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SUMMARY Idiopathic torsion dystonia (ITD) has long been considered to be genetically determined,
but the pattern of inheritance has been unclear. It has been suggested that inheritance may differ in
Jews and non-Jews. In the present study, data gathered in a nationwide survey of ITD in Israel were
analysed. Between 1969 and 1980, 47 patients were collected, of whom 40 were of European origin.
In these European Jews, the ITD frequency was about 1:23 000 live births, which was five-fold
greater than in Jews of Afro-Asian origin. Assuming that all cases fit the same genetic model, an
X linked or a simple autosomal recessive model of inheritance did not agree well with our data.
An autosomal dominant model with low penetrance could have accounted for our observations and
would yield an ITD gene frequency in European Jews of 3 to 4: 100 000. In view of the increased ages
of their fathers, the isolated cases may have included some new mutations. Multifactorial inheritance
was also possible. However, it may be inappropriate to assume that all cases have the same genetic
basis, or even that all are inherited.

Idiopathic torsion dystonia (also known as dystonia
musculorum deformans) has long been considered
to be genetically transmitted, although a significant
proportion of subjects are isolated cases. The pattern
of inheritance has been unclear. Johnson et al,1
Larsson and Sjogren,2 and Zeman and Dyken,3 for
instance, claimed that inheritance is dominant.
Eldridge et al4-6 concluded that two types of idio-
pathic torsion dystonia (ITD) exist. In one type,
allegedly limited to Jews, limbs are affected before
axial muscles, onset occurs early in life, and the
inheritance pattern is recessive, while the other type
is seen in non-Jews, affects axial muscles first, starts
later in life, and is inherited as a dominant trait. In
1976, Eldridge and Gottlieb7 acknowledged that
non-Jews with ITD might also show a recessive form
of inheritance and Jews a dominant one. In 1979,
Eldridge and Koerber8 suggested that all Jewish
cases, in fact, had an autosomal recessive pattern,
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but quasidominance** accounted for the occurrence
of ITD in successive generations. The conclusions of
Eldridge and associates were not based on any
quantitative analysis. Moreover, their case material
may have been biased. Therefore we have reviewed
their conclusions.9
We recently conducted a nationwide study of ITD

in Israel.10 11 As the entire population was studied,
selection bias was minimal. Moreover, detailed
demographic data were available. Therefore, we
could analyse the mode of transmission of ITD in
Jews in the Israeli population with greater precision
than had been possible previously.

Methods

The method used for case finding has been described
before.10 11 In 1975, a study of torsion dystonia in the
Israeli population was started. As a first step,

**Quasidominance refers to a situation where an affected offspring
inherits one defective gene from a heterozygous (carrier) parent and
the other defective gene from a homozygous (affected) parent.
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diagnostic criteria were formulated. To be con-
sidered a firm case of torsion dystonia, a patient had
to have dystonic posturing or movement and a
progression in the abnormality at some time during
the course of illness. The perinatal history had to be
devoid of abnormalities such as asphyxia or jaundice,
and subsequent history could include no bout of
encephalitis or trauma which might have produced
dystonia. Metabolic disorders such as Wilson's
disease or calcium abnormalities had to be specifi-
cally excluded. Patients with focal or segmental
dystonia (for example, graphospasm alone) were
accepted only as a separate subgroup, as were
patients who had only torticollis. Where available
records were insufficient to establish a diagnosis,
the patient was re-examined.

Patients fulfilling the diagnostic criteria were
interviewed to establish their pedigree. We specifi-
cally asked for the dates and places of birth of
forebears, descendants, and collaterals, as well as
dates and causes of death and parental consanguinity.
We also inquired about abnormalities in posture and
movement among relatives; available relatives were
personally interviewed and examined.
The Jewish patients were divided into those whose

families originated in Europe or America and those
whose families originated in Africa or Asia. This
division corresponds, in general, to Ashkenazi and
Sephardi (or Mizrachi) ethnic groups, respectively.
One patient born in Yugoslavia and another born in
Spain, and thus included in the 'European' group in
this study, were of Sephardic ethnic origin. No
'mixed' family was ascertained.

In order to compute frequency of ITD, the number
of Israeli-born ITD patients identified in this study
was related to the number of live births in Israel
during the period corresponding to the patients'
birth. The number of live births was available from
1949 onward by birth place of parents.12

Results

In 1980, we reported 42 patients with ITD in Israel."1
Continued medical surveillance of the Israeli
population, more recent additions to the National
Neurological Disease Register, and reports from
physicians enabled us to find an additional seven
cases. However, on follow-up, one patient developed
seizures and a CT scan revealed unilateral ventricular
enlargement, and another became psychotic. These
two were excluded from the present study, leaving 47
cases.
The year of onset of ITD in these 47 ranged from

1933 to 1974. There were nine patients with onset
between 1933 and 1950, an average of 0 5 new case
per year. Four of these nine belonged to families

with several cases and were identified from interviews
with probands. There were 38 patients with onset
from 1951 to 1975, an average of I -5 new cases per
year. Patients with onset in the earlier period were,
of necessity, older when ascertained and more
likely to have died before the survey period.
Among the 47 patients, one was a female Druze

Arab. Non-Jews constitute about 14% of the Israeli
population. Six patients were Jews of Afro-Asian
origin while half the population of Israel is composed
of Afro-Asian Jews. Forty patients were Jews with
European forebears though less than half of Israel's
population is of European Jewish ancestry. The
concentration of ITD among European Jews,
regardless of whether they were born in Europe or
Israel, favours genetic transmission of the disorder
even though many patients seemed to be 'isolated'
cases. Complete pedigree data were obtained on 41
of the 47 cases (36 of the 40 of European origin).
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There were four families, all of European origin,
with more than one affected subject, hereafter
referred to as 'familial cases' (figure, families A-D).
These families accounted for 14 cases of lTD.

FREQUENCY OF THE DISEASE
Nineteen of the 47 patients were born in Israel.
Since data on live births were available only from
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1949, seven of these patients born before 1949 could
not be used to calculate incidence. Only one patient
in our series was born after 1959. The median age of
onset in our series was 12 years. Therefore, persons
born in recent years who bear the trait would not be
expected to manifest it until they are older. Conse-
quently, frequency of ITD was calculated only for
the period 1949 to 1959 and was based on the two
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FIGURE Simplified pedigrees oflTD Jamilies.
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patients of Afro-Asian origin and the nine patients

of European origin born during this interval.
The frequency of ITD in Israel between 1949 and

1959 (table 1), based on 11 Israeli-born patients, was

1:41 379 live births. For those of Afro-Asian origin

born in this period the frequency was 1 :116 980 live
births, while those of European origin had a

frequency five times higher, 1:23 201 live births.
Eight of the nine European cases had a father born in
Eastern Europe (Russia, Poland, Rumania), and the
frequency of ITD was 8:117 624 estimated births to

fathers born in Eastern Europe or 1 :14 703 estimated
live births. These data on frequency of ITD in
Israel permit the testing of various models of inheri-
tance among patients of European origin. In the
Afro-Asian group, the frequency was much lower
and the small number of cases available made
genetic analysis difficult. The following analyses
were made, assuming ITD had the same mode of
inheritance in all cases of European origin.

X LINKED INHERITANCE

Since the number of affected females was not
statistically different from the number of affected
males (15 and 25 respectively) and a male transmitted
the disease to his sons in family A (figure), X linked
inheritance could not be the mode of inheritance in
all cases.

AUTOSOMAL RECESSIVE INHERITANCE

If ITD among Jews were recessively inherited, the
gene frequency would equal the square root of the
observed frequency of the disease in the popula-
tion*. 13 Accordingly, the gene frequency q would
be 1:342 (0-0029) in Afro-Asians, 1:152 (0.0066) in
Europeans, and 1:121 (0.0083) in those with East
European forebears.

In a recessive disorder, 250% of the offspring of

*This follows fronm the Hardy Weinberg formula: for random mating,
if p is the frequency of a dominant gene, and q that of the recessive

gene, the frequency of dominant homozygotes in the population is

p2, that of recessive homozygotes is q2, and that of heterozygotes
is 2pq.

1 ABLE 1 Frequency of ITD by birthplace of mother in
the Jewish population bor n in Isr ael (1949-1959).

Origii of mnother Lire births No of Frequency of disease per
1949-1959 affected 106 lire I:tire

births births

All origins 455 172 11 24-2 1:41 379
European* 208 807 9 43-1 1:23 201
Afro-Asiant 233 961 2 8-6 1:116 980

*Includes mothers born in Europe or America, or in Israel with

father born in Europe, Anmerica, or Israel.
+Includes mothers born in Africa or Asia, or in Israel with father

born in Africa or Asia
+Previously we reported 10 ITD cases born in Israel in 1949-1959,11
but one of these cases was subsequently considered questionable and

has been excluded in this paper.

heterozygous parents who both carry the trait would
be expected to show the disease. Not counting the

affected proband in the sibship, there were 68 sibs
with normal parents (of whom 59 were older than 20
by 1980). None of these sibs was affected, whereas ,

or 17, would be expected (14.75 if only those over 20
are considered). The differences between the zero

observed and the 17 (or even 14.75) expected is
highly significant. Thus, this test of the recessive
model fails to support it. It must be recalled, how-
ever, that we have identified these families through
the affected sib, rather than through the supposedly
heterozygous parents. Correcting for the bias of
ascertainment (Apert's method13), the expected
number of affected sibs predicted by the recessive
model is nine, which is still significantly different
(p00001) from the zero observed (table 2).

In a recessively inherited rare disorder, if there
were no selection, the probability of a parent or an

offspring of a patient being affected is approximately
the gene frequency q, for an aunt or uncle it is lq,
and for first cousins it is Iq. The expected number of
affected parents or offspring (Ne) is the product of
this probability and the total number of blood
relatives. Table 3 shows that the expected number
(Ne) of affected parents, offspring, aunts and uncles,
and cousins is much smaller than the observed
number, N0. To fit a recessive mode of inheritance,
the gene frequency would have to be considerably
higher, a most unlikely eventuality in view of the
completeness of our case finding.
Another test of the recessive model measures

parental consanguinity. For a rare disorder, a high
rate of consanguinity is predicted by a recessive
model. The expected frequency of first cousin
marriages among parents of affected subjects can be

TABLE 2 ITD amwong sibs ofprobands with ITD whose
parents were lnaffected Jews of European or igin.
Sibship No of No of No of affected* Variance of
size* sibships sibs* Observ7ed Expected No of

(No) (Ne) affected'13

1 6 6 6 6 00 0.000
2 6 12 6 6.86 0.732
3 8 24 8 10-38 2-104
4 5 20 5 7.31 2-100
5 0 0 0 0.00 0.000
6 2 12 2 3 65 1.552
7 2 14 2 4.04 1-940

Total 29 87 29 38*24 8.428
(SD -, 2-90)

*Includes the proband.
The numbers given exclude sibs who died before the age of 20 or had
not reached 20 by 1980. This exclusion did not appreciably alter the
results.
Ne - expected number under the recessive hypothesis.
N, - observed numiiber.
Ne No = 9 24- 3-19 SD.
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TABLE 3 Evaluation of (lie Irecessive m7odel ofITD:
patients with ITD by relationship to proband (Israeli Jews
of European origin).
Relationship Total No No of affected
to proband N

Observed Evpectedi
(No) (Ne)

Parents 72 2 qxN -0.47
Offspring 19 6 qxN=0 12
Ulncles and aunits 189 1 lqxN=0.62
Cousins 181 2 TqxN=0-30

Total 461 11 1.51

N- excludes those under the age of 20 by 1980 or dead before 20.
Ne - expected under an autosomal recessive niodel.
cl ITD gene freo.uency in the hyopthesis of a recessive inheritance
(1:152). In families A and D, three sibs in each were affected. The
nunmber of parents was therefore reduced from 80 to 72. Where two
cousins were affected, only the cousins of the proband were counted.

calculated if the frequency of first cousin marriages
in the population and the frequency of the recessive
allele are known*.lS Using the reported rate of
consanguinity in the Israeli European population of
about 20%14 and a gene frequency of 0 0066, the
expected proportion of affected from first cousin
marriages would be 18 %. Among the 32 parent sets
of affected subjects for whom the pedigree was
known, there was only one consanguineous set, a
cousin-cousin marriage (figure, family H). Thus, the
proportion of consanguineous sets was only 30%,
which was not significantly different from the
consanguinity rate in the general population. The
gene frequency would have to be about six times
higher than was observed to account for the con-
sanguinity rate in our cases if a recessive inheritance
model were valid for lTD.
The wide discrepancy between predictions based

on a recessive model and the observed data makes it
most difficult to accept the conclusion of Eldridge
and associates8 that ITD in European Jews is
recessive.

AUTOSOMAL DOMINANT INHERITANCE
An alternative possibility is that ITD is dominantly
inherited. Assuming complete penetrance, one
parent of each patient would be affected. In order to
eliminate possible new mutants, ascertainment of
obligatory gene carriers among forebears of the
patients can be based only on an affected parent, a
non-affected parent with at least two affected
offspring, or a non-affected parent with affected
collaterals or forebears who produced an affected
child or other progeny.

*k = c (I+ 15q) where k is the expected frequency of parental first16q+c(1-q)
cousin marriages among parents of cases, c is the frequency of first
cousin marriages in the general population, and q is the frequency of
the recessive allele.

17

These restrictions limited us to an analysis of
forebears of the ITD patients among familial cases.
An autosomal dominant model requires that 11
persons (marked by asterisks in the figure) were
obligatory gene carriers, but were asymptomatic.
Since none of the oldest generations was examined,
we limited the analysis to the first generation where a
case was observed and to the following generations.

In autosomal dominant inheritance, 50% of
offspring and of sibs of cases or of asymptomatic
carriers are at risk of being affected. In order to
eliminate possible new mutations, only the sibs of
the familial cases were considered but the offspring
of both familial and isolated cases were counted. In
all cases, only those subjects who had reached 20
years of age by 1980 were considered.
Looking at the parents, sibs, and offspring of the

cases and the asymptomatic carriers of the tested
generations, at least 27 5 persons would be expected
to show ITD according to an autosomal dominant
model, but only 14 were found. Thus, the penetrance
was only 51 %.

Variable expression of a dominant gene may be
occurring, producing 'formes frustes' of ITD
(figure). In family E tremor appeared in three
successive generations: the father of the proband
had a severe tremor of the head and hands and the
proband's two sisters had tremor of the hands, as did
one of his two daughters. In family F the mother of
the proband had blepharospasm. She died of a
myocardial infarction before she could be examined.
In family G the sister of the proband stammered
when emotionally upset. In family B and family C
stammering and tremor respectively were found as
well. Also a maternal uncle of an 'isolated' case was
reported to have died with 'scoliosis', which could
have been dystonic posture.3 If all these cases were
'formes frustes' of ITD, there would be 27 affected
subjects with an expected number of 39 5, raising
the penetrance to 68 %.
For a dominant model, the gene frequency is

approximately equal to one-half the observed
frequency of the trait in the population*, which
should in addition be corrected for penetrance. The
observed frequency of ITD was 1:22 775 live births.
Accepting 68 % penetrance, the gene frequency would
be 1:30 974 (0.00003); accepting 510%, it would be
1:23 230 (0.00004). The data in our study would be
compatible with an autosomal dominant model
where the gene frequency would be 3 to 4:100 000.

*This prediction is also based on the Hardy Weinberg formula. For
dominant inheritance, the frequency of the carriers is 2qp+p2. For a
rare disease (that is, where p is very small) the frequency of carriers is
approximately equal to 2p and the gene frequency is about half the
carrier frequency.
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Alternative hypotheses
NlULTIFACTORIAL INHERITANCE
The simple model presented above of a monogenic
autosomal dominant inheritance with low penetrance
is impossible to distinguish at present from a more
complex model such as multifactorial inheritance.
The rationale for this statement will be developed in
a future report.

MUTAT IONS
If the ITD gene has a high mutation rate, isolated
cases might represent new mutations. There were
four isolated cases born in Israel between 1949 and
1959 among 208 807 live birtlhs. The mutation rate
per gamete would be 4:(2 x 208 807) or 1:104 404
gametes. Assuming 60% penetrance, the mutation
rate would be about 1:63 000 gametes. On the other
hand, it is known that the mutation rate for most
genes increases with parental age.13 An expected
maternal and paternal age was computed for the
Israeli isolated iTD patients of European origin,
born from 1947 onwards, using census data on the
general population of Israel, data on average age of
mothers by parity of children, and information on
median age of brides and grooms.12 While the mean
observed maternal age (25 8 years) did not differ
significantly from expected (25.2 years), the mean
observed paternal age (33.8 years) was significantly
higher than expected (30. 1 years) (U and t tests:
p = 0.01). The paternal-maternal age difference
(8 years) was also significantly increased in our cases
compared to the general population (4.7 years)
(p = 0 05, t test; p 0- 07, U test). Thus, while it is
possible that some of the isolated ITD cases are
actually examples of new mutations, the rate of
mutation would have to be very high to account for
the large number of isolated cases. Moreover,
against this possibility is the non-homogeneous
ethnic distribution of ITD, that is, the relatively
greater frequency among Jews of European
(especially Eastern European) origin as compared to
Jews of Afro-Asian origin and Arabs.

PH ENOCOPIES
Some cases of 'torsion dystonia' may represent
phenocopies or even other genetic diseases.15 In
contrast to cases resulting from mutation, pheno-
copies are not genetically determined and would not
be transmitted to offspring of the affected. Therefore,
only the examination of the children of affected
subjects considered so far as 'isolated' could
distinguish between phenocopies and mutations.
Until 1982, none of the 21 children of the isolated
patients showed signs of ITD, but only seven children
had reached 20 years of age. It is still possible,
therefore, that some of the children will develop ITD.

Discussion
The present paper represents the most detailed effort
to date to identify the mode of inheritance of iTD.
By combining a thorough, population-wide search
for lTD cases with precise data on live births
available in Israel, calculation of disease frequency
achieved an accuracy which had not previously been
possible. The concentration of cases of iTD among
Jews,5 especially those with Eastern European
forebears, which was primarily suspected on the
basis of incomplete information and tentative
estimates,8 was conclusively verified in our study. in
the general Israeli population almost equal numbers
of Jews of European and of Afro-Asian origin were
available for study, and ITD was found to be
concentrated with five-fold greater frequency among
Europeans (eight-fold among Eastern Europeans).
Among Arabs, ITD was apparently uncommon.
Given accurate data on frequency, it was possible

to calculate gene frequency and test various models
of inheritance of ITD. Our material consisted of two
groups: familial cases, all of which occurred in
subjects of East European origin, and isolated cases.
The latter included ELiropean and Afro-Asian
subjects as well as a Druze Arab. We recognise the
possibility that heterogeneity or even phenocopies
may exist and appear clinically similar, if not
identical, to each other. However, for purposes of
this analysis, we assumed that all European cases
were inherited in the same way.

Since the sex ratio among the affected was not
significantly different from unity, and a father and
son were affected in one family, an X linked inheri-
tance model was rejected. The simple autosomal
recessive model for iTD, advocated in recent years
by Eldridge and associates,8 was tested in several
ways. The first and most powerful test involved a
search for affected sibs born to clinically normal
parents. A second test involved goodness-of-fit
between the frequency of affected blood relatives
observed and expected. A third test involved estima-
tion of consanguinity rate which should have been
increased among parents of affected subjects since
the trait is rare. None of these tests was consistent
with recessive inheritance for all the European
Jewish cases.
The last two tests were based on the observed

frequency in patients per million live births in israel
between the years 1949 and 1959. Among those born
in this interval, some new iTD cases may yet develop,
since not all subjects in each family had passed the
age of risk. However, one would have to postulate a
disease frequency many times higher than observed
in the present study to consider an autosomal
recessive model likely. The completeness of case
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finding in Israel makes a large underestimate of true
frequency very unlikely. incomplete case finding
could theoretically explain the paucity of affected
sibs. However, the observed number of cases in
parents, offspring, cousins, aunts, and uncles was
higher than expected in a simple recessive model, so
that incomplete case finding can be discounted as an
explanation of the small number of affected sibs.
We tried to salvage the recessive model by consi-

dering the possibility of variable expression of the
ITD gene. If blepharospasm, tremor, scoliosis, and
stammering were 'formes frustes', their inclusion
added a sib in family B and another in family C, as
well as a daughter, two sisters, and a father of a
proband in family E. A mother of a proband would
be added in family C and a sister of a proband would
be added in family G. However, the discrepancy
from expectation in the recessive model was increased,
since the number of relatives of affected, which was
already too large for recessive inheritance to be
correct, would be made still larger. Moreover,
addition of 'formes frustes' in family E resulted in
iTD in three successive generations, a most impro-
bable event in the recessive inheritance of a rare
disorder. Also, in families C and F, two successive
generations would be considered affected.
An autosomal dominant model could not be

rejected. It seemed to account well for the occurrence
of ITD in at least two of the four families with more
than two affected subjects (families A and D plus
three other families if the 'formes frustes' were
accepted as ITD). Dominant inheritance could
explain our data, assuming a low penetrance of 51 0/°
(or 68 % if 'formes frustes' were included).

Multifactorial inheritance of the ITD phenotype
requiring the presence of two or more genes could
also not be rejected. All cases are unlikely to be the
result of mutations, since the mutation rate would
have to be very high, and we would have difficulty
accounting for the concentration of cases in Jews of
European (especially East European) origin, inde-
pendent of their place of birth. However, since the
mean age of the patients' fathers was found to be
higher than the average age of fathers in the general
population, and the mutation rate is correlated with
parental age, at least some isolated cases might be
the result of mutation. Bundey et a116 17 also observed
a higher paternal age of their isolated cases of ITD
who were non-Jews.
We cannot yet exclude the possibility that not all

cases of ITD fit the same genetic model and hetero-
geneity may be present. Collection of more pedigrees
with more rigorous study of allegedly 'normal' rela-
tives will increase our understanding of the genetics
of ITD. Of course, if a biochemical abnormality were
found, it would greatly simplify the classification of

patients currently classified on clinical grounds alone.
Discovery of a biochemical marker would also
facilitate genetic linkage studies. The small number
of familial cases available in Israel and the very large
number of known genetic traits which would have to
be tested combine to make linkage studies unfeasible
at present.

Finally, a question arises as to why the disease is
more common among Ashkenazi Jews than in other
populations. An unusually high penetrance is un-
likely since our figures of penetrance are similar to
those of Zeman and Dyken for non-Jews.3 Assuminig
all sporadic cases were new mutations, the mutation
rate in European Jews would be 1:104 000 to
1:63 000 gametes, which is much higher than the
mutation rate of 1 :3 000 000 to 1:500 000 calculated
by Zeman and Dyken3 and based on non-Jews plus
one Jewish family. But both their values and ours are
too crude for definitive conclusions to be drawn.
Moreover, if a higher mutation rate or a higher
proportion of phenocopies existed among Ash-
kenazi Jews, the proportion of isolated cases among
Jews should also be higher. From the data of Zeman
and Dyken,3 50 of 70 cases (71 .4%) were isolated
cases in Jews and 31 of 44 (70 5 %) in non-Jews. in
Israel, 22 of 26 (84.6%) were isolated, which is not
significantly different. Although the iTD gene is
believed to be associated with high intelligence,5 18
there is no good evidence that higher intelligence
exerts a favourable selective pressure, and certainly
not enough to account for the concentration of the
iTD trait in Ashkenazi Jews of East European
origin. Genetic drift may be a more acceptable
answer. We can only speculate on the correct
explanation at this time.
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