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A REVIEW OF GENETICS IN ORTHOPAEDICS 

RUTH \VYNNE-DAVIES 

There has been greatly increased interest in inherited and develop­
mental disorders over the past decade, with a huge volume of literature 
appearing in a variety of journals. This review of "genetics in ortho­
paedics" is taken to mean a review of those disorders occurring in 
orthopaedic practice which have a known genetic basis. 

Human genetics is of immense complexity. On only one chromosome 
there are thousands of genes, and in man there are 46 chromosomes. 
On only one gene there are many different sites where mutations, or a 
change in chemical structure, can occur, perhaps with clinically appar­
ent disease resulting- although it is still not clear why these structural 
changes should occur. 

Developmental disorders, in man, whether apparent at birth or only 
in later years, can result either from adverse genetic or environmental 
factors, or from a mixture of both. If a genetic abnormality is present il 
must fall into one of three groups: 

i) Chromosome anomalies (groups of genes) 
ii) Unifactorial (single gene ) disorders with dominant, recessive or 

X-linked patterns of inheritance 
iii) Multifactorial disorders due to multiple genes together with en­

vironmental factors . 

C H R 0 ~! 0 S 0 M E A N 0 M A L I E S 

Up to a few years ago it was only possible to arrange man's 23 pairs of 
chromosomes roughly into groups, according to their size and the posi­
tion of the centromere. However, new fluorescent techniques and radio­
active labelling make it possible now to identify individual chromo­
somes and their specific defects. This means that cytogenetic diagnosis 
is becoming a great deal more accurate and many "new" syndromes 
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involving only a part of one chromosome are being described. We 
should be aware of the possibility of these less extensive defects as well 
as the chromosome anomalies that have been known for the past 10 
years or so, but a detailed knowledge of this subject is not of great 
practical value to the orthopaedic surgeon. Many foetuses with chromo­
some anomalies will abort early, and many infants are stillborn or die 
in the first year of life. Chromosomal defects involve large numbers of 
genes and the damage to the body is usually widespread with mental 
defect and general disorganisation of development. 

UNIFACTORIAL DISORDERS 

Unifactorial disorders are caused by mutation of single genes. Most are 
rare and less influenced by environmental factors than multiple gene 
disorders. The three patterns of inheritance commonly seen are: auto­
somal dominant, autosomal recessive and X-linked recessive inherit­
ance. X-linl<ed dominant disorders do occur, but infrequently. A review 
of the single-gene, unifactorial disorders in orthopaedic practice is 
largely a review of the generalised skeletal dysplasias and malforma­
tion syndromes. 

The generalised skeletal dysplasias form a subject of great difficully 
because of the rarity of the disorders and the absence of detailed family 
studies identifying the complete range of anomalous development asso­
ciated with one gene. One has only to think of the various signs and 
symptoms in osteogenesis imperfecta (bone fragility, blue sclerotics, 
deafness and so on), some appearing in one member of a family, some 
in another, to realise the problems of assessment. Genetic counselling, 
therefore, is often hazardous because of this general ignorance and be­
cause of the variable expression, particularly of the dominanlly inher­
ited disorders. It is impossible to cover the whole field, so I have chosen 
four groups of disorders where "new" diagnoses or diagnostic tech­
niques have been established recently. 

( i) Short-limbed dwarfism 
(ii) Metaphyseal disorders 

(iii) Increased bone density 
(iv) Storage diseases 

Inevitably there is some overlap betwen them, and for details the 
reader is referred to Carter & Fairbank (1974), Spranger et al. (1974), 
and Maroteaux (1975). 
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(i ) Short-limbed dwarfism 

In the p as t, a ll short-limbed dwa rfs were th ought to have achondro­
pl as ia. It is now known th a t th e re a rc a t leas t 20 or 30 diffe rent con­
dition s, som e inherited and some not. True, or ' class ical' achondroplasia 
is ch aracterized by an enl a rged vault of the s kull , depressed n asa l 
bridge and n a rrow interpedi cul a r di s ta nce of th e lumba r ve rt ebrae, this 
n a rrowi ng of the spinal can al leading pe rha ps to parapleg ia in adult 
life. The neares t condition to it is hypochondroplasia, thi s being rather 
less seve re and lack ing the skull abn orm ality. Both a rc of domin ant 
inherit ance. 

There a re severa l form s of short-limbed dwa rfs eith e r s tillborn, or 
dying in early infancy. In achond rogen esis and lhanal oplw ric dwarfism 
the limbs are excess ive ly sho rt. In th e short-rib-polydac tyly syndrom es, 
includ ing asphyx iating thoracic dystrophy, the re a rc very short ribs 
accompa nied by pre- or pos t-ax ia l polydac tyly. Death us ually occurs 
from respira tory di ffi culties, the lungs being loo la rge fo r the na rrow 
thorax. 

The inh eritance of tha na topho ric d wa rfi sm is unkn own , but the 
other le tha l form s a re of a utosom al recess ive inh erit ance; thus the re 
is a high ri sk of the pa rent s h av in g ano ther similar child . 

O ther m embers of th e ' short-limbed dwa rfi sm ' g roup a rc likely to 
live until m aturity, and m a ny of th em p resen t d ifficult orth opaedi c 
problem s. The Ellis van Creveld syndrom e has been kn own for seve ra l 
years, an d is of a utosoma l recessive inherit ance, with pa rti cularly 
short di s ta l limb segment s, pos t-ax ia l polydac ty ly and oft en conge nit a l 
hea rt d isease. Diastrophic dwarfism is a lso reccss ivc ly inh e rit ed, a nd 
present s di ffi cult ies in trea tm ent due to intrac tabl e cluhfoo t, j oint con­
trac tures and scoli os is developin g in ea rly infa ncy. Curi ous assoc ia ted 
fea tures a re the cys ti c swellings of th e cars in the firs t few weeks of 
life, subsequentl y becomin g ' ca ulifl ower ' cl cfo nniti cs, and the short 
firs t m ctaca rpals. 

Chondrodysplas ia pun cta/a (Conrad i di sease) probably occ urs in two 
forms, domin ant and recess ive, though th e clini ca l di s tin cti on is not 
a lways clea r . The recess ive fo rm is associa ted with icthyos is a nd ca ta­
r ac ts and is fr equentl y leth a l in the fir s t yea r of life . The less seve re, 
domin ant , form is n ot rea ll y an exa mpl e of sho rt limbed d wa rfi snt , be­
cau se the limb shortenin g is like ly to be asy mmet ri ca l. Both form s of 
Conradi 's di sease sh ow puncta te calcifi ca tion o r s tipplin g of epiphyses, 
but thi s radiological sign d isappea rs as the child g rows. 
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In pseudo-achondroplasia the body propo rtions look very simila r to 
cl ass ica l achond rop las ia, but th e skull is n ot a ffect ed, and th e di sorder 
is not appa rent until 1 or 2 yea rs of age. Radi og raphy m a kes th e diag­
n osis clear, becau se he re epiphyses a rc irregul a r and sma ll and the 
vertebrae arc a ff ec ted , bein g bi convex with a protrudin g central tongue. 
The geneti cs a re un cert ain; indeed , thi s is probabl y a he te rogen eous 
g roup of di so rd ers, some dominant, some recess ive. 

Metatrophic dwarfism presents in infancy with short limbs but in 
la te r life pl a tyspondyly and a pa rti cularl y intractabl e scolios is cont r ib­
ut e to a short-trunk type of dwa rfi sn1. As with so m any of the sh ort­
limbed d warfs, the th orax is n a rrow and resp iratory diffi culti es occur. 
Inheritan ce is not ye t clear. 

J{nies t disease is the las t of the dwarfs with sh ort limbs associa ted 
with a generali sed skele ta l dyspl asi a to be desc ribed. These children 
h ave a p eculiar face with a depressed na sal bridge, and al so a sh ort 
t runk associa ted with p la lyspondyly. About h a lf of th em h ave a cleft 
pa late. A cha rac teri s ti c r adi ological fea ture arc the ve ry broad femoral 
necks. Inherit ance is p robabl y a ut osoma l domin ant (o r perh aps X­
linkcd domin ant ). 

There a rc several form s of dwa rfi sm in whi ch the shortness is p ro­
d uced by s tru ctural defects of th e limb bones: N ievergell syndrom e, and 
th e 11lno-fibular type, (both of dominant inh eritan ce) and mcsomcli c 
dwarfi sm ( recess ive inh erit ance ) . 

( ii ) M etaphyseal diso rders 

The rare m etaphyseal dysos tos is ( Jan sen type of dominant inherit­

ance) with severe dwa rfin g and hypercal caemi a ea rly in th e d isease has 
been kn own for man y years . The Schmid type of m etaphyseal ch ondro­

dysplasia is less seve re, a ffec tin g m ainl y the lower limbs and p:ll·ti c­
ul a rl y the femora l nec ks. These indi vid ua ls a rc of shor t s ta tu re with 
n o rmal epiphyses. Thi s di sorde r , of domin ant inherit ance, is lo be di s­
tin gui sh ed from th e Mcf{usick type of m etaphysea l chondrodysplasia , 

of recess ive inhe ritan ce. l·o rmerl y known as the ca rtilage-h air syn­
drome, th ese in d ividu als have ra the r short limbs, fin e, sparse h a ir and 
the m etaphyses r ound th e k nee a rc p arti cularly a ffected. In some in­
di vidu als Hirsch sp rung di sease, chroni c neutropeni a and lymphop eni a 
occur with impa ired cellula r immunit y. Indeed, th ere a re now two 
additional fo rm s of metaphysea l ch on d rodysplasia associa ted with 
t hes.e features (one with I hymolymphopenia, and the other with pan-
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creatic insufficiency and neutropenia, both of recessive inheritance). So, 
in metaphyseal disorders, look also for white cell and immunity prob­
lems. 

One further disorder affecting the metaphyses n eeds mention- the 
Kozlowski type of spondylometaphyseal dysplasia, differentiated from 
the preceding diseases by spinal involvement, where platyspondyly and 
scoliosis contribute to a short-trunk type of dwarfism (dominant in­
heritance ). 

(iii) Increased bone density 

Osteopetrosis has been recognized for many years. There is the con­
genital or early onset type, of recessive inheritance, with severe mani­
festions, progressive anaemia due to encroachment on the marrow 
space, cranial nerve palsies and so on. The lat e-onset form is often of 
dominant inheritance and is less severe. More recently other 'dense 
bone' disorders have been described. In pyknodysostosis there is short 
stature, \Vormian bones, dental anomalies, short clavicles and short 
terminal phalanges as well as bone fragility. Marrow problems do not 
occur; it is of recessive inheritance. Dysosteosclerosis (recessive inher­
itance) is characterized also by bone fragility, dental anomalies and in­
creased density of all bones; however, it is differentiated from osteo­
petrosis by platyspondyly, absence of ma rrow complications and a zone 
of increased translucency just proximal to the metaphyseal area. In 
sclerosteosis (recessive inheritance) the main features are increased 
density of the skull, mandible and to a less extent, the long bones. 
Syndactyly is present, and there is a failure of modelling of the dia­
physes. 

There are various disorders in which hyperostosi s principally of the 
skull occurs, with or without thickening of long bones ( craniometa­
physeal dysplasia, craniodiaphyseal dysplasia, and frontometaphys eal 
dysplasia ) . 

(iv) Storage diseases 

The storage diseases are among the inborn errors of m etabolism, and 
we have known of the six mucopolysaccharidoses, including the Hurler 
and Morquio syndromes, for several years. More recently another 
group, the mucolipidoses, have been described, sharing clinical features 
of both the mucopolysaccharidoses and the third 'storage' group- the 
sphingolipidoses (Table 1). 



M ucopolusacc haridoses 
Hurl er syndrome (MPS I.H. ) 

Scheie syndrome ( MPS I.S.) 

Hunter syndrome 

Sanfilippo sy ndrome 

Mo rqui o sy ndrome 
Maro tca ux-Lamy sy ndrom e 

Mucolipidoses 
Gl\1

1 
gangliosidosis Type I 

Mucolipidoses I 
II (I cell di sease) 
Ill 

Sphingolipidoses 
Gaucher di sease 
(also Nicman Pick di sease, 
metachromatic leucodystrophy, 
Fabry di sea se and lactosyl 
ceramidosis) 

Table 1. Storage diseases. 

Inheritance Enzyme Age of onset 

Autosomal recess ive Deficient a-L iduronidase First f ew 
m onth s 
Lat er 
childhood 
6-12 month s X-linked recessive Low sulphoiduronate 

sulphatase 
Autosomal recessi ve Low N-heparan-sulphatase Early 

or a-acetyl-glucosaminidase childhood 
? 
? 

Deficient ,a-galactosidase 

? 
? 
? 

2- 4 year s 
Early-late 
childhood 

Birth-ea rly 
infa ncy 

Late infancy 
Early infancy 
Over 2 years 

Heduced glucocerebrosidase Childhood or 
adulthood 

Acid mucopolysaccharide 
in urine 

Dermatan and h epara n sulpha te 

Hepara n sulphate 

l{era t a n 
Dermatan , (some hepa ran ) 

Nil 
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The skele tal findin gs in all the mucopolysaccha rid e disorders and th e 
mucolipidoses a re similar, a nd merely indica te tha t tl1ere is some ab­
norm ality of mu copolysaccha ride or glycop rotein metaboli sm. Differ­
enti al di agnos is of th ese diseases depends upon clinical informati on 
such as age of onset, presence or absence of mental reta rdation, type of 
inherit ance and the type of acid mucopolysaccharide in th e urine- this 
being absent altogether in the mu colipidoscs . Radiographic features 
sha red to a g rea ter or lesser ex tent by the g roup arc a large skull and 
shallow sell a turcica, broad anterior end s of the ribs with thick clavicles 
and scap ul ae; oval-sh aped ve rt ebrae with an anterior projection infe­
riorly ( though in Morquio disease platyspondyly is present); a wide 
iliac flare and dysplas ia of the femoral h eads. Other bones show ir­
regular modelling, and a pointed base of the mctaca rpal s is quit e char­
acteri sti c. Fibroblas t cultures grown from these patients show meta­
chromatic granul es on staining with toluidine blue, and it is interes tin g 
that cultures grown together from different patients in thi s sa me g roup 
of di seases will correc t each other 's metachromasia. In the future it will 
n o doubt be possible to identify each disease by id entifying each specific 
enzyme defi ciency. At the present tim e only one h as been discovered, 
the alph a-L iduron id ase deficiency in the Hurl er syndrome and a lso 
(the same enzyme) in the Scheic syndrome, perhaps du e to different 
mutations of the same gene. 

M LTJFACTORIAL DISOHDERS 

These arc caused by m any genes, polygcncs, together with the action of 
environment al factors. The characte ri s tic of thi s g roup, firs lly, is that 
the di sorders are quite com mon in the general population- indeed pro­
viding a la rge part of the o rthopaed ic surgeons' work: clubfoot, con­
genita l dislocation of the hip, spin a bifida and so on. Secondly, the ri sk 
of recurrence in a family is low. By "comm on" one means pcrhap · 1, 2 
or 3 per 1,000 births. The geneti c element is not s trong and th e ri sk of 
recurrence is typ ically on ly about 2- 5 %, ve ry much lower than th e 
risks in the unifactoria l disorders. In disorders of uni facto ri al inherit­
ance even single families may give va lu abl e info rmati on , but in mulli­
factorial disorders large, ca refull y planned family surveys arc needed 
before a ny pattern of inheritance emerges a nd figures for genetic co un­
selling can be obtain ed. It i impossible to give accura te figures for re­
currence risks, since each family must be consi dered separa tely; unlike 
the single gene disorders, the ri sks here arc variab le. In general term s, 
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if th e parents are n ormal and have had one child \Yith clubfoot, spina 
bifida or any m ember of thi s group, the probability of a second one 
being born with the sam e defec t is perhaps 2- 5 %. If th ey have already 
had two children with the defec t, or if one of the parent s has th e same 
anomaly, th en th e figures ri se s teepl y lo between 10 and .tO % . 'Vc are 
all familiar with "clubfool" fa)nilics, for exa mpl e. Th e more there arc 
in a famil y the more the re arc likely to be, thi s bein g one of the main 
charact e ri s ti cs of multifac torial inheritance. 

The main di sorde rs of orthopaedic importance likely to be of multi­
fa ctorial inheritan ce arc: 

I. VERTEBHAL COLUl\lN 
Neural tube defects (anen cephaly, spina bifida cys li ca ) (William­

son 1965, Carter et al. 1968, Carter & Evan s 1973 ) . 
Congenital scoli os is with multipl e vertebral defects ( 'Vynne-Davi cs 

1975 ) 0 

Jdiorathi c scoliosis ( though some cases may be of dominant in­
he ritan ce) (Cowell et al. 1972, Hi seborou gh & Wynn c-Davi es 
1973, Wynn c-Davics 1973 ) . 

Spondylolisthesis (Wilt se 1962 ). 
Anl.:ylosing spondyliti s (S tcchc r & J-I crsch 1955 , Blcco urt cl al. 

1961, Emery & Lawrence 1967 ). 

II. HIP JOI NT 
Congenital dislocation of the hip (Record & Edwards 1958, Carter 

& Wilkinson 1 96-t, W ynn c-Davics 1970 ) . 
Pe rt hcs' di sca ·c ( Fi h er 1972, Gray c l al. 1972 ). 
Slipped upper fem oral epiphyses ( Hcnni c 1972 ). 

Ill . LlMBS 
Tal ipcs cquin o 'aru s, calcaneo-valgus and m etatars us varus 

( W ynn c-D:wics 1965, Ching cl al. 1969, Chung e t al. 1969 ). 

In mos t of these disorders th ere is nothing new to add to well-estab­
lished data on gen e tic and environm ental factors. There are jus t two 
poin Is of particular no le: 

( i ) Th e n eural tube def ec ts and congenital scoliosis. It has been 
known for many years that spina bifida with mcningococlc (with or 
without h ydrocephalus) is acliologically related to anencephaly, be­
cause both types of defec t occur in the same families. A recent survey 
from Edinburgh and London by W ynne-Davics (1973 and 1975) has 
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shown that patients from congenital scoliosis clinics with multiple 
vertebral defects belong to the same aetiological group, whether or not 
there is spina bifida occulta or any spinal cord defect. All these families 
have a much increased risk of a subsequent child being born with any 
one of these defects- anencephaly, spina bifida cystica or multiple 
vertebral anomalies only. 

The solitary, isolated defects of one hemivertebra or the limited an­
terior vertebral body defects associated with kyphoscoliosis appear to 
be sporadic, non-genetic events, carrying no risk to sibs. 

(ii) Ankylosing spondylitis. There have been many family surveys of 
this condition over the past 25 years and it is well established that in­
creased numbers of relatives of index patients suffer from the same 
condition, the likelihood being that multiple genes are involved as well 
as environmental factors. Recently, Brewerton et al. (1973) reported 
that a very high proportion (90 % ) of patients with ankylosing spondy­
litis have the HL-A27 antigen. This means that individuals who possess 
the gene for this antigen have an increased probability of developing 
the disease, compared with the population who do not have HL-A27. 
The picture is not yet complete, but at least one gene in the system 
causing ankylosing spondylitis li.as now been identified. 

THE CO~TROL OF GENETIC DISEASE AND 

A N TE-N A T A L D I A G N 0 S I S 

Until fairly recently the only possibility of controlling genetic disease 
was by giving advice to parents relating to the probability of another 
child being born with the same defect, leaving to them the decision as 
to whether or not to have another child. This sort of genetic advice is 
still important, but the need for accuracy is even greater now that 
ante-natal diagnosis is becoming possible in a number of disorders and 
selective abortion in the early stages of pregnancy can be considered. 
There is no doubt that there will be a reduced number of children horn 
with serious defects in the immediate future, as a result of new tech­
niques for analysing the amniotic fluid and the mothers' serum in early 
pregnancy. It is possible safely to withdraw some amniotic fluid from 
about the 15th week of pregnancy, lhere not being sufficient until this 
time. The fluid itself is of maternal origin (not primarily foetal urine, 
as has been thought in the past; the proteins in it are nearly all derived 
from the mother). It is not, therefore, (with one major exception) use­
ful for diagnosing disease in the child. However, the cells floating in the 
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fluid a re of foetal origin (desqu ama ted epitheli al cell s and so on ). 
These can be examined in order to determine the sex of lhe foe tu s, any 
chromosome an om alies , and (aft er culture) enzyme defec ts in certain 
inborn errors of metaboli sm . Current practice in anten a ta l di agn osis is 
a t p resent confined to four groups of disorder s : 

(i ) Down's syndrom e ( trisomy 21, m ongolism ) . This can be di ag­
nosed in the 14th or 15th week of p regnancy by examing the chromo­
somes of foe tal cells . If tri so my 21 is found, abortion can be offered to 
the pa rents. Thi s tes t is currenlly in use by m any obste tricians for all 
pregnan t women over the age of 35 or 40 years, since the diso rder is 
parti cul arly common amongst older mothers . 

(i i ) X-linked recess ive disorde rs . Diagnosing the sex of a foe tus is 
import ant in the X-linked recess ive disorders. A mother who is a carrier 
of, for example, h aemophilia or Duch enne's muscul ar dys trophy knows 
there is a 50 % ch an ce th a t if she h as a son he will h ave the disease. It 
m ay be possible ant ena tally to detec t the a ffec ted m ale, or sh e could 
elec t to h ave only daught ers ' (h alf of whom will al so be carriers, but 
will n ot themselves be diseased ) . Conversely , it is also possible that a 
m an with h aemophilia could elect to h ave only sons- who will a ll be 
norm al as they ca rry only hi s Y chromosome, whereas all his daughter s 
would be carriers. 

(iii ) Inborn errors of m etabolism. There ar e a few rare metabolic di s­
order s which can be diagnosed on cultured foetal cell s before the 20th 
week of p regnancy and abortion offered if the foetus is affec ted . In 
practi ce, this is a ve ry small pa rt of ant en a tal d iagnosis work at p re­
sent, an d it is only after one such child h as been born to pa rents each 
ca rryin g a recess ive gene, th a t the family becomes known as a "hi gh 
ri sk". Subsequent p regnancies can then be screened and abortion of­
fered if indi ca ted. 

Thi s fi eld , however, h as g rea t cope for developmen t and it should 
ultim ately be possible, by sc reen in g all p regn an cies, to eradi ca te th ese 
recess ively inher ited enzyme d isorders. 

(iv) Ne ural tu be de fects . A m aj or addition to the fi eld of possibl e 
a ntena tal diagnoses are the "open" neural tube defec ts of anencephaly 
and spina bifida cys tica . Here the cerebro-spinal fluid is leaking into 
the amniotic fluid and large quantities of a " new" protein- " alph a­
fetoprotein"- can eas ily be identified, as first described by Brock & 
Sutcliffe (1 972). It is poss ible tha t this is a sort of foe tal albumin, since 
its level decreases as true albumin increases . Resea rch is currently 
being di rec ted to identifying this p rotein in the mother 's serum (wh ere 
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the concentration is about one hundred lim es less than in amnioti c 
fluid ) (Brock et al. 1973 ). Th e ' closed' spina bifida les ion s and multipl e 
vertebral anomalies belong in th e same aetiological group, but ca nnot 
be identifi ed pre-nalally beca use the re is no leakage of cerebrospinal 
fluid. However, these families are at risk of having subsequent children 
with an 'open' les ion, and th ey may reques t inves tigation . 

These neural tube and vertebral defec ts arc the commonest of all 
congenital malformations kno\Yn to man . The discovery of alpha-felo­
prolein and the poss ibility that we may, in future, be able lo diagnose 
some of these conditions by mat ernal blood tes ts, gives a g rea t p otential 
for reducing th e numbers of severely de form ed children. 

SUMMARY 

A review of di so rders with a known genetic basis whi ch occur in ortho­
paedic practice is presented . Four groups of skeletal dysplasias arc 
briefly described (short-limbed dwarfism, metaphyseal di sord ers, dis­
orders of increased bone density and the s torage diseases). Amongst the 
multifactorial defects, th e aetiological re lationship of congenital scolio­
sis with mullipl e vertebral anomalies to th e neural tube defect s is 
noted, as well as the high proportion of ankylosing spondylitis patients 
with HL-A27 antigen. A summary of current practice in antenatal diag­
nosis is given, including modern m ethod s of detecting open n eural tube 
defects by es timating alpha-fe toprotein. 
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