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An epidemiological study of isolated split
hand/foot in Hungary, 1975-1984

A E Czeizel, M Vitez, I Kodaj, W Lenz

Abstract
A population based and validated 10 year
cohort of 94 cases with split hand/foot
born in Hungary, 1975-1984 was eva-

luated. This type of congenital limb defi-
ciency was relatively frequently (43%)
associated with non-limb defects. Fifty-
four cases with isolated split hand/foot
are evaluated in this paper. A single limb
was affected in 78% of cases. The upper
limbs were 21 times more frequently af-
fected in unimelic cases with a right sided
predominance and male excess. Case-
control analysis indicated intrauterine
growth retardation and lower socioeco-
nomic status of parents of cases. Family
study showed six familial cases with
autosomal dominant inheritance among
152 first and 452 second degree relatives.
All familial cases were males.
(J Med Genet 1993;30:593-6)
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Split hand/foot (SHF) is a congenital limb
deficiency of the central rays of the upper or

lower limbs or both. The following definition
of SHF was used in this study: absence of
central digits with or without absence of cen-

tral metacarpal/metatarsal bones, usually asso-

ciated with syndactyly of other digits. The so-

called 'central' rays represent the second,
third, and fourth rays which are embryologi-
cally differentiated at a different time from the
pre- and postaxial rays. The birth prevalence
of cases of SHF was 0-06 per 1000 total births
in Hungary in 1975 to 1984.' This rate is in
agreement with previous2 and recent publica-
tions.3
Three kinds of differentiation were per-

formed in cases of SHF. First, SHF was separ-
ated into isolated (SFH without non-limb de-
fect) and multiple (SHF associated with non-

limb defect) categories.4 Second, typical and
atypical SHF were differentiated in isolated
cases.5 Typical cases were in general multime-
lic, that is, more than one limb was involved,
and frequently familial. Atypical cases were

unimelic and sporadic and, in addition, the
remaining marginal rays were always hypo-
plastic and the cleft may have had rudimentary
digits. Third, there are two main subtypes of
typical isolated SHF.2 (1) Lobster claw is char-
acterised by a cone shaped cleft tapering proxi-
mally and dividing the hand/foot into two
parts which can be opposed like lobster claws.
In the mildest forms the third finger or toe is
absent but the corresponding metacarpal/
metatarsal bone is almost normal. (2) Mono-
dactyly is characterised by deficiency of the

central and radial-tibial axes, that is, digits 1 to
4, such that there is no cleft formation and only
one digit, usually the fifth, is present.6

In this paper the findings of a case-control
epidemiological study on a population based
and validated 10 year cohort (derived from
1 575 904 births) of 54 cases with isolated SHF
are presented. The data concerning multiple
SHF cases will be published in another paper.7

Materials and methods
Cases were selected from the Hungarian Con-
genital Abnormality Registry8 and three other
sources: records of paediatric orthopaedic sur-
geries where cases with congenital limb defi-
ciencies are treated in Hungary, genetic
counselling clinics, and the financial support
services for the families of handicapped chil-
dren. The total number of cases with SHF was
94. Patients were examined in our Department
or at their home and the epidemiological data
were obtained by questionnaire at a family
interview. Of 54 cases with isolated SHF, 49
(90 7%) were examined personally. Detailed
medical documents (for example, necropsy re-
ports) were evaluated for five additional cases
(including one stillbirth). Two cases (3 7%)
with unimelic SHF could not be contacted
because their new addresses were unknown, so
epidemiological and familial data were not
available. Of 52 mothers and fathers and 48
sibs, 49 (94-2%), 48 (92-3%), and 44 (91.7%),
respectively, were examined, while the re-
mainder and 452 second degree (grandparents,
uncles, and aunts) and 263 third degree (first
cousins) relatives were evaluated on the basis
of information obtained at the family interview
and available medical documents.

Controls were selected from the records of
the Birth Registry of the Central Statistical
Office and matched by sex, year of birth, and
place of residence of the family of cases. Con-
trols were visited at home by the regional
social nurses and the questionnaire was com-
pleted by the mothers using the same method
as for cases. Each case had two controls in
order to prevent the loss of cases owing to non-
participation of control families. If the first
control did not cooperate, the second (13%)
was visited.

x2, Fisher exact, and U tests, and multivar-
iate analyses9 were used to test the statistical
significance of the study variables. Three cat-
egories of education (<7, 8-11, and _ 12
school grades) and two categories of pregnancy
(wanted, unwanted) were differentiated as
confounders.
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Demographic and reproductive factors in the case and control groups.

Cases ControlsFactors (n= 52) (n= 52) p

Demographic
Birth weight: (g) (mean [SD]) 3000 [543] 3359 [491] <0-005Low birth weight: 2500g (%) 15 4 3 8 <0 01Gestational age: week (mean [SD]) 39-1 [1 6] 39-6 [1 6] >0-05Maternal age: year (mean [SD]) 25-3 [5 2] 25 8 [4-4] > 0 05Birth order (mean [SD]) 1 85 [1-09] 1-69 [0 9] > 0 05Maternal education: No of school grades (mean [SD]) 11 0 [3 0] 12 5 [2 8] <0 01Employment of mothers (No, %)

Professional 7 13 5 15 28 8Clerk 7 13 5 8 15 4Skilled 21 40 4 23 44 2Semiskilled 9 17 3 1 1.9 <001Unskilled 1 1.9 2 38 |
Housewife 7 13 5 3 58 1Paternal age: year (mean [SD]) 27 8 [5-3] 28 0 [5 3] > 0-05Paternal education: No of school grades (mean [SD]) 11 7 [2.6] 12 9 [2 9] < 0 05Reproduction

Unmarried (No, %) 11 21 2 5 9 6 >0 05Unwanted pregnancies (No, %) 13 25 0 8 15 4 >0 05Infertility problem (No, %) 3 5 7 1 1.9 >0 05

Results
MORPHOLOGY
Of 54 isolated SHF cases, one limb was
affected in 42 (77 8%) cases. Upper limb
predominance was obvious (40:2). Of 40
unimelic cases with upper limb involvement,
in seven cases only the fingers were affected,
while in 33 cases the metacarpals and fingers
were affected. Two cases with unimelic upper
limb involvement had monodactyly, one male
with definite monodactyly and one female with
probable monodactyly. There was a right
sided (25:15) and male (27:13) excess. Two
unimelic boys with lower limb involvement
had their left sides affected. Of 54 isolated and
42 unimelic SHF cases, 33 (61 1% and 78-6%)
had an atypical manifestation. One boy had left
lower limb involvement, while all other atypi-
cal cases had an upper limb defect. The ratio of
right to left and male to female was 17:15 and
19:13, respectively, in atypical upper limb
SHF cases. Girls with unimelic upper limb
involvement had only atypical SHF. Of 29
unimelic boys, nine (31 0%) had typical SHF.
One boy had left lower limb involvement,
while there was right side predominance in the
upper limb (7:1). Two limbs were affected
with typical SHF in eight (14 8%) cases (meta-
carpal-metacarpal in five boys; metatarsal-
metatarsal in one boy; toes-toes in one girl;
metatarsal-toes in one boy). Thus, bilateral
instead of ipsilateral manifestation is charac-
teristic. The male excess of affected upper
limbs is also obvious. One boy (18%) had
involvement of three limbs: left hand (absence
of 3rd finger) and both feet (absence of toes 3-
4). All limbs were affected with typical SHF in
three girls (5 6%). Of 21 typical SHF cases, 12
(57 1%) were multimelic and 18 (85-7%) oc-
curred in boys. All the 14 cases with typical
SHF restricted to upper limbs were male.

DEMOGRAPHIC FINDINGS AND REPRODUCTION
Epidemiological data were available in 52 cases
and controls (table). A lower mean birth
weight and a higher rate of low birth weight
were seen in the cases. The gestational age was
shorter in the cases than in the control group,

but not significantly so. Thus, the lower birth
weight can be explained mainly by intrauterine
growth retardation.
There was no significant difference in the

birth order or maternal or paternal ages
between the case and control groups. The
years of completed school grades were fewer in
the mothers and fathers of cases and the em-

ployment status of the mothers of cases was in
agreement with their lower level of education.
There was no significant difference in the

reproductive variables between the case and
control groups.

TERATOGENIC AND MATERNAL FACTORS
The exposure to potential teratogens (physical
trauma: 3 v 1; serious psychosocial stress: 4 v

5; diagnostic x ray involvement of the abdom-
inal or pelvic region or both: 0 v 1; radiother-
apy: 1 v 0) in the pregnancies of case and
control mothers were not significantly dif-
ferent. Of 52 case and control mothers, 34
(65 3%) and 32 (59 6%) took medication.
Occupational (radiation, chemical, infection,
etc) hazards did not show any significant dif-
ference for the 36 case and 37 control mothers
who worked during pregnancy.
The number of females who smoked during

pregnancy (18 v 9) was higher in the case
group than in the control group, particularly
for heavy smokers (8 v 0). However, once
adjustment was made for the educational level
of the mothers and the proportion of unwanted
pregnancies, these differences were not signi-
ficant. There was a higher rate of alcohol
intake in the control group (3 v 10).
The total rate of acute maternal disorders

during pregnancy was significantly higher
in the case group (20:38 5% v 4:7 7%)
(p = 0 0004) because of acute infections of the
respiratory system, mainly influenza (13 v 3)
(Fisher p = 0008). The occurrence of
influenza in the first, second, and third trimes-
ters of pregnancy was 5:2, 6:1, and 2:0, re-
spectively. Thus, the majority of attacks of
influenza occurred after the critical period for
SHF.
There was no significant difference
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Figure 1 Pedigrees offamilial cases.

between the case and control groups, in the
frequency of different chronic maternal dis-
orders.

FAMILY STUDY
Of 52 cases, four had affected first degree
relatives (fig 1). In two families two brothers
were affected, but only one family had both
brothers as index cases. All familial cases were

male. There were 3 9% of parents affected (4/
104) and 7 7% of both parents (4/52), com-

pared to 6-3% of sibs (3/48).
One case, a boy (20/1977), had an absent

right third finger probably with some fusion of
fingers 3 and 4. His mother had pronounced
camptodactyly of fingers 4 and 5 and partial
syndactyly between fingers 2 and 3 as well as 4
and 5 in the right hand. The sister of the
mother had absence of fingers and metacarpals
3-5 with camptodactyly and hypoplastic pha-
langes of the second finger on her right hand.
The feet and the left hand were not involved in
the three affected members of this family.
Another case, also a boy (21/1977), had bila-
teral split feet, absence of toes 2 to 3 on the
right and absence of the second toe and partial
absence of the third toe on the left while his
brother had a nearly identical SHF and his
father had a similar SHF comprising absence
or severe hypoplasia of the middle and termi-
nal phalanges of toes 2 to 5 with syndactyly on

both sides. The paternal grandparents were

stated to be unaffected; however, one brother
and a maternal male cousin of the father had a

Figure 2 Radiograph of right hand of case 100/1979.

similar SHF in their feet. Two brothers (100/
1979 and 20/1981) had a nearly identical right
unimelic SHF (fig 2); their father had severe
hypoplasia of the right third finger which was
later removed. The maternal grandparents
were not affected.

It is worth mentioning that the previously
described three girls with four affected limbs,
and the one boy with three affected limbs, had
no positive family history. However, we can-
not exclude the possibility that these cases
were the consequence of a new mutation, or
they may have had a non-penetrant parent.
SHF occurred in the second degree relatives

of four cases (fig 1); however, two second
degree relatives belonged to the previously
described families (20/1977 and 21/1977). The
fifth familial case occurred in the uncle of a
case (43/1978) with a defect of the third ray in
both hands. The maternal uncle had a unila-
teral left split hand. No radiological defect
could be detected in the mother of this case. In
the sixth familial case (35/1979), the boy had a
SHF of the left hand and both feet. His pater-
nal uncle was affected with bilateral split feet
(partial absence of toes 2 and 3 with syndactyly
between toes 3 and 4). His maternal uncle was
reported to have four fingers only in both
hands but a personal examination could not be
carried out. The mother and father of this case
have no SHF but both are deaf. This case is
also affected with deafness, thus the co-occur-
rence of congenital deafness and split hand and
foot syndrome cannot be excluded. Of 263
cousins, none had SHF. Thus, of 52 cases, six
(11-5%) were familial taking into considera-
tion four cases with 'regular' dominant and
two cases with 'irregular' dominant inherit-
ance.

In evaluating occurrence in sibs, the out-
comes of previous and subsequent pregnancies
may be important if there is prenatal loss of
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affected fetuses. However, a higher rate of fetal
death (ectopic pregnancy, miscarriages, still-
birth) was not found in the case group. The
lower number of subsequent pregnancies of
case mothers is noteworthy (10 v 42) and may
indicate a negative effect of SHF on future
family planning.
The rate of other congenital abnormalities

(4-6%) in the first degree relatives of cases
corresponds well with the expected figure
based on the recorded Hungarian data (about
4%). However, this figure was distorted by a
familial aggregation of patella aplasia in three
members of the same family.
Of 52 parents of cases, consanguinity was

mentioned in two cases. One case was reported
to be the consequence of incest (father-
daughter union). Another case with four affec-
ted limbs was the product of a second cousin
marriage.

Discussion
This Hungarian material represents the first
study on isolated SHF cases in a validated and
population based data set. The main morpho-
logical characteristics of SHF are as follow.
(1) SHF is seen relatively frequently with

non-limb defects. Of 94 cases, 40 (42 6%)
were multiple. Thus, the ratio of isolated
and multiple cases is 1:0.74.

(2) About 78% of isolated SHF cases were
unimelic.

(3) SHF occurs more frequently in the upper
limb. The ratio of upper to lower limbs
was 21:1 in unimelic cases.

(4) About 61% of all cases were atypical SHF.
(5) There was a right sided predominance in

cases with typical SHF, while the side
involvement seemed to be random in
atypical cases.

(6) There was a male excess in cases with
involvement of one or two limbs and all
cases with typical SHF restricted to upper
limbs were male, while three cases involv-
ing four limbs were female. All girls with
unimelic manifestation had atypical SHF.

(7) Monodactyly of the hand occurred in one
or two cases.

First, the familial nature of several cases of
isolated SHF with autosomal dominant in-
heritance should be mentioned. Of six familial
cases, however, two apparently had a non-
penetrant parent and four other maternal
grandparents were presumably carriers (fig 1).
This phenomenon and different expression of
the same gene is well known in the SHF.2 The
multimelic cases included a higher rate of
familial cases compared with unimelic cases (3/
12 = 25% v 3/40 = 7-5%); however, autosomal
dominant inheritance may also occur in typical
unimelic cases. Thus, morphological classifi-

cation is not a great help from the aetiological
aspect. Another important point is the male
excess, especially in familial (100%) cases (fig
1). This cannot be explained by prenatal selec-
tion because SHF is not lethal and the fetal
death rate was not higher in the previous and
subsequent pregnancies of their mothers.
Ahmad et al"' reported a Pakistani kindred in
which 36 members in seven generations had
SHF. The full expression of SHF was present
in 33 males and three females. Other females
showed a distinctly milder expression of SHF.
The distribution of affected members in the
pedigree was considered to be compatible with
X linked inheritance. Hemizygous males and
presumably homozygous females exhibit typi-
cal SHF, whereas only some of the obligatory
heterozygous females show the milder expres-
sion. However, in our study father to son
transmission occurred in two families. A dis-
turbed segregation ratio found in the families
of SHF cases has been explained by germinal
selection, gonadal mosaicism, premutation of
an autosomal dominant gene, or cosegregation
of an epistatic gene linked to the gene for
SHF. 1 ' 12

Familial cases, however, represent only a
proportion of isolated SHF cases. The spora-
dic and unimelic manifestation with nearly
exclusive involvement of the upper limbs, the
intrauterine growth retardation, and the lower
socioeconomic status of the parents seem to be
characteristic of the remaining cases, mainly
atypical SHF. Some of these findings are in
agreement with the vascular disruption
hypothesis. 13
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