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A mild form of pseudoachondroplasia : minimal epi-metaphyseal involvement of long bones
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Introduction

Pseudoachondroplasia (PSACH) was first defined as
a separate disorder among a group of spondylo-epi-
physeal dysplasias in 1959 by Maroteaux and Lamy

[1] . The diagnostic criteria include normal skull, dis-
proportionate short stature with normal trunk and short
limbs, anterior tongue-like protrusion and biconvex-
ity of the vertebral bodies and epi-metaphyseal
dysplasia during growth [2] .

One problem in diagnosing PSACH is that the char-
acteristic changes of the vertebral bodies invariably
disappear around the age of 10 [3] . Subsequently,
an adult case might be misdiagnosed as MED,
Fairbank type, though it is generally believed that the
latter is less radiologically severe and that height of
the affected individual is greater than in PSACH [3]

We present a case with minimal epi-metaphyseal in-
volvement of long bones in spite of the typical change
of the vertebral bodies. Since the overlap between
PSACH and MED has recently been discussed from
the viewpoint of molecular biology [4,5] , study of
the spectrum of clinical features of PSACH is valu-
able.

Case History

The propositus was a 3-year-old girl (Y.T.} referred
for her short stature. There were no relatives with short
stature. Her birth weight was 3075 g and she began
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walking at 20 months. Facial appearance and mental
staius were normal.
At the age of 3, she was 88 cm tall (+0.1SD of a
standard Japanese gir]} with an arm span /body height
of 0.89. The short limb type of short stature became
apparent thereafter, and at the age of 10 her height
was 119 em (-2.58D) and arm span / body height
was (.92. Among PSACH patients, however, her short
stature was not severe ; her height corresponded to
+25D on the growth curve of PSACH by Horton et al.
[6] . There was general joint laxity but no gross de-
formity in extremities including the hands.
Radiographs at age 3 revealed an anterior tongue-like
protusion and biconvexity of the vertebral bodies,
which are characteristic of PSACH (Fig. 2A) . The
epi-metaphysea] abnormalities of the proximal and
distal femur and the proximaj tibia were minimal from
3 to 10 years in comparison with those in typical
PSACH patients during their growth period.
Malalignment around the knee joints such as genu
varus did not develop during this follow-up period .
Radiographs of the hands showed some epi-
metaphyseal abnormalities and shortness of the long
bones from 3 to 8 years, but the degree of the abnor-
malities was less than that of typical PSACH patients
; the epiphyses were not small, the metaphyses were
not flared and long bones were not stubby (Fig. 2E)
. There was also no delay in development of the car-
pal bones at the age of 3 and 8 in this case, unlike the
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typical PSACH patients .

Discussion

PSACH is known to vary widely in severity. Short
stature is not apparent untill 3 years of age, and there-
after the growth curve deviates from the standard.
Deviation in this case was less than that of typical
PSACH, the smallest among our 16 patients with this
affliction from 3 to 10 years of age, and +25D on the
PSACH growth curve at 10 years. The radiological
changes in this case were also milder than those of
typical PSACH in spite of the typical vertebral
change ; the epiphyses are not too small, the
metaphyses are not too flared and shortness of the
long bones is not as apparent from 3 to 10.

McKeand et al.
PSACH patients have bowleg deformity, which de-

[7] reported that 84 percent of

velops after walking begins and advances between 5
and 15 vears of age [8] . In this mild form, no
malaligment around the knee joints was seen from 3
1o 10 years.

These physical and radiological findings are less se-
vere than those reported as mild form in the literature
[9, 10] except for one reported by Maroteaux et al
[11] . Although one problem in making a diagnosis
of PSACH is that the mild form of an adult case might
be misdiagnosed as MED, Fairbank type, the cases
reported by Maroteaux et al. and this one by us might
not have been diagnosed only as PSACH but also even
as MED, Fairbank type after the typical changes of
the vertebral bodies had disappeared.

The overlap between PSACH and MED has been
discussed ; Maroteauxetal. (1980) [11] andStanscu
etal. (1982)
normal materials in rough endoplasmic reticulum in

{12] reported the accumulation of ab-

cartilage cells in patients with PSACH and similar
ultrastructural findings were found in the severe form
of MED, Fairbank type in 1993 [13] . More recently
it has been shown that mutation in COMP gene causes
both PSACH and MED [5] , and PSACH and MED,
Fairbank type, were also shown to be allelic disor-
ders [4, 5] . These molecular and genetic findings
suggest the importance of determining the spectrum
of clinicaj features of PSACH. This case is important
because it shows the mildest end of the reported spec-
trum. The presence of such a mild form as described
here also means that in evaluating the results of ge-
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netic molecular findings we should pay attention to
the clinical evidence on which the diagnosis is made.
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Novel and recurrent COMP (cartilage oligomeric matrix protein) mutations in
pseudoachondroplasia and multiple epiphyseal dysplasia
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Introduction

Pseudoachondroplasia (PSACH) is a relatively common
skeletal dysplasia characterized by short-1imbed short stat-
ure with normal facies and intelligence (Maroteaux and
Lamy 1959; Hall and Dorst 1969). Its clinical features
include joint laxity, Iimitation of the movement of joints,
severe bony deformities, and early onset of osteoarthroses;
radiographlc features include platyspondyly with anterior
beaking of the vertebral bodies and generalized dyspla-
sias of epiphyses and metaphyses of the long and short
tubular bones (Wynne-Davies et al. 1986). This syndrome
exhibits considerable clinical and genetic heterogeneity;
Hall and Dorst (1969) distinguished four varieties of
PSACH on the basis of severity of disease and mode of
inheritance, i.€., the Maroteauvx-Lamy (severe) and the
Kozlowski (mild) types, each being subject to either av-
tosomal dominant or recessive inheritance. However, re-
cent clinical and molecular studies have demonstrated
gonadal/somatic mosaicism in PSACH families that were
originally considered to represent autosomal recessive
inheritance, suggesting that auto-somal recessive inherit-
ance is unlikely (Hall et al. 1 987; Hecht et al. 1995).
Multiple epiphyseal dysplasia (MED) defines a group of
dominantly inherited skeletal dysplasias involving epiphy-
ses of the long and short tubular bones. MED also exhib-
its considerable clinical heterogeneity. This disorder ap-
pears in two forms, i.e., severe {Fairbank type; Fairbank
1947) and mild (Ribbing type; Ribbing 1 955). Although
MED patients do not show the significant metaphyseal
and vertebral dysplasias characteristic of PSACH, their

epiphyseal mani-festations are very similar. Because of
the broad phenotypic overlap between the two conditions,
they are now considered to represent a continuous spec-
trum of disorders, being categorized as a family of skel-
etal dysplasias (Spranger 1988).

Genetic linkage of mild (Briggs et al. 1993) and severe
(Hecht et al. 1993) forms of PSACH, respectively, has
been demonstrated to a locus in the pericentromeric re-
gion of chromosome 19. A subsequent candidate-gene
approach revealed that mutations of the gene encoding
cartilage oligomeric matrix protein (COMP) were respon-
sible for PSACH (Briggs et al. 1995; Hecht et al. 1995).
Furthermore, COMP mutations were also ideatified in
patients with Fairbank (Briggs et al. 1995) and Ribbing
(Ballo et al. 1 997) types of MED. These findings indi-
cated that PSACH and MED are allelic, and that muta-
tions of the COMP gene can produce a wide spectrum of
manifestations from severe PSACH to mild MED. How-
ever, the ful]l extent of COMP mutations, and possible
phenotype-genotype relationships, are unclear because
so few mutations have been identified; we are aware of
only 15 previously documented COMP mutations, ten
of them in PSACH patients (Briggs et al. 1995, 1998;
Hecht et al. 1995; Susic et al. 1997) and five in MED pa-
tients (Briggs et al. 1995, 1998; Ballo et al. 1997; Susic
etal. 1997).

To characterize additional COMP mutations and inves-
tigate possible phenotype-genotype correlations, we
screened the COMP gene in 15 patients with PSACH or
MED, by direct sequencing. We report here the identifi-
cation of ten mutations, seven of them novel, and pro-
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vide ev-idence to indicate a correlation of genotypes with
phenotypic manifestations.

Materials and methods

Patients

Patients were identified and followed at special clinics
for skeletal dysplasias in the National Rehabilitation
Center for Disabled Chil-dren, the Saitama Children's
Medical Center, or the Dokkyo University Hospital. Di-
agnosis of PSACH was made on the basis of clinical and
radiographic examinations. Criteria were (1) short-limbed
short stature, not identifiable at birth but recognized in
early childhood; (2) normal facies and intelligence; (3)
joint laxity, Iimitation of the movement of joints, and
severe bony deformities; (4) platyspondyly with anterior
beaking; and (5) generalized dysplasias of epiphyses and
meiaphyses of the long and short tubular bones. Diagno-
sis of MED was also made on the basis of clinical and
radiographic criteria, including generalized dysplasias of
epiphyses of the long and short tubular bones and the
absence of spinal dysplasia.

Fifteen patients were included in the study; ten of them
were diag-nosed as having PSACH, and five as MED.
None had family histories of the disease except for two
of the MED patients. On the basis of the severity of the
disease, the PSACH patients could be divided into the
severe and mild types. Four PSACH patients were clas-
sified as the se-vere type, six the mild type. The heights
of PSACH patients of the se-vere type were below -6
SD, and those of the mild type, between -4SD and -25D.
Limitation of the movement, and the deformities of the
joints were more severe in the severe type. However, ra-
diographs showed no significant qualitative difference
between the two types.

DNA samples and polymerase chain reaction (PCR)

Blood samples were obtained from patients and mem-
bers of their families with informed consent. Genomic
DNA samples were extracled by standard procedures and
amplified by the PCR. For exons 10 and 13 of the COMP
gene, primers were as described previously (Briggs et al.
1995; Hecht et al. 1995). Other exons were amplified by
sets of primers designed according to the published
COMP cDNA sequence {1.32137 in GCG) and its ge-
nomic structure reported by Briggs et al. { 1995). Primer

sequences for exon 9 were i7i9/F (sense): 5'-
TTGAGGCCGGCTTGGGTG-3' and i7i%R (anti-sense):
5'-CCCGTAGATCTACCTTTTCATTGGG-3". Primer
sequences for exon Il were i 10il I/F (sense): 5'-
CATCCTAATGAAGTCATTCTGGC-3' and il0ill/R
{anti-sense): 5-ATCCAACTTGCAGTTCACCC-3".
Primer sequences for exon 14 were e 14/F (sense): 5'-
GACGTGTGCCAGGA-CGACTT-3' and el4/R (anti-
sense); S-CCCACCTGGTrGAGCAC-CAC-3". The PCRs
were performed with the Takara exTaq system (Takara
Shuzo, Otsu, Japan) according to the instructions of the
manufacturer, in a total volume of 25 g1 using as tem-
plates 50 - 100 ng of each genomic DNA sample. The
PCR coaditions were as follows: initial de-naturation
(94°C, 2 min) followed by 35 cycles of denaturation (94°C,
30 ), annealing (55°-63°C according to the Tm of the
primers, 30 s), extension (72°C, 30 s), and final extension
(72°C, 5 min).

Nucleotide sequence analysis

The PCR products were purified by Ultrafree-MC
(Millipore) and sequenced directiy by means of the
AB1377 automated sequencer and the Prism Ready Re-
action DyeDeoxy Termminator Cycle Sequencing Kit (ABD).
For confirmation of mutations, PCR products were
subcloned to T-vector (Invitrogen) and sequenced by the
automated sequencer using M 13 universal primers. Nucle-
otide sequences were determined on both strands.

Restriction digestion of PCR products

The PCR products were digested for 6-8 h with 10-20 U of
each appropriate restriction enzyme per microgram of
DNA, at the optimal temperature for each enzyme, then
electrophoresed on 3% or 4% NuSieve GTG agarose gels
(EMC, Rockland, Me., USA).

Results

Ten COMP mutations were identified, nine for PSACH
and one for MED. Three mutations comprised a 3-bp de-
letion, and the remaining seven were all missense muta-
tions.

Identification of a recurrent COMP mutation

in patients with severe PSACH
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Direct sequencing of exon 13 of the COMP gene identi-
fied 3-bp deletions in three patients IPS-SI (M), PS-S2(H),
PS-S3(0)]; each deletion had eliminated one of the five
copies of GAC from the trinucleotide repeat region at
nucleotides 1405-1419 (nucleotides are numbered from
the transiation start site). This mutation, confirmed by
sequencing the subcloned PCR products, had been
describeci previously in patients with severe PSACH
{Hecht et al. {995), It resulted in loss of an aspartic acid
residue (D473del) within the 7th calmodulin-like repeat
of the gene product. The phenotype of all three of our
patients with this mutation was also severe, their adult
heights being less than 110 cm. They were all sporadic
cases.

Identification of a novel COMP mutation
in a patient with severe PSACH

One patient [PS-S4(1)] was heterozygous for a single-
base change at nucleotide 1418 (A 141 8~,G) . This novel
missense mutation, which also occurred within the GAC
repeat in the 7th calmodulin-like repeat encoded in exon
13, would cause replacement of a conserved aspartic acid
residue with glycine at codon 473 (D473G). Direct se-
quencing of DNA samples from the patient's clinically
unaffected parents failed to find this mutation, nor was it
detected in normal controls or any other PSACH or MED
patients. The patient was a sporadic case. His height at
the age of 17 years was 108 cm (-10 SD).

[dentification of novel COMP mutations i
n mild PSACH cases

Five of the six patients with mild PSACH carried novel
missense mutations elsewhere than in exon 13 of the
COMP gene. These mutations occurred at sites encoding
conserved amino acids in the calmodulin-like repeats of
the protein. Patient PS-M1 {O) was heterozygous for
GB68->A (D290N) in exon 9; patient PS-M2(D) for
Al046->G (D349V) in exon 10; patient PS-M3(W) for
T1 159->G (C387G) in exon 11 ; patient PS-M4(1) for
G1552->A (D518N) in exon 14; and patient PS-M5(K)
for GB93->A (G299R) in exon 9. These mutations were
confirmed by PCR-RFLP (restric-tion fragment length
polymorphism) analyses : the D349V and C387G muta-
tions created Fnu4HI and Sau961 sites respectively, and
the D290ON , D518N, and G299R mutations abolished
Mval, Taql and Ddel sites, respectively. None of these

sequence changes were present among 50 unrelated, un-
affected individuals or in other PSACH or MED patients
of our panel. All patients were sporadic cases.

Identification of a novel COMP mutation in MED

We found a novel missense mutation in exon 10, A 1082-
>T (D361V), in a patient [MED-1 (M)] with Fairbank-
type MED The aspartic acid at codon 361 is a highly con-
served amino acid in the 3rd calmodulin-like repeat. This
mutation was confirmed by PCR-RFLP analysis, as the
change had created a Tsp451 site. The mutation was not
detected in 50 unrelated, unaffected individuals or in other
PSACH or MED patients. The patient had an affected
mother and an affected younger sister, who also had the
muiation.

Sequence variations

[n all patients examined, nucleotides 766-767 and 854-
855 were GC, not CG as in the published sequence
(L32137). This difference would mean substitution of an
arginine residue for alanine at codon 256 (CGC->GCC)
and a phenylalanine residue for arginine at codon 285
(CCG->CGC). However, neither of these sites represents
a conserved amino acid. We also found two patients who
were heterozygous for C279->A, but this change did not
cause an amino acid substitution.

Discussion

COMP is an extracellular matrix protein specific to carti-
lage; it is localized mainly in the territorial matrix sur-
rounding chondrocytes. The COMP monomer is a 2110-
kDa glycoprotein containing an amino-terminal domain,
four contiguous epidermal growth factor-like repeats, eight
configuous calmodulin-like repeats, and a carboxy-termi-
nal domain (Newton et al. 1994; Briggs et al. 1995).
Calmodulin-like repeats are thought to bind calcium by
means of aspartic acid residues lining calcium-binding
pockets. The consensus sequence of the calmodulin-like
repeats of COMP is N-(D)Q-D-D-DG-GDAC(D)-D-D-
D...DNPC- (DiCesare et al. 1994). Because the amino ac-
ids in the repeats are highly conserved, replacement would
alter the conformation and function of the COMP gene
product. All COMP mutations reported in the previous and
present studies have involved calmodulin-like repeats,
except for two cases (Briggs et al. 1998), underscoring the
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functional importance of this domain. If one includes the
resulis of the present study, a total of 22 different COMP
mutations have been identified in 37 patients, 19 of them
with severe PSACH, 12 with mild PSACH, and 6 with
MED . All 19 patients with severe PSACH carried muta-
tions in the 7th calmodulin-like repeat encoded in exon
13, 17 of them within the GAC repeat sequence at nucle-
otides 1405-1419; 15 of these reflected deletion of one
trinucleotide. Hénce, the GAC repeat is a mutational
hotspot of the COMP gene; more than one-third of the
identified mutations, and almost half of mutations in
PSACH comprised this delption. Mutations in the 7th
calmodulin-like repeat in exon 13 produce the severe
PSACH phenotype except one at the top of the repeat. In
contrast, patients with mutations in exons other than 13
showed mild PSACH or MED phenotypes. These geno-
type-phenotype correlations should facilitate molecular
diagnosis and classification of PSACH and MED, and
provide insight into the function of COMP and the physi-
ological consequences of different mutations. Among the
22 COMP mutations documented here and elsewhere, 18
were missense mutations and 4 were inframe deletions;
most of them substituted or deleted conserved aspartic
acid or cysteine residues. The type of mutation is unlikely
to be related to phenotype, however, because although
missense mutations such as D473G could produce a se-
vere PSACH phenotype, the most drastic change among
the reported mutations, a f'our amino acid deletion (V513-
K516del), resulted in mild PSACH (Susic et al. 1997).
To date, no mutations producing truncated gene products,
for example nonsense mutations or insertion/deletions
causing frameshifts, have been identified so far. It remains
to be determined whether these kinds of mutation would
produce phenotypes within the PSACH-MED spectrum
of skeletal dysplasias, or canse syndromes belonging to a
completely different category. The molecular mechanism
by which COMP mutations cause PSACH and MED re-
mains unclear. Haplo-insufficiency is unlikely, in view
of the wide spectrum of disease phenotypes associated
with known mutations. No individuals with a karyotypic
deletion of 19p have shown pheno-types similar to PSACH
and MED; no case of PSACH or MED with deletion of
the COMP locus has been reported. A dominant-nega-
tive mechanism has been postulated, on the ground that
COMP forms a pentamer (Morgelin et al. 1992). How-
ever, incorporation of mutant monomers into the COMP
pentamer has not been proven. COMP belongs to the
thrombospondin family of extra-cellular calcium-binding

proteins. Thrombospondins participate in calcium-depen-
dent interactions with a number of extracellvlar matrix
proteins, incloding type V collagen, laminin, and heparin
(Mumby et ai. 1984; Takagi et al. 1 993). Chondrocytes
from PSACH and MED patients show cytoplasmic inclu-
sion bodies that stain with antibodies against core protein
of proteoglycan (Stanescu et al. 1982). Patients carrving
mutations in the type IX collagen gene (COL9AZ2) also
exhibit a MED phenotype (Muragaki et al. 1996). These
lines of evidence suggest that COMP might interact with
these molecules. If so, dysfunction of COMP would likely
result in structural and functional disintegration of the ex-
tracellular matrix. Identification and charac-terization of
additional COMP mutations in PSACH and MED patients
would improve our understanding of the molecular patho-
genesis of these diseases and provide more information
about the relationship between the structure and function
of the COMP gene product.
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T& : BRAAMEBEBRLIBER (1 99 2 )
Osteochondrodysplasias BHEBRERE
A, Defects of the tubular (and flat) hones and/or A, BRBRE - HitRBoNEE
axial skeleton
1, Achondroplasiz group 1, BBRERESNV—T
Thanatophoric dysplasia BIEMBEREE AD 187.600
Thanatophoric dysplasia-straight femur/cloverleaf BEMERERE-FEZUMARE - 7 o HAED
skull type AD 187.600
Achondroplasia EMREAERE AD 100.800
Hypochondroplasia BB {ERREGE AD 146.000
2. Achondrogenesis 2, MRMRLE
Type 1A 1A # AR 200.600
Type IB 1B # AR 200.600
3. Spondylodysplastic group (Perinatally lethal) 3. FHREAS VT (RENERIEY)
San Diego type San Diego # Sp 151.210
Taorrance type Torrance B Sp 151,210
Luton type Luton # Sp 151.210
4, Metatropic dysplasia group 4, EBURENESN—T
Fibrochondrogenesis BHEMER B SR8 5E AR 228.520
Schneckenbecken dysplasia B BRERERIE AR 269250
Metatropic dysplasia TEMHREMRE AD 156.530
AR 250.600
5. Short rib dysplasia group (with/without 5. AMBREREISN—T (SIBEEMHES, $hifEb
polydactyly) )
SR (P) Type 1 Saldino Noonan SR (P) I® (Saldino Noonan ) AR 263.530
SR (P) Type 11 Majewski SR (P} II% (Majewski #J) AR 263.520
SR (P) Type IIl Verma-Naumoff SR (P) & (Verma-Naumoff &) AR 263510
SR (P) Type IV Beemer-Langer SR (P) IV8! (Beemer-Langer &)} AR 269.860
Asphyxiating thoracic dysplasia BEMETREAKGE AR 208.500
Ellis-van Creveld dysplasia Ellis-van Creveld BE¥HEE AR 225.500
6. Atelosteogenesis/Diastrophic dysplasia group 6. BTEREE - RAMBFRERAES V-7
Boomerang dysplasia 7T— AT BRIERE Sp-
Atelosteogenesis type 1 BTaRERE 18 Sp 108.720
Atelosteogenesis type 2 (de la Chapelle) BTEREENRY (de la Chapelie £) AR 256.050
Omodysplasia 1 {Maroteaux) THRREMRIE I &) (Maroteaux #) AD-
Omodysplasia 11 (Borochowitz) IRBREMEIR (Borochowitz B) AR-
Oto-palato-digital syndrome type 2 KO - {8ERIIIL XLR 304.120
Diastrophic dysplasia i RERIE AR 222.600
Pseudodiastrophic dysplasia BrEtrihidE RERE AR 264.180
7. Kniest-Stickler dyaplasia group 7. Kniest-Stickler #RFREY NL—
Dyssegmental dysplasia-Silverman Handmaker AR M B R AE-Silverman Handmaker B
type AR 224.410 ‘
Dyssegmental dysplasia-Relland-Desbuquois type SEIR N BRI E- Rolland-Desbuquois §
AR 224.400
Kniest dysplasia Kniest BRERE AD 156.550
Oto-spondylo-megaepiphysea! dysplasia H - ¥t - BB RIERE AR 215.150
Stickler dysplasia (heterogeneous, some not linked Stickler BRTZECHE (BB, —20i3 Coll CoL 2 Al
to Coll CoL 2 Al) KRS 4) AD 108.300
8. Spondyloepiphyseal dysplasia congenita group 8, EXRMEHH - BRERMESN—T

Langer-Saldino dysplasia (Achondrogenesis type
I1)
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10.

11,

12,

13,

14.

BAREFRRMNE (FEOLRELCTMAER) HRREE

Hypochondrogenesis
Spondyloepiphyseal dysplasia congenita

. Other spondyloepi-{meta}-physeal dysplasias

X-linked spondyloepiphyseal dysplasia tarda
Other late onset spondyloepi-{meta)-physeal
dysplasias (ie. Namaqualand d.. Irapa D.)
Progressive pseudorheumatoid dysplasia
Dyggve-Melchior-Clausen dysplasia
Wolcott-Rallison dysplasia
Immunoosseous dysplasia
Pseudeoachondroplasia
Opsismodysplasia
Dysostosis multiplex group
Mucopolysaccharidosis [ -H

1-S
Mucopolysaccharidosis 11
Mucopolysaccharidosis [1[-A

I1-B

-Cc

I-o
Mucopolysaccharidosis [V-A

Iv-B
Mucopolysaccharidosis ¥]
Mucopolysaccharidosis ¥il
Fucosidosis
a-Mannosidosis
A-Mannosidosis
Aspartylglucosaminuria
gM1 Gangliosidosis, several forms
Sialidosis, several forms
Sialic storage disease
Galactosialidosis, several forms
Mucosulfatidosis
Mucolipidosis II
Mucolipidosis 11
Mucolipidosis 1y
Spondylometaphyseal dysplasias
Spondylometaphyseal dysplasia-Kozlowski type
Spondylometaphyseal dysplasia-corner fracture
type (Sutcliffe)
Spondyloenchondrodysplasia
Epiphyseal dysplasias
Multiple epiphyseal dysplasia Fairbanlk/Ribbing

Chondrodysplasia punctata (Stippled epiphyses)

group

Rhizomelic type

Conradi-Hinermann type

X-linked recessive type

MT-type

Others including CHILD syndrome,
Zellweger syndrome, Warfarin embryopathy,
Chromosomal abnormalities, Fetal alchohol
syndrome

Metaphyseal dysplasias

Jansen type

Schmid type

Spahr type

10,

11,

12,

13

14,
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B {EaERE AD 120,140.02
SERMEFHE - BIRRIBAE AD 183.900

. EDMOBHE - B - (BEW) - REAUE

FEtEE eI HE - B AETSEUE XLD 313.400
E O ORBIERHE BN - (BEIR) - BERE (8
Namaqualand d.. Irapa D.)
TS Y o~ F B RERIE AR 208.230
Dyggve-Melchior-Clausen HR2EEMAE AR 223.800
Wolcott-Rallison B REHKE AR 226.980
RIFT 2B RFRE AR-
IERCE SEEREE AD 177,150
PR EE B SUVALIE AR 258.480
SRERBESN~T
Lol I-H B AR 252,800

1-S B AR 252.800
L2 EHHESR XLR 309.900
L EHBUREN-A T AR-

lil-B ® AR-

II-C # AR-

H1-D % AR 252.940
LI B PEEIV-A B AR-

1¥-B ] AR 230.500
Lo HWHEVIR AR 253.200
L2 HBEEVIE AR 253.220
73w k-2 AR 230.000
a-vv /v F—i 2 AR 248.500
B-=r/vF—v2 AR 248510
FTANTFNINTH 3 R AR 208.400
gMl o704 F—vx, &8 AR 230.500
¥F)E—v A, £X AR 256550
YT U MENHE AR 269.920
HIZrTFUF—v R, #8 AR 256540
LAANT FFF—3v A AR 272200
ABREREIIR AR 252.500
L fRHEENR AR 252.600
LR BEIVE AR 252.650
e RNANRE
e - BRIAREAE-Kozlowski B AD 271.660
B - BRIRRERE-BHWASEmE (Sutcliffe §)
AD-
HHE - WIKERBAE AR 271.550
AR RNALE
% Rt B INRWAE-Fairbank + Ribbing &
AD 132.400

RRRBRERE (RRAW) SN —7

ATURE AR 215.100

Conradi-Hunermann ¥ XLD 302.950

HEL R XLR 302.940

E# - hFFH Sp-

*oftt CHILD fiE{#, Zellweger ERE, 77>
U VBAEFR, REEAME BRRETLI—-AE
i

BRRRTBE
Jansen & AD 156.400
Schmid 3 AD 156.500
Spahr ® AR 250.400



15,

16,

17,

18,

19,

20,

21,

22,

23,
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McKusick type (CHH)

Metaphyseal anadysplasia

Shwachman type

Adenosine deaminase deficiency
Brachyrachia (Short spine dysplasia)
Brachyolmia, several types

Mesomelic dysplasias

Dyschondrosteosis

Langer type

Nievergelt type

Robinow type

Acro/acro-mesomelic dysplasing
Acromicric dysplasia

Geleophysic dysplasia

Acrodysostosis

’I‘richo-rhino—~phalangea_l dysplasia type 1
Tricho-rhino-phalangeal dysplasia type 2
Saldino-Mainzer dysplasia
Pseudohypoparathyroidism several types

Cranioectodermal dysplasia

Acromesomelic dysplasia

Grebe dysplasia

Dysplasias with significant (but not exclusive)
membraneous bone involvement
Cleidocranial dysplasia

Osteodysplasty, Melnick-Needles

Bent bone dysplasia group

Campomelic dysplasia

Kyphomelic dysplasia

Stilve-Wiedemann dysplasia

Multiple dislocations with dysplasias
Larsen syndrome

Desbuquois syndrome
Spondylo-epi-metaphyseal dysplasia with joint
laxity

Osteodysplastic primordial dwarfism group
Type 1

Type 2

Dysplasiag with decreased bone density
Osteogenesis imperfecta (several types)

Osteoporosis with pseudoglioma
Idiopathic juvenile osteoporosis

Bruck syndrome

Homocystinuria

Singleton-Merten syndrome

Geroderma osteodysplastica

Menkes syndrome

Dysplasias with defective mineralization
Hypophosphatasia

Hypophosphatemic rickets
Pseudedeficiency rickets, several types

Neonatal hyperparathyroidism
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18.

17,

18,

19,

20,

21,

22,

23.

McKusick & (CHH) AR 250.250
Bt B EIRR A XLA?-
Shwachmah & AR 264.400

TF/y 77 33— RIBE AR 102.700
BHEE (ERHRBRE)

SR &K 113.500, 271.530

chM i R SR E

Rk - #iE AD 127.300

Langer 3 AR 249.700

Nievergelt #1 AD 163.400

Robinow 3 AD 180.700

A FARR ARG

AIWER IR Sp 102,370

FEHERY RIERE AR 231,050

K () MR EE AD 101.800

BE - A IEIRTARE | B AD 190.350
ER A IREREREIIR AD 150,230
Saldino-Mainzer BREMRIE (FEE) AR 266920
BtE L E/MEREEETE, 8% AD 103580, AR?
139.320, XLD? 203.330

IHE - 4L EREREARE AR 218.330
WOPRABRARE AR 201.250

Grebe #RERME AR 200.700

BUE RSB S B AE

#HE - AERIERE AD 119.600
Melnick-Needles B R&EaiE X1LD 309.350
T REAES N—T

Pt RIURE AR 211.970
EENRERE AR 211.350
Stuve-Wiedemann H REmRFE AR-
BRI E M 125 RN IR

Larsen fE{REE AD 150.250

Desbuquois fE{ER AR 215.200
BOEGAR & £ 5 1 HE « B - BRMRBRE
AR 271.640
BREMAMFRMENAESN—F

I8 AR 210,710

1% AR 210,720

REEET 5 RRTME

RIERTLE (#3U) AD 120.150, 120.160, 166.210-60,
AR 269,110, 259.420

RUETREE IR & 4 5 BB AR 250.770
RS SRR EEE Sp 259.750

Bruck f#{28 AR 259.450
REVAFRIE AR 236,200
Singleton-Merten fE{REE Sp 182.250
BREEEEARERE AR 231.070
Menkes fEfEEE XLR 309.400
RIR{LHER & 4 3 B RFALE

E7 4 A7 75 —HE AD 146.300, 171.760, 241,500,
241,510
BV msEd: < 2% XLR 370.800

E2 i DIBRER < 3%, &1 AR 264.700, 277.420,
277.400
FER b RAMEREETUEAE AR 239.200
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24, Dysplngins with increased bone density

Osteopetrosis

a}) precocious type

b) delayed type

c) intermediate type

d} with renal tubular acidosis
Dysosteosclerosis
Pycnodysostosis
Osteosclerosis-Stanescu type
Axial osteosclerosis including

a) Osteomesopycnosis

b) with bamboo hair (Netherton syndrome)

¢) Tricho-thiodystrophy
Osteopoikilosis
Melorheostosis
Osteopathia striata
Osteopathia striata with cranial sclerosis
Diaphysea! dysplasia, Camurati-Engelmann
Craniodiaphyseal dysplasia
Lenz-Majewski dysplasia
Craniometadiaphyseal dysplasia
Endosteal hyperostosis

a) van Buchem disease

b) Sclerosteosis

c)} Worth disease

d} with cerebellar hypoplasia
Pachydermogperiostosis
Fronto-metaphyseal dysplasia
Craniometaphyseal dysplasia

a) severe type

b) mild type
Pyie (disease) dysplasia
Osteoectasia with hyperphosphatasia

Oculo-dento-csseous dysplasia
a) severe type
b) mild type
Familial infantile cortical hyperostosis-Caffey

. Disorganized development of cartilage and fibrous
components of the skeleton

Dysplasia epiphysealis hemimelica

Multiple carttlaginous exostoses
Enchondromatoesis (Ollier)

Enchondromatosis with hemangiomata (Maffucci)

Metachondromatosis

Osteoglophonic dysplasia

Fibrous dysplasia (Jaffe-Lichtenstein)

Fibrous dysplasia with pigmentary skin changes
and precocious puberty (McCune-Albright)
Cherubism

Myofibromatosis (Generalized fibromatosis)
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24, REBIEN LN BRIZRE

KEREW

a) BIX AR 259.700

b) BHK AD 166.600

c) hif® AR 259.710

d) RAEM7 v F— A 2#58 AR 259.730
KEMEAHLE AR 224.300
L REE AR 265.800
Stanescu RIEIH{LE AD 122,900
MMBEE, TRt

a) FrefibiE AD 166.450

b) @ e{> (Netherton fERRIE)

AR 256.500

c) B - £ FURMAE AR 242170
BHEEUE AD 166.700
AR A b—¥A, FHCEAE Sp 155.950
st B Sp-
ZEHI{ &S BRMRE AD 166.500
BERUEKRLGE (Camurati-Engelmann ) AD 131.300
TAEH - BERERAE AD 122,860, AR 218.300
Lenz-Majewski ‘B RIFZEE Sp 151.050
% - BRI - B RIEMAE Sp-
ClgleRidtid

a) van Buchem fi§ AR 239.100

b) BW{LIE AR 269.500

c¢) Worth 55 AD 144,750

d) MRUERREEMHDS b O AR~
B R-AMICmEE AD 167.100
AT - AR RIBAE XLR 309.620
HE - HEMERIEAE

a) WE{ER AR 218.400

b) EER AD 123.000
Pyle (#8) BRIEZEKE AR 265.900
B7ZAAVT72A7 75 —HE2ESBIBKE
AR 239.000
IR - & - BRIGALE

a) HBED AR 257.850

b) #ER AD 164.200
P TLIE BB RsE-Caffey 8 AD 114.000

. RABOBRES L URHR S ORERE

BB IR R ERLE Sp 127.800

% SLtEEU B LS BIEAE AD 133.700

Pl B iiRE (Ollier #%) Sp 166.000

& AR % £ 5 ARCE IMEE (Maffucci EHREE)

Sp 166.000

AFaviow b—v2A AD 156.250

it REREE Sp 166.250

P AT RE (Jaffe-Lichtenstein ) Sp 174.800
BRORE L BERIEBEBIE 255 R BRER
i {McCune-Albright fE{EE) Sp 174.800

v AfE AD 118.400

RHERERE (AFstEAMERRTE) AR 228.550



RERFRARMAGS (FLORERASFRTE) HRMSS

. Idiopathic osteclyses

. Predominantly phalangeal

Hereditary acrosteolysis, several farms
Hajdu-Cheney type

. Predominantly carpal/tarsal
Carpal-tarsal osteolysis with nephropathy

Frangois syndrome (Dermo-chondro-corneal dys-

trophy)

. Multicentric

Winchester syndrome

Torg type

Mandibulo-acral dysplasia

. Other

Familial expansile osteolysis

C. BRILBBRE

1. SRMIFIRBRE
WETE e (B BB ME, £X1-102.400
Hajdu-Cheney % AD 102,500

2, BRYEFIR - RIRBIEMGE
WEBL M FM - BIREBEGE AD 166.300
Frangois fEMREY (W - WUE - ABIRYRT)
AR 221.800

3. ZhOMSRIEBIBARE
Winchester fEfRRF AR 27.950
Torg & AR 259.600
TR - SR () BREARAE AR 248.370

4, (ot
RIEEIREREME AD 174,810

AD="R Rkl AR=9aiEst, XLD =M,
XLR=ftkkt, Sp=mFeit, HF=McKusick 5o
F st —
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