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ABSTRACT A family with isolated, autosomal domi-
nant syndactyly of the hands is presented. 40 persons
from 5 generations are included in the study. Morpho-
logical and dermatoglyphic investigations were carried
out on 10 probands, only 1 of whom showed solely the
characteristic changes of the dermatoglyphics. Syndac-
tyly of the fingers 3-5 occured with reduced penetrance
and variable expressivity. 8 persons exhibited bilateral
0sseous or cutaneous changes. Analysis of the pattern
on fingertips revealed an increased number of whorlsin
probands in comparison to their relatives and the middle-
european population (65.6 % :28.6 % :25.4%). A paral-
lel course of ridges without pattern formation was ob-
served on 5 fingers of 4 probands. The c-triradius was
absent in 14 hands of 9 persons, fusions bc were found in
3 hands and fusions cd in 8 hands. In 3 cases the C-line
was reduced. The number of palmar interdigital patterns
was reduced in probands. The ridge structure was aber-
rant in the regions of syndactyly in 8 of 9 probands. A
chromosome rearrangement was excluded as the cause
of the syndactyly. An assignment to Syndactyly la, Il
and |11 was excluded by the molecular investigations. A
morphologic correspondence to Type | seems obvious.

INTRODUCTION

Syndactyly is a specific type of extremity
malformation, a developmental abnormality
caused by the inhibition of the transversal
differentiation of the extremity budinthe 6" to 7*"
week of pregnancy. Exogeneous syndactyly is
caused by mechanical influences during
embryogenesis.

Endogeneous syndactyly can either be a
symptom of asyndrome, such as Apert- or Oculo-
Dento-Digital-Syndrome, or of an isolated
malformation. Asthelatter it has afrequency of
1:2000 inthe population (de Smet et al. 1994).

Three types and one subtype of syndactyly
which show the best correspondenceto thefamily
whom we investigated are described in detail.

1. Syndactyly Type | or Zygodactyly (MIM
#185900)

It is the most frequent type. Temtamy and

McKusick describeinvestigations carried out on
169 males and 142 females and on 32 pedigrees
(1978).

Morphology: Mainly the 3 and 4" fingers
and the 2™ and 3“ toes are involved; in some
casesthe 5" finger and the 4" toe can be affected,
also. This type of syndrome shows high
variability of symptomsand canincludethenails
or be restricted to the basic phalanges. The
syndactyly can be cutaneous or osseous. It may
be restricted to hands or feet. The feet are
involved four times more frequently than the
hands and about 50 % of the patients show a
bilateral involvement (Lenz and Majewski 1981,
Winter et al. 1993).

2. Typel a- Syndactyly Type Lueken. Subgroup
of Zygodactyly.

In 1938 L ueken presented 5 generations of a
family with 29 female and 18 mal e probands.
Morphology: They showed variable syndactyly
of the fingers 2-5. The second and third toes
weremainly involved.

Genetics: Type | and la are inherited in an
autosomal-dominant manner with variable
expressivity and reduced penetrance. Men are
carriers as often asfemales.

Bosse et al. (2000) reinvestigated Type la and
localized the responsabl e gene on chromosome
2034-g36.

3. Synpolydactyly Type || (MIM#18600)

The cases of 16 families were published.
Thomsen (1928) investigated the largest family
with 31 male and 11 female carriers in 7
generations.

Morphology: The 3 and 4" fingers are often
completely fused, including synostosis.
Duplications of these fingers are frequently
observed. The 5" finger is sometimes included;
additionally, contractions and clinodactyly can
occur. In 50 % of the cases the 4" and 5" toes
show complete syndactyly. The 5" toe
additionally may have partial and complete
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polydactyly (Temtamy and McKusick 1978; Lenz
and Majewski 1981; Winter et al. 1993).
Genetics: Autosomal-dominant inheritance and
variable expressivity. Some families exhibited
reduced penetrance. The phenotype is caused
by amutation of the HOXD-13 gene, localized in
2031. A 27 bp duplication occurs in the region
coding for polyalanine. The expressivity of the
disorder is about 97 % (Akarsu et al. 1996;
McKusick 1998).

4. Syndactyly of fingers 4 and 5, Type Il
(MIM#186100)

This type was observed in 4 families, the
largest with 7 men and 7 womenin 5 generations.

Morphology: The 4" and the 5" fingers are
involved, the middle phalanx of the 5" finger is
reduced or missing. In cases of complete
syndactyly, the 4" finger shows contractions.
Thenailscan befused aswell asthe end-phalanx.
The toes do not exhibit syndactyly (Temtamy
and McKusick 1978; Lenz and Majewski 1981,
de Smet 1994).

Genetics: Themutation followsan autosomal -
dominant inheritance with compl ete penetrance
indl but onefamily. Thegeneislocaizedin 6922-
023, the region of the Oculo-Dento-Digital-
Syndrome (Gladwin et al. 1997; Boyadjiev et al.
1999).

FAMILY INVESTIGATED

In this paper we present a family with an
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autosomal-dominant syndactyly of the hands
(Fig.1). Clinical, cytogenetic and molecular
investigationswere carried out. Special emphasis
was placed on the analysis of the dermato-

glyphics.
INVESTGATION METHODS

Clinical Examinations: Hands and feet of the
probands were investigated and photographs
taken, X-ray-picturesand operation reportswere
included inthe analysis of symptoms (Fig. 2).

8 of 10 persons were bilaterally affected
(5 11:8; 1V:11; 1V:12; 1V:17; V:6; V:8; V:10) and
2 only unilaterally (1V:7; 1V:10) (including one
proband (1V:10) with microsymptomswhoisnot
taken into consideration in the following
description).

In 7 of 9 probandsthere are 3fingersinvolved
(I1:5; 1V:11; 1V:12; IV:17; V:6; V:8; V:10) and 2
persons have two phalanges affected, namely
the39and 4" finger (111:8; 1V:7). In5 casesthere
wereosseousfusions(l11:5; IV:11; 1V:12; 1V:17;
V:10) and in 4 casestherewere cutaneousfusions
(I11:8; IV:7;V:6; V:8).

7 of 9 probands have a complete syndactyly
(11:5; 1vV:11; 1V:12; 1V:17; V:6; V:10), one person
has only fusions of the proximal phalanx (111:8)
and ancther proband hasthe proximal and middle
phalanx included (1V:7).

Dermatoglyphics: Prints from fingers and
palmsweretaken by the graphite-cling- and film-
method. The analyses were performed accord-
ingto Cumminsand Midlo (1961) and Schaumann
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Fig. 1. Family with dominant inheritance of isolated syndactyly of the hands in 5 generations
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Fig. 2a

Fig. 2b

Fig. 2c

Fig. 2. Proband 1V:17: a) X-ray preoperative (1974)
b) preoperative (1974)
c) postoperative (2000)
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and Alter (1976).

Chromosome Diagnostics: In onetest person
(IV/17) achromosome analysiswas performed to
excludeabalanced rearrangement in carriersasa
cause of syndactyly. A lymphocyte culture was
set up and chromosomes were analysed after
GTG-banding.

Moleculargenetic Investigations: Micro-
satellite investigations were performed for
regions 2g34-q36, 2031 and 6q22-g23 which show
mutations in syndactyly type la to Ill. These
investigations proved that there was no linkage
between the trades examined here and the above
metioned chromosome regions.

RESULTS
Family investigation

It was possibleto obtain datafrom 40 persons
out of 5 generations, 12 of whom were affected (7
men and 5 women; Fig. 1). In all cases the
syndactyly was restricted to the hands and
showed asignificant variability of symptomsthat
was sex-independent. Therewas no progression
in the severity of the expression of clinical
syndactyly from generation to generation. The
inheritance of the syndactyly was thus
autosomal-dominant with variable expressivity.
There were no additional teratogenic agents
involved in the pregnancies.

Personal investigationswere performed on 10
carriersand 8 healthy first-degreerelativesfrom
3 generations (pedigree, Fig. 1, generations 111,
IV,V)

Dermatoglyphics

Intheinvestigated family the dermatoglyphics
of 16 persons were analysed; 7 of these were
non-affected relatives of the probands. Seven
probandswere severely affected; 5 of them (111:5,
IV:11, 1V:12, 1V;17;V:6) were investigated
postoperatively and one proband (V:8)
preoperatively. Three further probands show-
ed a very mild expression of the syndrome,
making an operation unnecessary (I11:8, 1V:7,
[V:10).

Patterns on the Fingertips

The patterns of 6 probandsand 7 non-affected
relatives were analysed.

Two probands (1V:12, V:8) did not have a
pattern on the fourth finger of the left hand and
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one did not have one on the fourth finger of the
right hand. Proband IV:17 showed a pattern-free
area on both 4™ fingers. The abnormality is
caused by the syndactyly.

The pattern-analysis on thefingertips showed
alarge number of whorlsin the probands (65.6
%); the non-affected relatives and the average
population have this pattern in 28.6 % and 25.4
%, respectively. The probands had a frequency
of 21.1 % ulnar loopswhiletheir relatives showed
67.1 % and the general population recorded 69.7
% ulnar loops respectively.

Radial loops showed up more frequently in
the probands (7.8 %) than in the relatives and
the average of the population (Table 1).

Thebimanual differenceswere not significant
among the probands, their relatives and the
general population.

A comparison of the Total Finger Ridge Count
(TFRC) of the probands (average: females=172;
males=178) with that of their relatives (average:
females=149; males= 152) revea sthat theindex
group had ahigher TFRC than therelatives, due
to the higher frequency of whorls.

Sex-specific differences occured in both
groups: men had a higher average value than
women.

Formulation of Configurational Areas

Hypothenar, thenar and interdigital areasl| to
IV of 9 probands and 7 non-affected relatives
were analysed: three of the probands show a
|oop-pattern on the hypothenar on onehand (111:5,
I11:8 and 1V:12) while V:8 has an ulnar loop on
both hands. The pattern-frequency in the hands
of the probands was 28.0 %. In the relatives it
was 21.0 % and in the general population 32.9 %
(Cumminsand Midlo 1961).

The thenar was always patternless in the

Table 1: Pattern frequency of the fingertips in the
affected probands, their relatives and the
average of the population (n= 5000 (Cummins
und Midlo 1961))

W L L

Probands 65.6 % 21.1 % 7.8 %
(TL 6.0 %)

Relatives 28.6 % 67.1 % 4.3 %
(TL 5.7 %)

Average

population 25.4 % 69.7 % 57 %
(TL 3.1 %)

(W = whorl; L" = ulnar loop; L™ = radial loop, TL =
twinloop)
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proband group (0 %). One of the relatives (V:7)
had a proximal loop and a vestige (7.0 %). By
contrast, 17.0 % of the general popul ation show
apattern on the thenar (Schade 1954).

Theinterdigital areall was patternlessin all
probands (0 %). Onerelative had distal loopson
both hands (14.0 %). According to Schade, 6.0
% of the average population showed patterns
(1954).

Two probands had digital loops in the
interdigital arealll on one hand (11.0 %). 1V:7
and V:6 showed a vestige bilaterally, 1V:11
unilaterally. 4 relatives had bilateral patternsin
this region of the palm (7 distal loops and one
vestige). The pattern-frequency was 11.0 % for
probands, 50.0 % for relativesand 53.6 % for the
general population (Cumminsand Midlo 1961).
Vestiges were not counted as patterns.

Only proband V:8 showed a pattern in the
interdigital area |V; she had a distal loop on the
right hand. The relatives showed 5 distal loops
on both hands in addition to one vestige. The
pattern-frequency of the probandswas 5.5 % as
compared to 71.4 % among therelativesand 55.8
% inthe general population (Cumminsand Midlo
1961).

We found that the probands had a lower
pattern-frequency than their relatives, especially
intheinterdigita areas!ll and 1V, themainregions
of alterations caused by the syndactyly. The
degree of severity of the syndactyly did not
influence this distribution.

Analysis of the Digital Triradii

Theformation and position of thetriradii a-d
were examined. Probands and rel atives possesed
awell-expressedtriradius‘a@ in central proximal
position of the second finger on both hands.
The second finger was not involved in the
syndactyly in any of the probands. In 7 cases
two of thetriradii b, c and d were fused and they
wereshifted into theinterdigital area. Onefusion
bc and 6 fusions cd were found. In three cases
the digital triradius was displaced into the
interdigital space. Despiteadigital triradiusd an
interdigital triradius cd was found.

The average number of triradii in probands
was 2.4 on the left hand and 2.7 on the right
hand. All relatives showed the normal number
of 4 triradii (a, b, c, d). One proband (111:8)
and 3 relatives (111:7, 1V:9, 1V:14) showed
additional triradii &, ab’, bc’ and cd’; they
were caused by the patterns of the interdigital
aress.

Position of the Axial Triradii and size of the
atd-angle

In the probands it was possible to analyse
the atd-angle in only 4 of 18 hands, as the
triradiusd wasmissing in all the others. The atd-
angle of the probands was between 31° and 54°,
which is the same rage as in the average
population. Additional triradii were found in 2
probands and 2 relatives, the maximum being 2
triradii intheaxid part of thepalm. The additional
triradii appeared in combination with a pattern
on the hypothenar and in proband V:7 on the
thenar.

|dentification of the Main Lines on the Palms

Dueto the missing d-triradius, 72.0 % of the
patients showed aloss of the D-line. None of the
probands had a D-line on the left hand and, on
the right hand it was missing in 5 of 9 persons.
The C-lines were missing in 78.0 %, with both
handsequally affected. Thelinewasrudimentary
in 3 cases.

The B-line was missing in 50.0 %. When
present it was equally frequent on both hands.

TheA-linewasnormal inall patients.

The relatives did not show any missing or
rudimentary main-lines(Table2).

Comparison of the Fingers Affected by the
Syndactyly and the Development of the Main
Lines of the Patients.

The findings showed that the alteration of
the main lines did not occur only under those
fingers which were involved in the syndactyly.
They were also a phenotypic expression of the
hereditary disease. Patient 111:8 showed this
phenomenon on the right hand and patient 1V:7
on both hands. The dermatoglyphic changes
thus were not exclusively aresult of the fusions
of fingers.

The end areas of the main lines were
comparable only for the A-line. 78.0 % of the
patients' lines terminate in the areas 4 and 5 as
comparedto 71.0 % of therelatives' lines. Thisis
known to be the characteristic diagonal course
of themiddle-european popul ation (Cumminsand
Midlo 1961).

Ridge Formation

Thestructure of theridges showed alterations
in the probandsin the distal parts of the palmae.
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Table 2: The ending areas of the main lines on the palms of the probands and their relatives (X =

rudimentory main line)

D-line C-line B-line A-line D-line C-line B-line  A-line

Probands Left hand Right hand

[1:5 - - - 2 - - - 5"
[1:8 - - - 4 11 9 7 5"
IV:7 - X 5" 4 11 - - 5"
IV:10 - X 5 3 9 X 5’ 4
IV:11 - - - 3 11 - - 5’
IV:12 - - - 2 - - 5" 5"
IV:17 - - 5" 5" - - 5" 5"
V:6 - - 5" 5 - - 5" 5’
V:8 - - - 5’ 11 - - 5"
Relative Left hand Right hand

[1:6 9 5 5 3 9 7 5’ 4
"7 7 9 5" 5 11 11 7 11
IV:8 7 5" 5" 4 7 7 5" 5
IV:9 11 9 7 5" 11 9 7 11
IV:14 7 9 5’ 5" 11 9 7 5’
IV:15 9 9 5 L' 11 9 7 4
V7 7 5" 5" 5 7 7 5" 5’

The distance between them was partially
increasedin 6 patients (111:5, IV:7,1V:11, 1V:12,
V:6, V:10). Patient V:6 exhibited a meandering
course of theridgesand probands|V:10and V:6
had an increased number of minutiae. The
diameter of the ridges varied in 2 cases (1V:11,
IV:17). Two patients showed a disruption of the
ridges(l11:5, 1V:12). None of these aterationswas
observed in the non-affected relatives.

The course of the palmar flexion creaseswas
normal in the probands.

ChromosomeFindings

The proband 1V:17 showed a normal female
karyotype (46,X X,GTG,400-450 bands/genome).
Thus a balanced translocation or inversion was
excluded as the cause of the syndactyly in the
family.

Molecular I nvestigations

Investigations were performed by micro-
satellite-fragment analysis. There was no
evidence of linkage for the marker on chromo-
some 2g34-g36 (Typela), 2931 (Typell) and 6¢22-
g23 (Type Il1). Further investigations are
intended.

DISCUSSION

In 1923 Cumminsand Midlo pointed out that
clinical investigations in patients with zygo-

dactyly remain incomplete or may lead to false
conclusions if only cutaneous or osseous
changes on fingers and toes of probands are
considered assymptomsfor carrier determination.
Alterations of the dermatoglyphics must always
be taken into consideration. Wolff-Quenot and
Clavert (1983) investigated the dermatoglyphics
in syndactyly patients and found various
aterations. Watanabe et a . (1949) found afusion
or aplasiacof digital triradii under thefused fingers
asthe main symptom of dermatoglyphic changes
in their patients.

In some carriers of the mutation the only
symptom was a reduction of aninterdigital area
and a shift of the digital triradius. In patients
with syndactyly Typel Matton et al. (1982) found
an increased reduction of the C-line.

In our study, the c-triradius was absent in 14
hands of 9 probands. In 3 hands there were
fusionsof bc andin 8 of cd. In 3 casesthe C-line
was reduced.

One carrier (1V/10) showed dermatoglyphic
changes as the only symptom of the syndrome.
Her child (V:8) had a complete syndactyly of
fingers 3-5 on both hands.

According to Matton et al. the pattern on
fingertips revealed an increase in whorls in
carriers as compared to their relatives and the
general population (1981). The same peculiarity
wasfound in our family. Thefrequency of whorls
was 65.6 % compared to 28.6 % in relatives and
25.4%inthe general population.

The fingertip ridges may show a parallel
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course without formation of pattern (Matton et
al. 1981). In the family investigated here we
observed this abnormality on 5 fingers of 4
persons.

The analysis of the palmar pattern showed a
reduced occurrence of loops and whorls in the
interdigital areas|l-1V in probands as compared
to their relatives and the general population.
Hypothenar and thenar patterns showed no
differences for the 3 groups who were
coglmpared.

The structure of the ridges showed
peculiaritiesin 8 of the 9 probandsin theregions
of the syndactyly. The distance of the ridges
varied and was significantly increased in some
cases. The ridges were interrupted, the number
of minutiae was increased and the course of
ridges appeared wavy. Comparablefindingshave
not been published by other investigators.

Embryological investigations of Matton
showed an increased bud formation in the 7t
week of development in probands with
syndactyly (1981). It is known that large buds
lead to more complex dermatoglyphic patterns.
The authors assumed a common mechanism for
the bud formation of the fingers and the
development of the syndactyly, but further
investigations are necessary to obtain detailed
insight into the differentiation mechanisms.
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