regarded 
as representatives of the whole set of the collection for the reasons given elsewhere 
(Matsunaga and Shiota, 1977). This control group will be referred to as the "general 
embryonic population." (2) One case of externally normal embryo, for each case 
of polydactyly, matched for maternal age and the time of onset of the last men- 
struation. These cases were used for analysis of paternal age effect. (3) One case 
of externally normal embryo, for each affected case, matched for parity (pregnancy 
order) and the time of onset of the last menstruation. This control group was used 
for analysis of several factors other than parental age and partly. 

Of the 129 polydactyly cases, data concerning clinical and family history of the 
mother were not available for eight embryos; six with preaxial polydactyly of the 
hand and two with postaxial polydactyly of the foot. 

RESULTS 

Source of the specimens 
The source of the 121 polydactylous embryos and of the parity-matched controls 

is shown in Table 1. About one third of the malformed embryos were obtained 
through induced abortion performed in women having a sign of threatened abortion, 
while this was the case in about 15~o of the normal controls. The result shown 
in Table 1 indicates that not a few of the conceptions with a polydactylous embryo 
tend to terminate spontaneously from an early stage of gestation. About I l K  
(14/129) of the malformed embryos were found to be dead in utero as judged by 
postmortem maceration. 

Types of polydactyly 
Table 2 shows the distribution of the 129 embryos by the type and laterality 

of the defect. More than 80~ of the cases had hand polydactyly. Of the cases 
with hand polydactyly, preaxial type was about 8 times more frequent than postaxial 
one, while in the foot, the latter type predominated over the former in inverse ratio. 
Among the cases with unilateral polydactyly, there was no significant preference 
of either right or left side. 

In human characters with known etiological heterogeneity, such as retino- 
blastoma, bilateral affection may be regarded as a sign of greater contribution by 
genetic rather than by exogenous factors, while the reverse may be applied to uni- 
lateral affection. It is therefore interesting to see that, in our data, the relative 
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Table 1. Source of the polydactylous embryos and of the parity-matched controls. 

Polydactyly 

Method of Hand Foot Total 
Hand acquisition and 

Pre- Post- Pre- Post- foot No. % 
axial axial axial axial 

Control 

No. % 

Induced abortion, 
without a sign of 50 19 14 2 76 62.8 90 74.4 
threatened abortion 
Induced abortion, 
with a sign of 31 2 0 1 3 37 30.6* 18 14. 9 
threatened abortion 
Hysterectomy 0 0 I 0 0 1 0.8 1 0.8 
Ectopic pregnancy 1 0 0 0 0 1 0.8 1 0.8 
Unknown 4 1 0 0 1 6 5.0 11 9'1 

Total 86 12 2 15 6 121 100.0 121 100.0 

*Significantly different from controls (P<0.01). 

Table 2. Distribution of the 129 polydactylous embryos by the type of the defect. 

Type No. of cases % 

Preaxial 92 (Unilateral 64 49.6 
! 4 

Hand I (71.3%) (Bilateral 28 21.7 

( Postaxial 12 (Unilateral 4 3.1 
(9. 3%) (Bilateral 8 6. 2 
Preaxial 2 (Unilateral 2 1.6 
(1.6%) (Bilateral 0 0.0 

Foot 
Postaxial 17 (Unilateral 12 9. 3 
(13.2%) (Bilateral 5 3.9 

Hand and foot 6 4. 7 

Total 129 I00.0 

p ropor t ion  o f  the cases which involved bilateral hands or  feet was larger in postaxial 

than in preaxial group. This finding is consistent with the results obtained by 

family studies that  the recurrence among  the relatives was more frequent for  postaxial 

than for  preaxial polydactyly (Wool f  and Woolf ,  1970). All o f  the six cases involv- 
ing all four  limbs had postaxial polydactyly in at least two limbs. It  is further to 

be noted that  82 (63.6700) o f  the 129 cases were o f  unilateral affection. 

Developmental stages and associated anomalies 
The earliest developmental  stage o f  h u m a n  embryos at which the format ion 

of  a supernumerary digit can be diagnosed is stage 16 for  the hand  and stage 

17 for the foot. Thus the developmental  stages o f  the malformed embryos at 
the time o f  interruption o f  the pregnancy ranged f rom 16 to 23 (Table 3). 
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Table 3. Distribution of the polydactytous embryos by developmental stages. 

Hand Foot Total 
Carnegie stage Hand 

Preaxial Postaxial Preaxial Postaxial and foot No. 

16 19 1 20 15.5 
17 23 23 17.8 
18 24 1 1 26 20.2 
19 17 1 1 19 14.7 
20 6 6 1 5 1 19 14.7 
21 1 1 11 2 15 11.6 
22 1 2 2 5 3.9 
23 1 1 2 1.6 

Total 92 12 2 17 6 129 100.0 

Table 4. Associated external anomalies in polydactylous embryos. 

Hand Foot Hand Total 
and 
foot No. % 

Associated anomalies 
Preaxial Postaxial Preaxial Postaxial 

Holoprosencephaly 20 2 2 24 18.6 
�9 Cleft lip 4 2 1 1 8 6.2 
External ear anomalies 1 1 2 1.6 
Other limb defects 3 1 4 3.1 
Hydrops of trunk 1 1 0. 8 
Caudal dysplasia 1 1 0.8 

Total 26 3 0 1 2 32 24.8 
(~  of the total cases) (28.3) (25.0) (0. 0) (12.5) (33.3) 

A b o u t  a quarter  o f  the polydactylous embryos were associated with other external 

malformat ions  (Table 4). The most  frequently associated anomaly  was holopro-  

sencephaly (cyclopia-arhinencephaly series) which is found  in high incidence in 

human  embryos (Matsunaga and Shiota, 1977). Malformat ions  o f  internal organs 
are not  summarized here because mos t  o f  the present cases were too young  to detect 

internal malformations.  

Incidence and distribution in time 
As described above, 129 cases o f  polydactyly were found  among the total o f  

36,380 conceptuses, the overall incidence being 3.5 per 1,000 conceptions. Admit-  
tedly, however, this figure is an underestimate because the polydactylous embryos 

which had been too much damaged or  macerated did not  come to our  attention and 
because the collection contains an appreciable number  (about 27%) o f  the cases younger  
than stage 16. We may  therefore regard the figure o f  9.0 per 1,000 undamaged 
embryos given by Nishimura (1970) as a s tandard incidence o f  this anomaly  in the 

embryonic  populat ion.  
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Assuming that the proportion of damaged or macerated embryos in our sample 
was uniformly distributed throughout the time under study, we examined the vari- 
ation in incidence of polydactyly by year and month. The annual incidence of this 
anomaly during the 13 years is shown in Table 5. It can be noted that the incidence 
of the total polydactyly cases inclusive increased significantly in 1971 and 1972. 
When we examined the variation in annual incidence after dividing the cases accord- 
ing to the type and laterality of the anomaly, significant increase was noted in 1971 
and 1972 not only for preaxial (unilateral and bilateral) or unilateral polydactyly 
but also for bilateral one (preaxial and postaxiat). Postaxial polydactyly (unilateral 
and bilateral) increased significantly in 1971 but not in 1972. From these findings, 
it is evident that the cluster in 1971 and 1972 was not limited to the increase in the 
cases with preaxial or unilateral polydactyly for which the role of exogenous factors 
is thought much greater than for postaxial or bilateral one. 

Table 6 shows the distribution of months by the number of affected embryos 
in a month from 1965 to 1974, during which the number of the specimens per year 
was satisfactorily large. The mean number of cases occurred in a month was 
0.99, which was close to the variance of 1.05. The distribution of months by the 
number of cases agrees well with the expectation from the Poisson model. This 
finding implies that polydactyly occurs randomly through time and that the number 
in one month does not influence the number in other months. 

Seasonal variation 
Table 7 represents the distribution of the months of conception for the cases 

for which the exact date of the last menstruation was known. The 'expected' values 
were calculated on the basis of the vital statistics data for all live-births in Japan 
for the year of 1968; it was assumed that the distribution of the months of conception 
did not differ according to whether the conception ended in induced abortion or 
live-birth. Although there exists some variation in monthly occurrence, the differ- 
ence from expected was not significant and no apparent sign was evident pointing 
to a regular cyclic trend by seasonal changes. 

Parity effect, after exclusion of  maternal age effect 
In Table 8, the distribution of parity (pregnancy order) of the case mothers 

is shown, compared with the expected one for the general embryonic population. 
The expected distribution of parity which was corrected for maternal age was com- 
puted based on the joint distribution of maternal age and parity for the 3,411 undam- 
aged embryos. The details of the method of calculation was described elsewhere 
(Matsunaga and Shiota, 1977). The mean parity of the mothers did not differ 
significantly between the different types of polydactyly. Although the overall 
mean parity of the case mothers (3.48) was lower than expected (3.78), the difference 
did not reach the significance level (t=l.13, P>0.2). In addition, the relative 
incidence showed no consistent pattern with increasing parity. Thus there seems 



180 K. SHIOTA and E. M A T S U N A G A  

" O  

"a 

< 

u-; 

[- 

~  

< o  

,..--k 

~5 
V 

~5 
V 

V 

O', 

O 



POLYDACTYLY IN HUMAN EMBRYOS 181 

Table 6. Distribution of months by the number of polydactylous embryos in a month. 

No. of cases in a month 
No. ofmonths, 1965-1974 

Observed Expected* 
7( 2 

0 48 44.6 
1 38 44.1 
2 23 21.9 
3 9 7.2 
4 2 1.8 

5 or more 0 0.4 

0.259 
0.844 
0.055 

0.272 

Total 120 120.0 1.430 
Mean 0.99 d.f. =2 
Variance 1.05 P ~  0.30 

*Based on the Poisson model. 

Table 7. Distribution of the polydactylous embryos by the month of conception. 

Month of Observed no. Yo distribution of total conceptions Expected no. Difference 
conception of cases in Japan* of cases Obs.-Exp. 

January 12 8.06 10.2 1.8 
February 8 7.91 I0.0 --2.0 
March 8 8.63 10.9 --2.9 
April 13 8.80 11.1 1.9 
May 16 8.03 10.1 5.9 
June 10 8.46 10.7 --0.7 
July 6 8.65 10.9 - 4 . 9  
August 4 8.25 10.4 - 6 . 4  
September 12 7.77 9.8 2.2 
October 13 8.71 11.0 2.0 
November 15 8.56 10.8 4.2 
December 9 8.17 10.3 --1.3 

Total 126 100.0 126.2 --0.2 

*Based on the vital statistics data for all live-births in 1968 (1,870,000 in number), the Ministry of 
Health and Welfare, Japan. 

to be no effect o f  pa r i ty  upon  the causa t ion  o f  po lydac ty ly .  

Maternal age effect, after exclusion of parity effect 
Table  9 shows the d is t r ibu t ion  o f  the case mothers  by  age, wi th  the expected 

one which was cons t ruc ted  again  f rom the da ta  for  the  general  embryon ic  popu la t i on  

after  cor rec t ion  o f  the var ia t ion  in par i ty .  The  mean  age o f  the case mothers  was 

sl ightly h igher  than  expected,  bu t  the difference was s tat is t ical ly no t  significant 

( t=0 .44 ,  P > 0 . 6 0 ) .  There  was no  significant difference in mate rna l  age between 

the different types o f  the anomaly .  
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Distribution of parity in the study group and in the general embryonic population 
corrected for maternal age. 

Parity 

Polydactyly 

Expected Z~ Relative 
Hand Foot Hand no. incidence 

and Total 
Preaxial Postaxial Preaxial Postaxial foot 

1 14 1 0 0 1 16 17.8 0.18 0.90 
2 22 4 0 4 1 31 19.7 6.48 1.57 
3 20 1 0 4 2 27 23.6 0.49 1.14 
4 11 2 0 2 0 15 20.0 1.25 0.75 
5 6 2 1 2 0 11 15.5 1.31 0.71 
6 5 0 0 2 2 9 10.4 0.19 0.87 

7andmore 8 2 1 1 0 12 14.1 0.31 0.85 

Total 86 12 2 15 6 121 121.1 10.21 
Mean 3.30 3.75 6.50 3.87 3.50 3.48 3.78 P~0.10 
Variance 3.98 4.75 4.50 3.27 4. 30 4.05 4.43 

1. O0 

Table 9. Distribution of maternal age in the study group and in the general embryonic 
population corrected for parity. 

Polydactyly 

Expected Z2 Relative Maternal Hand Foot Hand no. incidence 
age and Total 

Preaxial Postaxial Preaxial Postaxial foot 

-19 2 0 0 0 0 2 4.1 l 1.09 0.82 
20-24 18 I 0 4 1 24 27.8 ) 
25-29 27 4 1 3 1 36 33.6 0.17 1.07 
30-34 22 3 1 5 2 33 28.1 0.85 1.17 
35-39 12 4 0 3 1 20 20.6 0.02 0.97 

40-44 5 0 0 0 1 6 6.4 l 0.12 0.94 
45- 0 0 0 0 0 0 0.5 ) 

Total 86 12 2 15 6 121 121.1 2.25 
Mean 29.56 31.08 31.00 29.21 32.56 30.10 29.75 P)0 .50  
Variance 35.57 25.17 12.50 36.34 50.00 34.62 40.75 

1. O0 

In  our  previous report  (Matsunaga  and Shiota, 1977), a complicated relation- 

ship between maternal  age and  pari ty was observed for holoprosencephalic  embryos,  

and  it was suggested that  some of the mothers  with low parity had underest imated 

the n u m b e r  of  the previous pregnancies.  Therefore, we compared again the mater-  

nal  age of the present  cases with the expected value after dividing the mothers  into 

two groups, i .e. ,  those with low (1 and  2) and  high (3 and  more) parity. In  neither 

group, however, the mean  age of  the case mothers differed significantly from ex- 

pected (observed 1r expected was 25.69 vs. 25.75 for the low pari ty group and 32.91 
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Maternal age distribution for polydaetylous embryos, with and without associated 
anomalies. 

Maternal age 

Polydactyly 

With other anomalies Without other anomalies 

No. ~ No. % 

-19 0 0 .0  2 2.2 
20-24 3 9.4 21 23.6 
25-29 14 43.8 22 24.7 
30-34 8 25.0 25 28.1 
35-39 6 18.8 14 15.7 
40-44 1 3.1 5 5.6 

Total 32 100.0 89 
Mean 30.63 29.92 
Variance 25.40 38.13 

100.0 

vs. 32.30 for the high parity group). 
It  is well known that polydactyly is occasionally found in patients with trisomy 

13 for which the risk increases with advancing maternal age (Smith, 1970). Since 
trisomy 13 syndrome is a complex of various defects, it seemed of some interest 
to examine whether there was any difference in maternal age between the cases with 
and without associated malformations. Although the mean of the former group 
(30.6) was slightly higher than that of  the latter (29.9), there was no significant differ- 
ence in the mean (t=0.58, P>0.50)  nor in the distribution (Z2=0.11, d . f .=2,  P >  
0.90) of  maternal age between the two groups (Table. 10) . . . . . . .  

Paternal age effect, after exclusion of maternal age effect 
Information on paternal age was available for 93 cases. As shown in Table 

11, there was no difference in the mean nor in the distribution of paternal age be- 
tween the cases and normal controls matched for maternal age. This result indicates 
that paternal age has no effect upon the production of polydactyly. 

Maternal history of miscarriages 
Among the 121 case mothers whose parity was known, 105 mothers were mul- 

tiparous (Table 7). For  these mothers and the control mothers matched for parity, 
the distribution of the number of  previous miscarriages (spontaneous abortions 
and stillbirths) is shown in Table 12. The proportion of the mothers having ex- 

perienced at least one pregnancy wastage prior to the index pregnancy was 23 .8~  
in the study group, whereas it was 15.2~ in the control group, though the difference 
was not significant (z~=2.45, 0 .10<P<0.20) .  It  seems worthy of  note that the 
mean number of  miscarriages for the case mothers (0.34) was greater than that for 
the controls (0.23), though the difference again did not reach the significance level 
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Table 11. Paternal age distribution for polydactyls and controls, matched for maternal age. 

Polydactyly Control 

Paternal Hand Foot Total Relative 
age Hand incidence 

Pre- Post- Pre- Post- and 
axial axial axial axial foot No. % No. % 

20-24 8 0 0 0 1 9 9.7 I0 10.8 0.90 
25-29 15 3 0 2 0 20 21.5 19 20.4 1.05 
30-34 17 5 1 5 1 29 31.2 24 25.8 1.21 
35-39 10 1 I 3 1 16 17.2 22 23.7 0.73 
40-44 12 0 0 1 2 15 16.1 12 12.9 [ 1.06 
45- 3 0 0 0 1 4 4.3 6 6.5 ) 

Total 65 9 2 11 6 93 100.0 93 
Mean 33.4 31.4 35.0 33.9 37.5 33.6 33.8 
Variance 50.7 11. I 12.5 20.5 80.0 44.5 47.9 

100.0  1. O0 

Table 12. History of previous miscarriages of the multiparous mothers in the study group and 
in the controls (parity-matched). 

No. of previous miscarriages 
Mothers of polydactyls Controls 

No. % No. % 

0 80 76.2 89 84.8 
1 17 16.2 12 11.4 
2 5 4.8 1 1.0 
3 3 2.9 2 1.9 
4 0 0.0 1 1.0 

Total 105 100.0 105 
Mean 0.34 0.23 
Variance 0. 504 0. 435 

100.0 

( t =  1.27, P > 0.20). A l t h o u g h  nei ther  the mean  nor  the d is t r ibut ion  differed signifi- 

cantly,  i t  seems p r o b a b l e  tha t  the case mothers  are somewhat  more  l ikely to have 

miscarr iages  in other  pregnancies  than  the mothers  o f  the no rma l  embryos .  

Menstrual cycle 
In  w o m e n  having i r regular  mens t rua l  cycle, the r isk of  de layed ovula t ion  and 

de layed fer t i l izat ion would  be higher.  As  shown in Table  13, however ,  no difference 

was no ted  in the f requency o f  i r regular  mens t rua l  cycle between the mothers  o f  

the cases and  o f  the pa r i t y -ma tched  controls ,  indica t ing  tha t  i r regular  mens t rua t ion  

does no t  increase the r isk o f  polydacty ly .  

Maternal ill health during pregnancy 
The frequency o f  the mothers  who had  had  an illness dur ing the index pregnancy  
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Regularity of menstrual cycles in the mothers of the study group and of the control 
group (parity-matched). 

Menstrual cycles 
Mothers of polydactyls Controls 

No. ~ No. 

Regular 106 87.6 105 86. 8 
Irregular 15 12.4 16 13.2 

Total 121 100.0 121 100.0 

Table 14. Maternal medical history during pregnancy in the study group and in the control 
group (parity-matched). 

Mothers of polydactyls Controls 
Disease 

No. ~o No. 

Influenza or fever 6 5.0 10 8.3 
Rubella 0 0.0 1 0.8 
Pulmonary tuberculosis 2 1.7 1 0.8 
Goiter or thyroiditis 1 0. 8 1 0. 8 
Anemia 1 0. 8 3 2. 5 
Cardiovascular disease 2 1.7 1 0.8 
Digestive disease 2 1.7 2 1.7 
Nephritis 0 0.0 1 0.8 
Ureter stone 0 0. 0 1 0.8 
Myoma uteri 1 0.8 1 0.8 
Vaginal mycosis 1 0.8 1 0.8 
Hyperemesis 3 2.5 1 0.8 
Epilepsy 1 0.8 0 0.0 
Psychosomatic disease 0 0.0 1 0.8 

Total cases 18 14. 9 22 18.2 

No. of cases examined = 121 in each group. 

d id  no t  differ significantly f rom tha t  o f  the cont ro l  mothers  (Table 14). Assoc ia t ion  

was no t  verified between po lydac ty ly  and  any  specific illness. 

A b o u t  3 6 ~  o f  the  case mothe r s  h a d  genital  b leeding dur ing  the t e rmina ted  

pregnancy  (Table  15). Occurrence o f  th rea tened  abo r t i on  was significantly more  

f requent  a m o n g  the case mothers  than  a m o n g  the controls .  O f  the 35 po lydac ty ly  

cases accompan ied  by  a s y m p t o m  o f  th rea tened  abor t ion ,  20 embryos  were asso-  

c ia ted  with o ther  deve lopmenta l  defects such as ho loprosencepha ly .  I f  we excluded 

these 20 cases, the difference in the  f requency o f  th rea tened  abo r t i on  between the 

s tudy g roup  and  the cont ro ls  became no t  significant. Thus  the increase in genital  

b leeding and  threa tened abo r t i on  o f  the case mothers  is main ly  due to the associa ted  

serious ma l fo rma t ions  o f  the embryo ,  and  no t  to po lydac ty ly  as an  isolated mal-  

fo rmat ion .  
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Maternal genital bleeding during the terminated pregnancy in the study group and 
in the control group (parity-matched). 

Genital bleeding 
Mothers of polydactyls Controls 

No. % No. % 

(+  +) * 35 28.1'* 18 14.9 
(+)  9 7.4 8 6.6 
( - )  77 64.5 95 78.5 

Total 121 100.0 121 100.0 

*Accompanied by symptoms of threatened abortion. 
**Significantly different from controls (Z2=7.41, d.f. =1, P<0.01). 

Table 16. Maternal drug consumption and irradiation during pregnancy in the study group 
and in the control group (parity-matched). 

Mothers of polydactyls Controls 

No. ~ No. 

Progestagens 20 I6.5 13 10. 7 
Estrogens 6 5.0 8 6.6 
Analgesics 1 0.8 10 8.3 
Antibiotics 3 2.5 3 2.5 
Vitamines 5 4.1 3 2.5 
Vaccines 2 1.7 2 1.7 
Antiemetics 1 0.8 1 0.8 
Sedatives 1 0.8 2 1.7 
Other drugs 6 5.0 8 6.6 

Total cases 35 28.9 37 30.6 

Irradiation 3 2.5 4 3.3 
Chest 1 0.8 3 2.5 
Abdominal 2 1.7 0 0.0 
Neck 0 0.0 1 0.8 

No. of cases examined=121 in each group. 

Maternal exposure to drugs and ionizing radiation 
As shown in Table  16, there was no  difference in the f requency o f  drug  con- 

sumpt ion  and  i r r ad ia t ion  between the case mothers  and  the con t ro l  mothers .  

A l t h o u g h  the fo rmer  involved m o r e  cases who ingested proges tagens  dur ing  preg-  

nancy,  these h o r m o n e s  had  been given the women  as a t rea tment  o f  th rea tened  

a b o r t i o n  and  therefore  m a y  no t  be causative.  The his tory o f  a b d o m i n a l  X- ray  

exposure  was repor ted  by  two mothers  in the s tudy group,  but  the number  is too  

small  to give some idea. 

Maternal smoking and alcohol consumption 
The f requency o f  smokers  and  a lcohol  consumers  among  the case mothers  d id  
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Smoking habit of the mothers in the study group and in the control group (parity- 
matched). 

Mothers of polydactyls Controls 
Smoking 

NO. % No. % 

(+) 8 6.6 14 11.6 
(--) 86 71.1 85 70.2 

Unknown 27 22.3 22 18.2 

Total 121 100.0 121 100.0 

Table 18. Drinking habit of the mothers in the study group and in the control group (parity- 
matched). 

Mothers of polydactyls Controls 
Alcohol 

No. % No. % 

(+) 13 10.7 9 7.4 
(--) 32 26.4 33 27.3 

Unknown 76 62.6 79 65.3 

Total 121 100.0 121 100.0 

not differ significantly f rom the respective values among the control mothers (Tables 
17 and 18). 

Family history and parental consanguinity 
Information on the family was obtained for only 67 cases. Only two of these 

(1.7%) had a family member  with a congenital malformation;  one had a sib with 
VSD and the other had a sib with atresia of  the external acoustic meatus. The 
remaining 65 mothers did not recall any developmental abnormalities (including 
polydactyly) in their close relatives. Among the 67 parity-matched controls for 
which familial information was available, there were three cases which had another 
family member  with congenital malformations; one of  them had a relative with 

polydactyly. 
None of  the mothers in the study group admitted consanguinity between the 

spouses, whereas there was one (0.8%) cousin marriage in the control group. Thus 
no indication of  elevated parental consanguinity was revealed in this series of  poly- 

dactylous embryos. 

DISCUSSION 

The examination of  the present series revealed that polydactyly in Japanese 
embryos is predominantly preaxial. Perhaps this is an important feature of  Japa- 
nese polydactyly, because in Negro and white populations, postaxial type is far 
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Table 19. Preaxial/postaxial and unilateral/bilateral ratios of polydactyly in several racial groups. 

Ratio 
Incidence of No. of 

Race polydactyly cases Preaxial: Postaxial Authors 
(~) examined ( ) :  Unilateral vs. Unilateral: Bilateral 

bilateral 

Embryo 
Japanese 0.35 129 73 : 27 64 : 36 Present study 

(70:30) (55:45) 
Newborn 

Chinese 
(Hong Kong) 

Latin American* 

American white 

American Negro 

0.06 15 60 : 40 - -  Stevenson et al. 
(1966) 

O. 10 188 18 : 82 62 : 38 Castilla et al. 
(77 : 23) (58 : 42) (1973) 

0.08 32 7 : 93 (63:37)** ? Woolfand 
Myriantho- 

1.2 344 1 : 99 (39 61)** poulos (1973) 

*From Urguay, Chile and Argentina. Ethnic groups involved were: Latin Europeans, non-Latin 
Europeans, Jews, natives, Arabians, Negroes, Orientals and others. 

**For pedunculated postminimi only. 

more frequently encountered than preaxial one (Table 19). Especially in Negro 
populations where the frequency of polydactyly is about ten times higher than that 
of  the other ethnic groups, postaxial polydactyly occurs at an incidence rate of  
13.5 per 1,000 against 0.08 per 1,000 for preaxial polydactyly (Woolf and Myrian- 
thopoulos, 1973). Such a racial difference possibly reflects the difference in genetic 
constitutions between different racial groups. Referring to Table 19, the ratio 
unilateral to bilateral affection for preaxial or postaxial polydactyly appears almost 
invariant in the Japanese as well as in Latin American people (Castilla e t  aI.,  1973), 
though the relative frequencies of  preaxial and postaxial polydactyly are ahnost 
inverse between the two populations. This suggests that each type of polydactyly, 
i .e . ,  preaxial or postaxial, is etiologically alike in any racial group even if the rela- 
tive frequencies are quite different. 

In veiw of the known familial tendencies of  postaxial polydactyly, the lack of 
the family histories of  the anomaly in the present series was striking. In addition, 
none of  the parents were found to be consanguineous. Hereditary cases, if any, 
might have been overlooked, or the mothers might have concealed the fact or they 
might have not noticed the presence of similar anomalies in their relatives because 
the deformities had been surgically removed. However, these cannot be the case 
in many of the instances. It  can be pointed out that our system may not be highly 
effective for such data collection because the mothers were interviewed only by the 
obstetricians. Nevertheless one of the relatives of  the 67 normal controls was 
found to have the same digital anomaly, suggesting that more than a few of  the 
familial cases of  polydactyly could not be overlooked if present. 
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The apparent absence or extremely low frequency of affected relatives in our 
series, however, is consistent with the result obtained by Neel (1958) who examined 
the Japanese infant cases. According to Handforth (1950), among 14 Chinese 
prisoners with polydactyly (13 cases were preaxial and one was postaxial), there 
was only one who had a family history of supernumerary digits. The infrequent 
familial occurrence of polydactyly in Orientals is perhaps due to the fact that in 
this racial group, the proportion of preaxial polydactyly is much larger than in other 
groups. Therefore, in Orientals including Japanese, at least dominant inheritance 
is not a major component as causes of polydactyly and complex genetic mechanisms 
or unknown exogenous factors may be responsible for the majority of the cases. 

Although polydactyly was shown to occur randomly through time, a bulk of 
the cases was noted in the years 1971 and 1972, Tanimura (1975) examined the 
variation in annual incidence of preaxial polydactyly of the hand among undamaged 
embryos from the same collection as ours, and demonstrated that the anomaly 
increased especially in 1971, being significant as compared with the preceding years. 
The significant increase in the incidence of preaxial polydactyly was also shown by 
the present study. Although the cause of the duster in 1971 and 1972 is not clear, 
it seems that some unknown extraneous factors, most probably some kind of ascer- 
tainment bias, were at work temporarily, because postaxial and bilateral polydactyly 
for which the role of genetic component is known to be great also increased in 
those years and the incidence declined in 1973 and 1974 to around the mean level. 
It is noted that among the affected cases, the proportion of the embryos at stages 
16 and 17 in which diagnosis of polydactyly is not always easy increased in 
1971 and 1972 (17/39; 43.6~o) as compared with the preceding years (26/80; 32.5~), 
but this fact alone does not explain the cluster in those years, and perhaps changing 
diagnostic criteria on the side of the investigators may be another cause. 

In the present series, maternal parity was shown to have no effect upon the 
causation of polydactyly. Our data disclosed no evidence of parental age effect. 
As described earlier, polydactyly is known to present in patients with such chro- 
mosomal aberrations as trisomy 13 (Teller and Pfeiffer, 1964; Warkany et al., 1966; 
Taylor, 1968; Dallapiccola and Pistocchi, 1972), trisomy 18 (Goodman, 1963; 
Schinzel and Schmid, 1971), trisomy 21 (Hanhart, 1960; Fabia and Drolette, 1970; 
Dignan, 1973), and 13q+ (Pfeiffer and Santelmann, 1977). Above all, polydactyly 
is a typical feature of trisomy 13; partial or complete duplication of the digit is 
seen in about 80~o of the cases (Pfeiffer and Santelmann, 1977). In addition, it 
is known that trisomies 13, 18 and 21 occur in close relation with advancing maternal 
age (Lenz and Lenz, 1968; Lenz, 1970). Consequently, if our series had contained 
an appreciable number of these trisomics, a proportionate rise in maternal age 
should be detected. Supposing that the relative risk of trisomies 13 and 18 increases 
with advancing maternal age in a fashion similar to that of trisomy 21 and that all 
of the present cases were of trisomies 13, 18 or 21, it is expected that the mean ma- 
ternal age should be about 35 years. However, the observed mean age of the case 
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mothers was 30.1 which was higher than the expected value by only 0.35 year. Thus 
the chromosomal aberrations for which the risk increases with advancing maternal 
age may, if any, not constitute a major part  as causes of  polydactyly in human em- 
bryos. However, the role of  chromosomal aberrations in the etiology of poly- 
dactyly should be examined in future by cytogenetic studies of  polydactylous em- 

bryos. 
Except the history of pathological genital bleeding, our results disclosed no 

association between polydactyly and maternal medical history, including irregular 
menstruation, and smoking and drinking habit. The commonly used drugs as 
listed in Table 16 had no indication to cause polydactyly in man. One of the sug- 
gestive findings disclosed by the  present study was that the mothers of  the poly- 
dactylous embryos had more frequently miscarriages prior to the index pregnancy 
than the control mothers, though the difference was statistically not significant. 
This finding supports the view that some kind of maternal predisposition, genetic 
and/or environmental, may be responsible for this malformation. Formally, such 
predisposition may involve recessive mutant  genes, polygenes, or chronic maternal 
illness or intoxication. In our data, however, there was no indication of increased 
rate of  parental consanguinity, indicating that most of  the present cases were at- 
tributed to the causes other than rare autosomal recessive genes. No suggestion 
was given with respect to the possible role of  maternal chronic diseases or intoxi- 
cation. Although none of our cases were found to be familial, it is conceivable 
that the cases involving bilateral hands or feet and at least those involving all four 
limbs may have more or less genetic basis. Further detailed studies of  the family 

members are required. 
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