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A series of house-to-house surveys in Central Brazil revealed 32 cases of reduction deformities
of the limbs (brachydactyly, synbrachydactyly, ectrodactyly, amely, adactyly, achiry, apody,
etc.) among 58,761 births (0.54 per thousand, being 0.66 per thousand among Whites and 0.43
per thousand among Mulattoes and Negroes). No sibship was found with two or more equally
affected singleton members. One case of concordance among twins is referred. There were no
parity, inbreeding, race and sex effects. Both hands and both feet were also equally affected.
Precocious mortality and twinning were significantly higher among affected individuals. The
presence of cleft lip and palate in one of our index patients may also reflect an etiological rela-
tionship. Among the sibs, the total incidence of congenital malformations was similar to that
generally accepted for general populations.

INTRODUCTION

Reduction deformities of the limbs are a rather heterogeneous nosologic group both as
regards clinical and etiological aspects (Freire-Maia 1969). In the large majority of them,
etiology is totally unknown and the average recurrence risk is practically nil. The present
investigation (made on the basis of a house-to-house survey) had the advantage of avoiding
ascertainment biases which would increase recurrence, unlike our first investigations (Freire-
Maia and Freire-Maia 1964 and 1967, Fonseca and Freire-Maia 1970). Some of its main
conclusions have already been briefly mentioned before (Freire-Maia and Azevedo 1968,
Freire-Maia 1969).

MATERIAL AND METHODS

The surveys from which the present data emerged have been made with the aim of obtaining data for inbreeding
studies and fully described before (Freire-Maia et al. 1963, Freire-Maia 1963, Freire-Maia and Azevedo 1971,
Krieger et al. 1971). They have been made in the south of the central Brazilian State of Minas Gerais, among
socioeconomic levels from medium to very low, with predominance of the low levels where cooperation proved
to be higher. In some of the surveys, the families were ascribed numbers which would correspond appro-
ximately to socioeconomic levels, from 5 (the highest) to 1 (the lowest). The mean was equal to 1.68 4 0.01,
thus showing a rather low average social status (Pederneiras et al. 1974).

The affected individuals not present at home at the time of the interviews were described (generally by their
own mother) as accurately as possible. Long descriptions were sometimes obtained in order to get as detailed
information as possible. When the affected individuals were present, they were examined by the interviewers,
When necessary, drawings were made of the affected parts. In some cases, photographs were taken, and in
one case, a radiograph.
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The first survey has been made directly by the authors; the others, by duly instructed persons under the direct
supervision of the authors.

We define “‘ reduction deformities ** in this paper as any congenital malformation due either to aplasias or
to minor or major hypoplasias of one or more bones of the limbs. Our list of malformations in the next
section shows the large range investigated, from mild brachydactylies and synbrachydactylies to some of the
most severe reduction deformities, such as phocomelias, amelias, achiries, etc.

THE DATA

A total of 58,761 births (including stillbirths) have been ascertained with a total of 32 cases
of reduction deformities (0.54 per thousand). The incidence among White (19/28,809 = 0.66
per thousand) is statistically not significantly different (3} = 1.37; p >0.20) from that among
non-Whites (i.e., Mulattoes and Negroes) (13/29,952 = 0.43 per thousand). All the relatives
of our index patients are normal, except when specified below.

No sibship was found with two or more similarly affected singleton members. A total of
95 births occurred after the birth of our index patients.

A short description of each malformation, as classified by race, sex, and F (the inbreeding
coefficient of the affected individual) will be presented below. When F is not mentioned,
this will mean that it is equal to 0.

WHITES

Males

1. Brachydactyly (with absence of nails; right hand and both feet; died at 40 days).

2. Poland paradrome (= anomalad) (right side affected). (For details on this patient, see Freire-
Maia et al. 1973).

. Brachydactyly (hypophalangy of the fifth left toe; died at one day).

. Brachydactyly (lower unilateral).

. Ectrodactyly (absence of two toes on both feet; F=5/64).

. Ectrodactyly (absence of the first and fifth fingers of the left hand; died on the first day).

. Apody (right; associated with imperforate anus; died at 18 days).

. Amputation (quadruple above knee and above elbow; died at one day; F=1/32).

9. Phocomelia (complete lower bilateral; stillborn).

10. Ectrodactyly and brachymetacarpy (right hand; absence of the first, second, fourth and fifth fingers; asso-
ciated with short corresponding metacarpals).

11. Achiry (left; F=1/16).

X~ N AW

Females

1. Ectrodactyly (quadruple; ring constrictions in fingers and toes as well as in the right leg).

2. Brachydactyly (hypophalangy of second and third toes of the right foot).

3. Ectrodactyly and syndactyly (absence of third finger and syndactyly of fourth and fifth fingers of the left
hand).

4. Achiry (left; F=1/16).

S. Amelia (upper bilateral; died at three days).

6. Adactyly (left hand).

7. Brachydactyly (bilateral hypophalangy of the third fingers and toes associated with harelip and cleft palate;
died at three months; a cotwin is a normal female; F=1/16).

8. Ectrodactyly and brachydactyly (absence of two right fingers; fifth finger shorter).
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MULATTOES AND NEGROES

Males

1. Poland paradrome (left side affected). (For details on this patient, see Freire-Maia et al. 1973).

2. Brachydactyly (hypoplastic second toe of both feet).

3. Brachydactyly (hypoplastic second toe of both feet).

4. Ectrodactyly (left hand; absence of first, fourth and fifth fingers; a brother with bilateral fibular poly-
dactyly).

5. Ectrodactyly (absence of two toes on the left foot; a cotwin is a normal female).

Females

1. Brachydactyly (hypophalangy in all fingers of the left hand).

2. Synbrachydactyly (bilateral webbed toes; hypoplastic second toe of both feet; a cotwin is the following
(no. 3).

3. Synbrachydactyly (bilateral webbed toes; hypoplastic second toe of the right foot; a cotwin is that des-
cribed under no. 2).

4. Phocomelia (incomplete upper bilateral; stillborn; a cotwin is a normal male).

5. Ectrodactyly and syndactyly (right splithand with three fingers and syndactyly of the fourth and fifth;
syndactyly of second to fifth fingers of left hand; only three toes on the right foot).

6. Ectrodactyly (absence of right thumb; died at one day).

7. Ectrodactyly (absence of one toe on the left foot; a sister with harelip and cleft palate).

8. Achiry (left).

Among the above 31 sibships with 32 patients, 5 were the offspring of consanguineous mar-
riages (16.13 + 6.619%,). In a sample from the general population where the patients have
been ascertained, the frequency of consanguineous marriages was found to be 1152/10,260 =
11.23 +0.31%,. These two frequencies are not statistically different (2 = 0.75; p>0.30).
Interestingly enough, all the 5 inbred sibships are White (5/19 = 26.31 + 10.10%). In our
subsample from the White fraction of the general population, the frequency of consanguineous
marriages (743/4959 = 14.98 + 0.51 %) is not statistically different from 26% (¥ = 1.92;
p>0.10). The frequency of inbred sibships among Whites (5/19) is also not statistically
different from 0/12 among non-Whites (32 = 3.77; p>0.05). The inbred patients had lower
bilateral ectrodactyly (1 case), quadruple amputation (1 case), left achiry (2 cases) and bila-
teral hypophalangy of the third fingers and toes associated with cleft lip and palate (1 case).
Among the 32 affected indviduals, 1 was stillborn (complete lower bilateral phocomelia),
5 died in the first week of life (hypophalangy of the fifth left toe; absence of the first and
fifth fingers of the left hand; quadruple above knee and above elbow amputation; upper
bilateral amelia; absence of the right thumb); 1 died in the third week of life (right apody);
1 died in the second month of life (brachydactyly of the right hand and both feet associated
with absence of nails), and 1 died at three months (bilateral hypophalangy of the third fingers
and toes associated with cleft lip and palate). These 9 cases represent 28.13 + 7.93% of the
32 affected individuals. (In the subsequent comparisons, Yates’ correction for continuity
will be always applied when justifiable.) This frequency (28 %) is statistically different from
the corresponding mortality among their sibs (19/189 = 10.05 + 2.19%; %3 = 6.53; p<
0.05). Of the 9 cases of mortality (from stillbirth to the third month of life), 8 are among
Whites (8/19 = 42.11 4- 11.339%), whereas the mortality among their sibs is 9/109 = 8.26 4
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2.64% (42 = 13.29; p<0.01) and only 1 (with absence of the right thumb) is non-White
(1/13 = 7.69 + 7.39%,), whereas the mortality among their sibs is 10/80 = 12.50 -+ 3.709%,
(x = 0.25; p>0.50). The difference between the mortality of the affected Whites (42 %)
and that of the non-Whites (8 %) as well as the difference between those of their sibs (8%
and 13%) are not significant (y? equals 3.43 and 0.92, respectively; p>0.05 and >0.30,
respectively).

If we classify the 32 anomalies into different types on the basis of generally accepted criteria,
we have the incidences as shown in the Table. There are no suggestions that these incidences
may vary between the two ethnic groups (all the »* values correspond to values of p higher
than 0.05). Fifteen of the malformations affected the upper limbs, 12 the lower limbs and 5

Table. Incidence of different types of reduction deformities

Whites Non-Whites Total
Deformity? Per 28,809 Per 10,000 Per 29,952 Per 10,000 Per 10,000
Amelia 1 0.35 0 0 0.17
Achiry 2 0.69 1 0.33 0.51
Phocomelia 1 0.35 1 0.33 0.34
Brachydactyly? 5 1.74 3 1.00 1.36
Ectrodactyly only 3 1.04 4 1.34 1.19
Ectrodactyly® 3 1.04 1 0.33 0.68
Amputation 1 0.35 0 0 0.17
Adactyly 1 0.35 0 0 0.17
Apody 1 0.35 0 0 0.17
Synbrachydactyly 0 0 2 0.67 0.34
Poland paradrome 1 0.35 1 0.33 0.34
Upper limbs 9 3.12 6 2.00 2.55
Lower limbs 6 2.08 6 2.00 2.04
Upper and lower 4 1.39 1 0.33 0.85
Total 19 6.60 13 4.34 5.45
Hand defectsd 11 3.82 6 2.00 2.89
Foot defectsd 8 2.78 7 2.34 2.55
Hand def. only 7 2.43 4 1.34 1.87
Foot def. only 4 1.39 6 2.00 1.70
2 As described in the list presented in The data; b One associated with cleft lip and palate; ¢ Asso-
ciated with other defects; 4 With and without other defects.

both of them (y2 = 4.95; p>0.05). The incidence of patients with both upper and lower
limbs affected (0.85/10,000) is about 1600 times higher than would be expected by mere chance
on the basis of the product of the incidence of the reductions of the upper limbs alone and
that of the lower limbs alone.

Males and females are equally affected (16 cases each). Both sides are also equally affected:
5 right hands and 9 left hands (2 = 1.14; p>0.20) and 3 cases in each foot.

Among the 31 pregnancies that resulted in at least one individual affected with reduction
deformities, 4 led to twins (12.90 4- 6.02%), a high frequency as compared with that from
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the same couples but resulting in *‘ normal > children, i.e., not affected with reduction de-
formities (2/187 = 1.07 +-0.75%; 2 = 9.84; p<0.01). The twinning rate as regards
affected Whites is 1/19 = 5.26 4- 5.109,, while that as regards affected non-Whites is
3/12 = 25.00 4+ 12.48% (3 = 1.10; p>0.20). The twinning rate among their ‘‘ normal ”
sibs equals 0/109 for Whites and 2/78 = 2.56 + 1.78 %, for non-Whites (3% = 0.92; p>0.30).
The difference between affected and *‘ normal ” Whites is also nonsignificant (33 = 0.99;
p>0.30), but that between affected and ‘‘ normal ” non-Whites is significant (y3 = 6.16;
p <0.05).

In Brazilian general populations, the twinning rates have been found to range between 0.97 %
and 2.429, the majority lying between 1.19% and 1.759%,, without consistently showing
Negroid populations with higher rates than Caucasians (Arena 1974, Pedreira et al. 1959,
Freire-Maia et al. 1961, Souza et al. 1966, Saldanha et al. 1963, Stevenson et al. 1966, Aradjo
and Salzano 1975, Azevedo and Freire-Maia 1970). The data by Freire-Maia et al. (1961) and
Azevedo and Freire-Maia (1970), obtained in the same surveys on which our present data on
reduction deformities are based, led to 1.199, practically identical to that we now found in
our ‘‘control” group (1.07%).

There is no birth-order effect in our cases of reduction deformities. According to Haldane
and Smith’s method (1948), the sum of the birth order of the index patients equals 666 and
its expected value on the assumption of no effect is 756. The difference between both values
(90) is lower than twice the standard deviation, which is 77.38. According to Slater’s method
(1962), the average birth order is 0.58 + 0.08, not statistically different from 0.50 (¢ = 0.80;
p>0.20).

DISCUSSION

Since, as far as we know, no other research has employed exactly the same definition of
reduction deformities and/or collected the data according to the same methodology, we
think any comparison between our data and the others available in the literature would be
worthless. Any possible differences and similarities could be due to unrelated concomitant
variables. Our data only permit internal comparisons and characterize a specific population
as investigated with the specific method which was used.

In spite of that, we would like to mention that other Brazilian populations have been investi-
gated on the basis of clinical examinations of newborn children. The incidences of reduction
deformities varied as follows: 0, 0.49, and 1.65 per thousand (Araujo and Salzano 1975,
Stevenson et al. 1966, Arena 1974). In spite of the fact that the methodology employed by
these authors differed very much from ours and is supposed to be better than it, our estimate
(0.54 per thousand) occupies a central position rather than the lowest one, occupied by that
of Aratjo and Salzano, who investigated a total of 4900 Whites and 1067 non-Whites, all
of them living at the time of the examination. Arena (1974), whose series of 3028 births also
included 64 stillbirths, found 17 cases of ‘“ more proximal implantation of toes ”’, some of
which could be due to metatarsal reduction (Arena 1976, pers. communic.).

All the reduction defects were sporadic. This confirms previous investigations which reported
no recurrence at all among sibs for the large majority of reduction deformities (Birch-Jensen
1949, Freire-Maia and Freire-Maia 1964 and 1967, Fonseca and Freire-Maia 1970, Rogala
et al. 1974). This is an optimistic aspect (for counseling purposes) which is coupled with the
fact that etiology is generally unknown. For parents seeking counseling, therefore, the know-
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ledge of the etiology of the anomaly which is present in one of their children is not always
the best source of ¢‘ tranquility ”’, whereas for the counselor it is. As in the present situation,
complete ignorance of etiology may be associated with excellent genetic prognosis.

The high incidence (4/31) of twinning among the pregnancies which resulted in the index
patients — a fact already mentioned by Birch-Jensen (1949) — points to the hypothesis that
““ exogenous ” factors may have some etiological importance. Our data do not seem to
suggest, however, that poor living conditions and factors associated with parity and race
may be preponderant.

Our data also show no inbreeding effect, which, together with nonrecurrence, rules out the
action of rare recessive genes. The fact that both sexes are equally affected shows that both
are equally sensitive to the (unknown) etiological agents.

The incidence of other malformations among the sibs of our index patients is 2/189 (1.06 +
0.749%), a value of the same order of magnitude as those of general populations. The face
value is actually lower than those available for Brazilian (mixed) populations, where the
reported incidences of congenital malformations, as ascertained on the basis of both prospec-
tive and retrospective approaches, vary from 2.00%; to 16.09 % (the majority being between
2% and 4%), the incidences of the major ones ranging from 1.279% to 2.469, (Saldanha
et al. 1963, Aratjo 1963, Saldanha 1964, Stevenson et al. 1966, Arena 1974, Araujo and
Salzano 1975). This is a clear suggestion that reduction deformities have no etiological rela-
tionship with ‘‘ other ” malformations, i.e., the sibs of patients with reduction deformities
do not seem to be more liable to develop other malformations than the average individual
in general populations. Our present data are in full accordance with the conclusions of other
investigations we have made into the same subject (Freire-Maia and Freire-Maia 1964 and
1967, Fonseca and Freire-Maia 1970).

In our sample, reduction deformities have been found associated with other malformations
in a few instances: with imperforate anus (1 case), ring constrictions (1 case), syndactyly
(4 cases), cleft lip and palate (1 case), and deficiency of thoracic muscles (Poland paradrome,
2 cases). It is possible that some of these associations are purely coincidental, but some of
them (e.g., ring constrictions and syndactyly) are probably the result of the same etiological
agent. The presence of one case of cleft lip and palate among our 32 index patients may
also have an etiological significance, as shown by Birch-Jensen (1949). Poland paradrome
(anomalad) is a well-known entity; our two cases have been studied in another paper (Freire-
Maia et al. 1973). We estimated its incidence, on the basis of an indirect approach, as lying
between 105 and 10%. 1In our data, its frequency is 1/30,000.

It is worth calling attention to the fact that among the 4 cases of twin pairs referred to in
our list, 1 led to an almost complete concordance (synbrachydactyly; non-White females).
Since only 2 of the 4 twin pairs have the same sex ( @ Q) and, therefore, can be MZ, concor-
dance among possible MZ twins is 1/2. This concordance bears a suggestion that the syn-
brachydactyly referred to in our list may be genetic.

It is doubtful whether the inbred sibships (or at least some of them) show malformations
due to autosomal recessive genes. Since no recurrence occurred in any of them and the in-
breeding rate is not significantly higher in the sample of index patients as compared with the
general population, we prefer to assume that inbreeding is here a merely coincidental finding.
Since Whites living in the Brazilian region surveyed have a Portuguese origin, one would be
tempted to identify uncritically the quadruple amputation verified in an inbred (F = 1/32)
White male patient as acheiropodia. This would not be supported by what is known as
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regards the lower amputation level (always below the knee) in acheiropodia (Freire-Maia
A. 1974 and 1975).

As mentioned, all 5 inbred index patients and 8 out of 9 of the cases of precocious mortality
were found among Whites. There is, however, no apparent association between inbreeding
and precocious mortality. The malformations verified among Whites are, on average, more
severe than those of the non-Whites and this seems to be the cause of the higher precocious
mortality of affected Whites. However, only 2/8 of the dead were inbred.
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RIASSUNTO

Deformita Riduttive, Gemellarita e Mortalita nelle Popolazioni Bianca e Negra del Brasile

Una inchiesta domiciliare nel Brasile Centrale ha rivelato 32 casi di deformita riduttive degli arti (brachidat-
tilia, sinbrachidattilia, ectrodattilia, amielia, adactilia, achiria, apodia, ecc.) su di un totale di 58.761 nati (0,54
per mille, 0,66 nei bianchi e 0,43 in negri e mulatti). Non si sono trovate fratrie con due o pitt membri mononati
affetti e viene riferito un solo caso di concordanza in gemelli. Non si sono trovati effetti di parita, endogamia,
razza o sesso. Le due mani ed i due piedi sono risultati ugualmente colpiti. Nelle famiglie degli individui
colpiti mortalitd precoce e gemellarita sono risultate significativamente piu elevate. La presenza di cheilo-
gnatopalatoschisi in uno dei pazienti indice pud anche riflettere una relazione eziologica. La frequenza com-
plessiva di malformazioni congenite fra fratelli € risultata simile a quella accettata per la popolazione generale.

RESUME

Deformités Réductionnelles, Gémellarité et Mortalité dans les Populations Blanche et Noire du Brésil

Une enquéte domiciliaire dans le Brésil Central a révélé 32 cas de déformités réductionnelles des membres
(brachydactylie, synbrachydactylie, ectrodactylie, amyélie, adactylie, achyrie, apodie, etc.) sur un total de
58.761 nés (donc 0,54 pour mil, avec 0,66 chez les blancs et 0,43 chez les noirs et les mulatres). Des concor-
dances entre fréres n’ont pas été trouvées, & I’exception d’un cas de concordance chez deux jumeaux. Aucun
effet de parité, endogamie, race, sexe ou latéralité n’a été trouvé. Mortalité précoce et gémelliparité étaient
significativement plus élevées chez les familles des sujets atteints. La présence de cheilognathopalatoschise
chez un des patients index pourrait refléter une relation étiologique. La fréquence de malformations congé-
nitales chez les fréres et sceurs n’était pas différente par rapport a la population générale.

ZUSAMMENFASSUNG

Reduzierende Missbildungen, Zwillingshdufigkeit und Sterblichkeit bei den Weissen und Schwarzen Populationen
Brasiliens

Eine in Form von Hausbesuchen durchgefiihrte Forschung in Zentralbrasilien ergab 32 Félle von reduzie-
render Missbildung der Gliedmassen (Brachydaktylie, Synbrachydaktylie, Ektrodaktylie, Amyelie, Adaktylie,
Achirie, Apodie usw.). Dies entsprach 0,54°/00 aller untersuchten Kinder (58.761): 0,66°/°¢ der weissen und
0,430/°c der Neger- oder Mulattenkinder. Es fanden sich keine Familien, in der zwei oder mehr Kinder von
den gleichen Missbildungen betroffen waren und es wird auch nur ein Fall von Zwillingskonkordanz erwéihnt.
Paritit, Endogamie, Rasse oder Geschlecht scheinen das Phianomen nicht zu beeinflussen. Beide Hande und
beide Fiissen sind in gleichem Masse betroffen. In den Familien der Betroffenen fallen frithe Sterblichkeit und
Neigung zu Zwillingsgeburten auf. Der Befund eines Wolfsrachens (Cheilognathopalatoschisis) bei einem
der Indexpatienten kann auf einen etiologischen Zusammenhang hinweisen. Die Gesamthaufigkeit der ange-
bo}rlenen Missbildungen bei Geschwistern entsprach ungefahr der fiir die Gesamtbevolkerung angenommenen
Schitzung.

Prof. Newton Freire-Maia, Departamento de Genética (UFPr), Caixa Postal AA, 80000 Curitiba, Paran4,
Brasil.
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