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SUMMARY This survey reviews the diagnosis (predominantly radiological) of 32 cases of
pseudoachondroplasia from 26 kindreds and illustrates the natural history and varying appearance

of the disordered bone growth from infancy to adult life.
In addition, an attempt has been made to detect phenotypic differences between autosomal

dominant and recessive types (excluding isolated cases), analysing 10 kindreds of dominant
inheritance (three in the current survey, seven from published reports) and six of recessive
inheritance (three in the current survey, three from published reports). There appears to be no

clinical or radiographical feature which clearly distinguishes them, but, using height as a criterion
of severity, among those with autosomal recessive inheritance there was a disproportionate
number of the most severely affected cases and there also appears to be very little intrafamilial
variation. It is possible that pseudoachondroplasia can be subdivided into autosomal dominant
mild and severe and autosomal recessive mild and severe, but full delineation must await
elucidation of the basic defect at biochemical and molecular levels.

Pseudoachondroplasia is one of the more crippling
forms of short limbed dwarfism, involving both
epiphyses and metaphyses during the growing period
and resulting in severe premature osteoarthritis, but
with normal intelligence and life span. It is likely to
be rather less than half as common as true achondro-
plasia. It was first described in 1959 by Maroteaux
and Lamy.' Both autosomal dominant2-8 and
autosomal recessive9 forms have been described.
Although Hall and Dorstt2 suggested classification
into four types, two autosomal dominant and two
recessive, the present authors have had difficulty in
distinguishing between them on a clinical and
radiological basis, much depending on the age at
which the patients were examined and radiographs
obtained.
The aim of the current survey was first to review
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known autosomal dominant and recessive cases (that
is, excluding the isolated cases) in an attempt to
detect phenotypic differences, and secondly to review
the progress and natural history of all cases,
particularly in relation to the changing radiological
picture, thus hoping to establish criteria for diag-
nosis at different ages. There has been no oppor-
tunity for microscopical examination of tissues.

Summary of diagnostic features

The patients have normal intelligence and a normal,
or nearly normal, facial appearance. Short stature is
not necessarily apparent at birth and the dispro-
portionately short limbs may not be diagnosed until
2 or 3 years of age. Adult height lies between 90
and 145 cm. Deformities are those of secondary
osteoarthritis, but in addition some patients have
marked joint laxity and instability. Radiography
shows a normal skull, sometimes anterior beaking of
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vertebrae, and perhaps odontoid dysplasia, but the
spine may also appear normal. The long bones show
marked flaring and irregularity of metaphyses with
delayed maturation of epiphyses, which are small,
irregular, and fragmented when they do appear. The
most valuable diagnostic radiograph is of the pelvis,
where the triradiate cartilage and whole acetabulum
are strikingly delayed in their maturation, remaining
wide and irregular for longer than in any other
skeletal dysplasia.13

Material and methods
Thirty-two patients were ascertained through the
Skeletal Dysplasia and Genetics clinics at seven
centres (see acknowledgments). Pedigrees were ob-
tained and clinical examination carried out to
confirm the diagnosis, note spine and joint deformity
or hypermobility, and record the patients' current
disabilities. Measurements were taken of height,
span, and upper and lower segments (head to pubis
and pubis to heel). Radiographs of skull, spine, pelvis,
and long bones were obtained and, where possible,
assessed at several different stages. For some
patients, personal examination by one of the authors
was not possible and assessment was based on review
of existing clinical and radiological records.

In addition, published reports were reviewed for
cases of probable autosomal dominant or recessive
inheritance, that is, with an affected parent or child
or an affected sib with normal parents. Thus, the
following patients were assessed with such clinical
and radiographic material as was available in the
original publications.
Presumed autosomal dominant: Maloney,2 father and
three daughters; Wadia,3 mother and two daughters;
Lindstrom,4 father, son, and daughter; Lachman et
al,5 large affected family, one male and one female
assessed here; Kozlowski,6 father and son; Hesselson
et al,7 mother, son, and daughter; Fontaine et al,8
father and two daughters.
Presumed autosomal recessive: Hall and Grossman,9
two brothers and one sister; Hesselson et al,7 two
brothers; Grether et al,'0 brother and sister.

The four sibs previously reported by Dennis and
Renton"1 have been reassessed and are included in
the 32 patients in the present survey. The brother and
sister reported by Hall and Dorst"2 and originally
believed to show autosomal recessive inheritance
have not been included since one has now had an
affected child suggesting gonadal mosaicism (J G
Hall, 1985, personal communication). Nor has the
family reported by Ford et a114 been included, since
the diagnosis in the father of the affected sibs was
uncertain.

Results

SEX RATIO
There were 20 males and 12 females in the current
survey, the excess of males being among the isolated
cases.

GENETICS
Twenty-one cases were isolated, but one of these (a
male) had consanguineous parents and is thought
likely to be of autosomal recessive inheritance.15
Two further index patients are thought to be of
autosomal recessive inheritance, one with three
affected sibs"1 and one with an affected brother. All
had normal parents.
Three index patients are likely to represent

autosomal dominant inheritance, one with an
affected father and one an affected mother (both
included in this survey) and one with an affected
father and brother, not included in this survey since
information was too incomplete.
Of the 20 isolated cases without consanguineous

parents, the paternal age at birth was known for 14,
the mean value being 32-5±8-94 (1 SD) years. To
determine whether this was significantly raised, it
was compared with a control mean using Student's t
test. Since the mean age of these 14 cases was
16 years, the mean parental age for all births in
England and Wales in 1969 was used as a control
mean. This was 28*94 years,16 giving a value of
t=1-49 and p=f*01. Thus, no significant difference
has been demonstrated, although there is a suggestion
of a paternal age effect which could well be signi-
ficant for a larger sample.

CLINICAL FEATURES
In only two cases was any abnormality noted during
the neonatal period, both infants having dispro-
portionately short limbs. A further four patients were
identified during the first year of life, 21 between the
ages of 1 and 3 years, and five at the age of 4 or older,
these last all being over the age of 21 years now. The
presenting feature was variable: short stature, or
more specifically short limbs, was the commonest,
followed by painful joints, with or without deformity
and contractures (fig 1). Three patients were first
noted to have short limbs following the diagnosis in
an affected relative.
No characteristic facies was noted. Extraskeletal

associated anomalies were few: one patient each
with bilateral inguinal hernia, undescended testes,
and myopia. All other deformities and complications
were directly related to the disordered bone growth
or to joint hypermobility. Scoliosis was common, but
in no instance very severe. Thoracic or thoraco-
lumbar curves were seen in 14 patients, all but one
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current survey and seven of the familial published
cases, but both birth weight and length of gestation
seemed unremarkable.

STATURE AND BODY PROPORTIONS
- Adult height for 10 study patients varied from 96 to

142 3 cm with mean value of 128-5 cm (SD= 15 cm).
This compares with a mean value of 118-83 cm
(SD= 12-2 cm) obtained in a large American survey
of 30 adult patients.17 The mean ratio of height to
span for these 10 adults was 1 15 (ranging from 099

/ to 1-45) and of upper to lower segment was 1-37
(ranging from 1-07 to 2-10).

RADIOGRAPHICAL FEATURES
These differed in no way from those previously
reported and summarised in the introduction. How-
ever, not all the abnormal features were found in each
patient, nor were they necessarily present at all ages.
The variable findings were as follows.

Skull
This was nearly always normal. Three patients

FIG 1 Boy of 4 years with flexion contractures of elbows,
hips, and knees as well as disproportionately short limbs.

being over 9 years of age. There was one patient each ,

with pectus carinatum and pectus excavatum.
Lower limb malalignment was common, usually

genu or tibia varum (10 patients), but three had
severe genu valgum. These deformities were as much
associated with laxity of the knee ligaments as with
asymmetrical growth of the lower femoral and upper M
tibial epiphyses. Curiously, ligamentous laxity at the
knee joint could be localised either to the lateral or to
the cruciate ligaments, and when severe was a most
crippling feature. It was present in eight patients, but
in two others there was a fixed flexion deformity of
the knee. A more generalised joint laxity (at least
three pairs of peripheral joints affected) was present
in half the patients examined, but hypermobility of
the elbow joint was never found, and half the patients
had a fixed flexion deformity here.

Problems and disabilities were almost invariably
present at all ages, only six patients admitting to
none. In the early years joint pain, limitation of
movement, disabling hypermobility, and leg mal-
alignment were the features, and all patients over the
age of 21 years had well established osteoarthritis in
multiple joints, predominantly the hips and knees.

BIRTH WEIGHT
This was available for only 10 of the patients in the

FIG 2 Age 3 years 9 months. Complete absence of the
odontoid process. There is no projection above the body of
the atlas.
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(father and daughter and one isolated case) had
anterior elongation of the pituitary fossa, but this
could be a normal variant.

Mandible/teeth
These were normal in all but one patient, who still
had his first dentition at the age of 9 years.

Odontoid process
Odontoid hypoplasia or absence could not be
diagnosed before the age of 3 years. Radiographs
were available for 19 patients after this, and in three
the odontoid was absent (16 %) (fig 2), in eight it was
hypoplastic (42 %), and in eight entirely normal
(42 %).

Lateral view of the spine
Biconvec vertebrae (fig 3). This is the appearance in
the normal infant at birth, the vertebrae then
becoming rectangular during the first year or so of
life. In the pseudoachondroplasia patients, the bi-
convexity persisted in some cases to 12 years of age,
and in all until the age of 6 years, gradually
disappearing from then on.

FIG 3 Age 18 months. There is marked biconvexity of the
vertebral bodies, abnormalfor this age. Pedicles are long.

Anterior tongue. This feature could be present from
birth, disappearing, like the biconvexity, between the
ages of 6 and 12 years (fig 4).

Triangular shape (apex forwards). This feature was
found in only one-third of patients and was not seen
before the third year nor after the age of 12 years (fig
5).

Platyspondyly. With the loss of the biconvexity, one-
third of patients developed abnormally flattened
vertebrae, this persisting into adult life. The remain-
ing two-thirds had vertebrae of normal height (fig 6).

Irregularity of upper and lower surfaces. In most
instances, the upper and lower surfaces of the
vertebrae were smooth, but between the ages of 3 and
12 years of age about half the patients had some
evidence of irregularity, this persisting in about one-
third of adults.

Pedicles. Under the age of 6 years, one-third of
patients had unusually long pedicles (figs 3 and 4),
but their growth then seemed to slow. Between the

FIG 4 Age 3 years 10 months. There is a trace of
biconvexity of the vertebral bodies, but the more obvious
feature is the protruding tongue anteriorly.
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FIG 5 Age 10 years. Triangular vertebral bodies, apex
anteriorly. This appearance was not seen before 3 years nor
after 12 years ofage, and was present only in one-third of
patients examined.

ages of 13 and 18 years, two-thirds of patients had
abnormally short pedicles and radiographs taken in
adult life showed five-sixths of them with short
pedicles (fig 6), raising the question of possible
spinal stenosis in these patients, as in classical
achondroplasia.

Anterior view of the spine
Scoliosis and platyspondyly (fig 7) were confirmed
when present. The interpedicular distance between
the first and fifth lumbar vertebrae was normal in
three-quarters of patients at all ages. In the remain-
ing quarter, there was, slight narrowing only.

Thorax and shoulder
The posterior ends of the ribs at their articulation
with the vertebrae were found to be markedly cupped
in nearly all patients during the growing years, this
sign diminishing after the age of 13 years. The lower
angle of the scapula was slow to develop in early
childhood, but all cases were normal by the age of 9

FIG 6 Age 34 years. The vertebral bodies are normal, but the
pedicles are abnormally short.

years (fig 8). The clavicles were noted as short in one
patient between the ages of 3 and 9 years but after
this age six patients appeared to have unusually long
and straight clavicles.
The upper humeral metaphysis was flared with a

medial beak in half the patients under the age of 9
years (fig 9), but after this age the typical appearance
was a hatchet-shaped deformity with a flattened
humeral head (fig 10).

Pelvis and hip joints
The most characteristic feature of this disorder was
found to be the widening and slow development of
the triradiate cartilage, a sign invariably present
under the age of 3 years, and in all but five patients
up to the age of 12 years (figs 11 and 12). After this,'
ossification occurred, leaving in some instances a
shallow acetabulum and in others protrusio aceta-
buli. The pubic and ischial bones were slow to
develop, only being completely ossified in all patients
by the age of 9 years.
Coxa vara was present in three-fifths of patients

after the age of 9 years and only one instance of coxa
valga was noted. The capital femoral epiphyses were
invariably late in appearing and very slow to
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N.'A.

FIG 7 Adult. In contrast to fig 6, these vertebral bodies are

flattened (platyspondyly), afeature shown in only one-third
of the patients. Mild scoliosis is present.

FIG 8 Age 4 years. Marked cupping of the posterior ends of
the ribs and the lower 'angle' of the scapula is cut short,

indicating slow development.

FIG 9 Age 4½2 years. The upper humeral metaphysis is
flared with a medial beak. Some flaring also of the
metaphyses around the elbow joint.

develop, remaining at the size appropriate to a 6
month old child for six years or longer. The femoral
neck appeared short and beaked in nearly all patients
up to the age of 12 years (fig 13).

Knees
These showed the expected features of small, late
appearing epiphyses and flared, ragged metaphyses
(fig 14). All patients over the age of 15 years showed
well marked signs of osteoarthritis. A long fibula at
the knee was present in two-thirds of patients (fig 15).

Forearm
Only three patients had particularly short forearm
bones (a short ulna with bowing of the radius).

Hands
All had short, stubby long bones and most patients
showed proximal pointing of the metacarpals, but,
unlike the mucopolysaccharide disorders, not in-
variably of all four medial bones. This feature was
present in infancy and early childhood, but had
disappeared by the age of 9 years (fig 16).
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Comparison of features in autosomal dominant and
recessive families

All clinical and radiographical findings, as noted in
the previous section, were compared in the 14
patients (six kindreds) likely to be of autosomal
recessive inheritance (seven in the current survey,
seven previously published) and the 25 (ten. kindreds)
of autosomal dominant inheritance (five in the
current survey, 20 previously published) There were
no signs consistently present only in one or the other
group: that is, on clinical grounds we believe
dominant and recessive types cannot be differen-
tiated However, there was some indication that
those patients most severely affected were of auto-
somal recessive inheritance, although it must be
stressed that others in the recessive group were in no
way different from those of known autosomal
dominant inheritance.

Discussion

r

FIG 10 Age 19 years. Typical hatchet shaped upper
humerus, causing considerable limitation ofmovement at this
joint. Lateral bowing of the shaft is present.

It is likely that most patients with pseudoachondro-
plasia show autosomal dominant inheritance. This
statement is based on review of published reports
and the suggestion of a paternal age effect as noted
for the isolated cases of this study, six of whom were
born to fathers aged 35 years or over.
However, there is considerable evidence to support

autosomal recessive inheritance in some instances.
Three sibships have been reported with multiple

FIG 11 Age 3 years 8 months. The triradiate
cartilage is largely unossified, thefemoral
capital epiphysis minute, and thefemoral neck
slightly beaked. There is also delay in
ossification in the pubic and ischial rami.
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FIG 12 Age 7 years. The ossification of the
triradiate cartilage has progressed, but the
acetabulum still appears V shaped. The
femoral epiphysis is unchanged, being
approximately that ofa 6 month old child. The
ischial and pubic rami have progressed only a
little in 32 years.

FIG 13 Age 11 years. Ossification of the
acetabulum has progressed, but it is still
essentially triangular. The capitalfemoral
epiphysis isfragmented and more appropriate
in size to a I year old child. Thefemoral neck
is short and beaked.

I
... ...

affected sibs born to healthy parents,9-" and in this
survey an additional sibship consisting of two
affected brothers has been encountered. Stob et al18
also refer to an affected brother and sister with
unaffected parents. In addition, isolated cases born to
incestuous'9g and consanguineous"5 parents have
been described.

Clinically and radiographically, nothing has
emerged which clearly distinguishes between domi-
nant and recessive cases. However, consideration of
the heights of published familial cases (fig 17)

indicates that autosomal recessive inheritance
features disproportionately among the most severely
affected persons. It was originally suggested'2 that
pseudoachondroplasia could be subdivided into
autosomal dominant mild and severe and autosomal
recessive mild and severe. Review of fig 17 indicates
that this may well be a valid subdivision.

Fig 17 also reveals that there is very little
intrafamilial variation, using height as the criterion
for degree of severity, indicating that the disorder

-.'breeds true' within a family. This tends to conflict
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FIG 14 Age 6 years. The knee shows small epiphyses for
this age withflared, ragged metaphyses. Thefibula is
abnormally long. FIG 16 Age 6 years. All the hand long bones are shortened

and stubby. There is pointing of the bases of the 3rd and 4th
metacarpals, similar to the MPS disorders, but only
irregularly seen in pseudoachondroplasia, and not invariably
ofallfour medial metacarpals.

1401

-

,IIh

FIG 15 Age 39 years. Severe osteoarthritis of the knee, with
malalignment and a longfibula.

Age (year)
FIG 17 Heights offamilial cases plotted on growth curves
for pseudoachondroplasia (mean, I SD) as derived by
Horton et al. 17 Numbers refer to families. I =Dennis and
Renton" as updated in this survey. 2=Hesselson et al.7
3=Grether et al. 0 4=Hall and Grossman.9 5=Fontaine
et al.8 6=Lindstrom.4 7=Wadia.3 8=Maloney.2
9=Dominant family ascertained in this survey.
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with Rimoin's view20 that clinical severity alone
cannot be used to document genetic heterogeneity
in pseudoachondroplasia. He noted intrafamilial
variation in two families, with differing lower limb
deformities in one (varum and valgum) and different
pattems of limb shortening (mesomelic and rhizo-
melic) in the other. Adult heights, however, as judged
by the clinical photographs, did not appear to differ
noticeably and varus and valgus can be secondary
deformities and not a measure of the basic defect

Clearly, the full delineation of subtypes of pseudo-
achondroplasia must await elucidation of the basic
defect at both biochemical2' and molecular levels. In
the meantime, the authors believe that the available
evidence provides support for the existence of at least
one autosomal recessive entity.
On the clinical findings it is evident that more

cases are now being diagnosed at an earlier age,
although the disorder is usually not apparent at
birth. The radiographical findings change markedly
with age and from patient to patient, the most
variable areas being the spine (particularly the lateral
view) and the pelvis. No radiographical features have
been identified which distinguish reliably between
dominant and recessive cases.

We are most grateful to the physicians and surgeons
for referral of patients and permission to study
records at the following hospitals: The Hospital for
Sick Children and St Thomas's Hospital, London
(19 patients); Princess Margaret Rose Orthopaedic
Hospital, Edinburgh (seven patients); Robert Jones
and Agnes Hunt Orthopaedic Hospital, Oswestry
(two patients); Leicester Royal Infirmary, Leicester
(two patients); Westem Infirmary, Glasgow (one
patient); Harlow Wood Orthopaedic Hospital,
Mansfield (one patient). This survey would not have
been possible without a grant from the St Thomas's
Hospital, London, Endowments (Research) Com-
mittee. We also acknowledge with thanks permission
to use the graph shown in fig 17 from the Editor of
the American Journal of Diseases of Children and the
authors of reference 17.
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