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Abstract 
The problem of congenital abnormalities has been with us for many years. The surviving records of some of the 
oldest civilisations depict cases of congenital malformations. Achondroplasia is found in Egyptian paintings 
over 5,000 years old and the god Phtah revered at Memphis, the ancient capital of Egypt, is without doubt one 
of these cases. Club foot and cleft palate have also been detected in records and mummies of the Egyptian era. 
In other ancient civilisations, abnormalities have also been recorded. Prehistoric Peruvian pottery has been 
found to depict hare-lip and other malformations. Greek mythology included many instances of monsters which 
presumably have their origin in abnormalities. However, not all references to monsters by the Greeks were 
confined to mythology. Aristotle describes a monstrosity as contrary to the most usual course of nature. This is 
probably the earliest reference to someone thinking that congenital abnormalities are due to the unusual 
development of a normal process. 
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AETIOLOGICAL FACTORS IN 
CONGENITAL ABNORMALITIES

By ALEXANDER M. DAVIDSON, B.Sc.

Based on a Dissertation read before the Royal Medical Society 

on Friday, February 14th, 1 964

I. IN T R O D U C T IO N

T h e  problem of congenital abnormalities has 
been with us for many years. T h e  surviving 
records of some of the oldest civilisations depict 
cases of congenital malformations. Achondro
plasia is found in Egyptian paintings over 
5,000 years old and the god Phtah revered at 
M em phis, the ancient capital of Egypt, is w ith
out doubt one of these cases. C lub  foot and 
cleft palate have also been detected in records 
and mummies of the Egyptian era.

In other ancient civilisations, abnormalities 
have also been recorded. Prehistoric Peruvian 
pottery has been found to depict hare-lip and 
other malformations. Greek m ythology in
cluded many instances of monsters which pre
sumably have their origin in abnormalities. 
However, not all references to monsters by the 
Greeks were confined to mythology. Aristotle 
describes a monstrosity as contrary to the most 
usual course of nature. Th is is probably the 
earliest reference to someone thinking that 
congenital abnormalities are due to the unusual 
developm ent of a normal process.

Although painting and sculptures of abnor
malities exist from some of the earliest civili
sations it is not until fairly recent times that 
any effort has been made to determine the

aetiology of such defects. In the M iddle Ages 
the birth of a congenitally defective child was 
viewed with superstition and fear. Even 
physicians were inclined to ascribe such events 
to the supernatural and mystical cause. T h e  
famous French surgeon Am broise Pare tabu
lated the causes of monstrosity beginning with 
God and ending with the D evil. Th is list is 
far from being ridiculous, and m any of his ideas 
have a firm foundation. T h e  causes he gives 
fall into three large categories— religion and 
superstition; environmental factors; and here
ditary. Although we would generally agree 
that G od and the D evil have no direct inter
vention, the other two reasons still hold.

It was not until the 18th  century that some 
of our present day ideas about malformations 
had their scientific foundations. There began 
the collection and examination of embryos. 
T h e  normal developm ent of embryo and foetus 
was investigated and the deviation from  normal 
noted. From  such studies M ickel was able to 
show that some abnormalities arc not due to 
random growth but persistence of some stage 
of normal embryonic development. It was not 
long before many theories arose explaining all 
abnormalities on this basis. Th is prompted
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investigations into factors which could in
fluence the development of an embryo and 
thus the era of experimental embryology began. 
Since the early experiments, work has increased 
in amount and in variety.

II. A E T IO L O G Y

The causation of congenital malformations 
can fall into two main groups: Intrinsic factors 
and Extrinsic factors. The intrinsic factors arc 
genetically determined anomalies either due 
to alteration of the gene or the chromosome. 
The extrinsic factors include all agents which 
can have an effect on the normally developing 
child. This list includes such factors as radi
ation, drugs, mechanical disorders of the womb 
producing pressure symptoms, infections, diet
ary deficiencies, hormonal imbalance and 
environmental factors. However, although this 
list is impressive by its length, it is important 
to realise that the aetiology of most malforma
tions is not clearly understood. Even in cases 
where a causal agent can be detected it is still 
obscure how many of these factors produce 
their effect.

Alterations in the gene can lead to a wide 
variety of conditions. Hereditary malforma
tions of the digits arc fairly common and can 
in some cases be traced back through many 
generations. Phalangeal synostosis can be 
traced back for fifteen generations in the family 
tree of the Earl of Shrewsbury. In many in
stances a genetic defect may not produce such 
a simple picture. In arachnodactyly due to a 
dominant gene, there is a multitude of malfor
mations both ectodermal and mesodermal. 
There arc long hands with spidery fingers, 
spinal anomalies arc common, including hemi- 
vertebrae, the eyes are often affected in numer
ous ways and heart anomalies are common. 
The fact that there are multiple anomalies, 
some of which may occur alone, lead many 
people to think that such a syndrome was due, 
not to one gene, but multiple gene abnormali
ties. The present day feeling is that the gene 
is no observer of germ layers and that there 
is almost no limit to the effects that they can 
produce. However, it may be that with further 
research a syndrome with multiple defects will 
be traced to a single enzyme defect in a simi- 
lar way to the recent elucidation of phenylke
tonuria. Alternately the defect may be in an 
organiser which would be much more difficult 
to trace and characterise.

IN T R IN S IC  FA C T O R S  

Genetic and Chromosomal

In the case of the chromosome there are two 
main types of aberrations, either anomalies of 
number or translocation of part of the 
chromosome. Probably the best known 
anomaly of number is trisomy 21 associated 
with mongalism. There is an interesting 
malformation of the hands in such patients 
—  a horizontal palmar crease and char
acteristic finger prints arc seen. This was 
probably the first congenital condition con
nected to a chromosomal defect. Other trisomy 
conditions have since been recognised. In 
trisomy 17-18 there is a flexion deformity of 
the fingers, mental retardation, hypoplasia of 
the mandible, small mouth, low set ears and 
ventricular septal defect. Another recognised 
condition is trisomy 1 3-15 in which polydactyly 
—frequently quadrilateral, mental retardation 
and eye defects are seen. How the extra 
chromosome in such cases produces these mani
festations is pure conjecture.

E X T R IN S IC  FA C T O R S

Radiation

At the present time there are three main 
means whereby we can be exposed to ionizing 
radiation; during therapy, from environmental 
background and by accidents.

Radiotherapy may play an important part in 
the treatment of disease. As it is normally 
administered by competent people, the hazard 
from this source is considerably reduced. In 
many cases, however, the difference between 
adequate and harmful dose is small and diffi
cult to judge. Changing the dose of radiation 
by as little as 10%  may render the dose lethal, 
a point seldom considered by people not 
used to dealing with therapeutic agents having 
this fine borderline between curvative and 
lethal doses.
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T h e  env iro n m en tal radiation has alw ays 
been present but recen tly  due to such devices 
as d iagnostic  X -rays, the exp losion  o f test 
nu clear bom bs in the atm osph ere, the d e v e lo p 
m en t o f p eacefu l uses o f a to m ic energy and 
m an y oth er causes the background radiation 
has increased. T h is  m eans that in his life tim e 
m an is exposed to a h igher level o f w h ole  b od y 
io n iz in g  rad iation . B esides this increase in 
background radiation there is an increase in 
the n u m ber o f in d iv idu als em p loyed  in the 
m an u factu re  and use o f rad ioactive m aterials. 
T h e  effect o f such long-term  low -level exposure 
is not know n but the possib ility  o f delayed 
effects ap p earing  in later generations m ust be 
borne in m in d.

T h e  third m eans o f exposure is due to an 
acc id en t at som e nu clear in stallation  or during 
w artim e. T h e  effects o f this vary from  death 
to litt le  or no d etectab le  change. A cc id en ta l 
exposures o f these kinds arc rare and it is to 
be hoped th at no fu rth er in ten tion al high yield 
exp losion  w ill ever take place.

R ad iatio n  can p rod uce ce llu lar d am age In
d ifferen t m eth od s. It m ay, if  stron g enough, 
p ro d uce cell d eath  in the in te rm ito tic phase 
or in cells in cap ab le  o f fu rth er d ivision . It 
m ay delay or co m p lete ly  in h ib it m itoses, or if 
m itoses takes p lace  there m ay be chrom osom al 
changes or a lteration  in genes. M u tatio n s in 
ch rom osom es can be seen as v isib le  breaks ond 
structural rearrangem ent o f the in d iv id u al 
chrom osom es. G e n e  m utations, on the oth er 
hand, are noticed o n ly  b y  the effect they pro
duce. A  gene is regarded as a sm all d iscreet 
part o f a D .N .A . m o lecu le  and a m utation  is 
caused b y  a change in its ch em ical co m p osi
tion or ste ric arrangem ent. N atu ra lly  occurrin g 
m utations m ay be the result o f background 
radiation on the gene.

T h e  am ou n t o f harm  w h ich  a given dose o f 
radiation w ill p rod uce is im p ossib le  to estim ate. 
I f  the gene is h arm fu l, such as the one fo r 
h aem op h ilia , then an y increase in the m utation  
rate from  norm al to p ath ological w ill cause an 
increase in h and icap p ed  people . H ow ever, 
m any genes arc n ot cap ab le  o f pro ducing 
p ath ological alleles.

It  is th erefore necessary w ith  regard to 
rad iation to ensure that w orkers and p atien ts 
receive o n ly  th e m in im u m  am o u n t o f  radiation 
and th at pregn ant w om en receive radiation 
o n ly  a fte r care fu l con sideration .

D ru g-ind uced

T h e re  is no d ou bt that drugs o f various 
kind can produce m alfo rm ation s. T h is  
w as brou gh t out d ram atica lly  recen tly by 
the th alid o m id e  disaster. It  is now  know n 
th at th a lid o m id e  taken an y tim e b etw een  co n 
ceptio n  and three m on th s is like ly  to produce 
an ab n o rm ality  o f the lim bs. T h e  typ e  o f 
m alfo rm atio n  produced  is variab le. T h e re  is 
freq u en tly  a sm all hae m angiom a on the fo re
head, the bridge o f the nose is depressed and 
sm all cars are not u n co m m o n , p h ocom elia  or 
seal-like lim bs are usual quad rilateral and arc 
the com m on est lim b  d efo rm ity . H ow ever, in 
the lim bs there m ay be all degrees o f m alfo rm a
tion , from  com p lete  absence o f the lon g bones 
to absence o f the th um bs only. D efe c tiv e  or 
absent radius w ith  acco m p an yin g deviation  o f 
the hand is com m on . S in g le  lim b  defects are 
rare a lth ough  in a qu ad rila te rally  affected  child  
one lim b  m ay be m ore affected  than the others. 
In som e ch ildren  m en ta l retardation m ay be 
noticed b u t this is b y  no m eans com m on .

In discussing th alid o m id e  it is as w ell to 
keep in m ind th e n u m ber o f d eform ities it 
produced. B etw een  19 6 0  and the end of 
A u gust 19 6 2  there w ere 805 live-born ch ildren  
w ith  lim b  deform ities in E n g lan d  and W a le s . 
O f these 15 3  sub seq u en tly  died leavin g  652. O f 
this nu m ber on ly  244 w ere due to the m oth er 
having ingested th alid om id e at som e tim e 
du rin g pregnancy. In  Sco tlan d  the situation  
was a little  b etter w ith  o n ly  51 o f the 1 1 4  
d eform ed babies b ein g  due to the ingestion o f 
th alid om ide.

O th er drugs are also know n to p ro d uce foetal 
m alfo rm ation s. D rugs w h ich  in h ib it  tum our 
grow th  do so in m any cases because the tum ou r 
cells are d ivided  m ore rap id ly than the norm al 
body cells. W ith  this in m in d  it can clearly 
be seen th at these drugs w ill exert som e effect 
on the active ly  grow ing em bryo. It  is un der
standab le th at the em bryo  m ay experience a 
tem porary in h ib ition  o f grow th  resu lting in 
d istortion . T o  a large exten t it w ill depend 
upon tim e o f adm in istration  and dosage o f the 
drug w h ether a d e fo rm ity  or a stillb irth  w ill 
fo llow . M a n y  oth er types o f drugs have been 
in crim in ated  in con gen ita l m alfo rm atio n s but 
in m an y cases it is d ifficu lt to p ro ve the 
relationship  betw een the drug and th e m alfo r
m ation  prod uced . It  is even  m ore d ifficu lt to 
p rove th at a g iven  drug w ill n o t produce 
abnorm alities.

T h e  im p o rtan t fac to r to bear in m in d  is that
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in the m ajority of cases the m alformations pro
duced by drugs can be avoided, T o achieve this 
a greater control over the prescribing of drugs 
linked with congenital m alformations must be 
exercised. N ew  drugs must be used with 
caution until they have been proved by time 
to be safe. W h ile  all species do not react in 
the same m aim er to drugs it would be advisable 
to test new drugs on pregnant animals of 
several species receiving variable doses of drugs 
at different stages of pregnancy. In this way 
some idea about the teratogenic actions of a 
drug may be revealed but it is by no means 
an absolute test.

Infections

Following the discovery of bacteria it 
was thought that congenital m alformations 
were due to bacterial infection. It was 
known that syphilis would cause foetal 
death with subsequent abortion and so syphilis 
was named as the prime cause of m alform a
tions. However, with the introduction of 
therapy against syphilis and the subsequent fall 
in its incidence not followed by a corresponding 
fall in m alformations investigations turned in 
other directions. As with so m any other cases, 
investigators were looking for one cause of 
m alform ation. W e  now know that this con
cept is false and that bacteria and viruses 
do have a part to play in the aetiology of 
abnormalities.

It is well known that rubella in the first 
trimester of pregnancy may produce m alform a
tions. T h e  mechanism whereby the rubella 
virus produces its lesion is unknown but it has 
been suggested that it is due to the localisation 
of the virus in the developing embryonic cells 
causing their death. O ther theories are that 
the virus initiates a m etabolic defect or that it

constricts blood vessels producing anoxia. How- 
ever, as with most conditions which have a 
m ultiplicity of theories as to aetiology little is 
really known as to the mode of action of the 
rubella virus.

Dietary  Deficiencies

Although m alformations can be produced 
in animals fed on diets lacking in some 
constituents these m alformations are not 
found in humans. T h e  only dietary 
factor of any proved significance is iodine. 
Endem ic cretinism occurs in areas where 
endem ic goitre is common. T h e  child 
is born with an enlarged thyroid and shows a 
generalised lesion of bone, the growth of which 
is severely impaired. T h e  bones are smaller 
and shorter than normal due to a defect in 
endochondral and intra-membranous ossifica
tion. A n  interesting feature is the presence 
of deaf mutism in m any of the affected cases.

Hormones

Disturbances in hormones in the m other 
have been regarded as causes of congenital 
anomalies but this is not based on sound 
evidence. A bout the only defect due to this 
cause has been the appearance of masculinised 
genitalia of some fem ale children born to 
mothers who received synthetic progesterones 
for threatened abortion.

III . S U M M A R Y

In this article only sonic of the known causes 
of congenital m alformations are discussed. T h e 
aetiology of m any conditions has still to be 
worked out and with further elucidation the 
door may be opened towards prevention of 
many of these crippling conditions.
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