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Rapid Publication

International Nosology and Classification of
Constitutional Disorders of Bone (2001)

Christine M. Hall*

Department of Radiology, Great Ormond Street Children’s Hospital, London, United Kingdom

The last International Classification of Con-
stitutional Disorders of Bone was published
in 1998. Since then rapid advances have been
made in identifying the molecular changes
responsible for defined conditions and new
disorders are constantly being delineated.
For these reasons a further update on the
classification is appropriate. It has been
expended to not only the osteochondrodys-
plasias (33 groups) but also genetically deter-
mined dysostoses (3 groups).
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The International Working Group on the Classifica-
tion of Constitutional Disorders of Bone met in Oxford
on September 4th and 5th 2001 to update the last clas-
sification which had been drawn up in Los Angeles in
1997 (Table I). While this latest classification remains a
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combination of morphological and molecular groupings
it is anticipated that two parallel but interacting clas-
sifications will evolve: one clinical, identifying accepted
terminology or nosology, and the other molecular, to
help further understand the pathogenesis of individual
disorders.

The major change in the classification has been the
addition of genetically determined dysostoses to the
skeletal dysplasias or osteochondrodysplasias. This is
because in clinical practice these two groups overlap.
Dysostoses may be defined as skeletal malformations
occurring singly or in combination. The dysostoses are
static and their malformations occur during blastogen-
esis (the first eight weeks of embryonic life). This is in
contrast to the skeletal dysplasias which often present
after this stage, have a more general skeletal involve-
ment and continue to evolve as a result of active gene
involvement throughout life. Only those dysostoses
which have an identified chromosomal locus have been
included. They have been divided into three groups:
those with predominant cranial and facial involvement,
those with predominant axial involvement, and those
with predominant involvement of the extremities. The
first group includes in particular the various craniosy-
nostoses occurring as a result of FGFR mutations. The
second group includes the various vertebral segmenta-
tion defect disorders, and the third, the ectrodactylys
and Fanconi syndrome groups. The brachydactylys
were included in the 1997 classification in Group 17,
the acromelic and acromesomelic dysplasias, and now
remain in the acromelic dysplasia group, although they
could logically move into the dysostosis classification.

A few of the more major changes to the skeletal dys-
plasia classification will be identified.

1. SADDAN — severe achondroplasia, developmental
delay and acanthosis nigricans has been included in the
achondroplasia group.

2. The severe spondylodysplastic group has deleted
the San Diego type of lethal platyspondylic dysplasia,
which has been identified as the same as thanatopho-
ric dysplasia type I. The group has been expanded to
include opsismodysplasia and spondylo-metaphyseal
dysplasia type Sedaghatian and is a collection of morpho-
logically similar disorders.
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7921.3-q22.1
7q11.2-q12.3

9q22
4pl6
10q24
3q27
Xq26
17q22
19p13
1921
7q34

180700
193530
600095
605289
183600
313350
129900
285800
180849
135900
135900
227650
227650
227650
227650
227650
227650
186500
140000

?7AD

AD
AR
AR

C. Localized disorders with predominant involvement of the extremities

AD
AD

XL
AD

Segmentation DEfect with Mesomelia
and peculiar face)

Oculo-vertebral syndrome (Weyer)
cleft-palate syndrome

Syndromic SHFM1 with deafness and MR
Symphalangism—proximal

COVESDEM (COsto VErtebral
Isolated SHFM2
Ectrodactyly-ectodermal dysplasia
Rubinstein-Taybi syndrome

Coffin-Siris syndrome
Coffin-Siris syndrome

Isolated SHFM3
Fancon

Isolated SHFM4
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4.Inthe short-rib dysplasia group, types I and IIT have
been identified as different ends of the spectrum of the
same disorder. Thoracolaryngopelvic dysplasia (Barnes)
has been included.

6. The autosomal recessive type of multiple epiphyseal
dysplasia has been included in the diastrophic dysplasia
group.

10. Several newly delineated disorders have been in-
cluded in the spondyloepimetaphyseal dysplasia group.
These include: SEMD Handigodu type, SEMD with
multiple dislocations (Hall), SEMD Pakistani type and
anauxetic dysplasia.

11. Familial hip dysplasia (Beukes) has been included
in the group of multiple epiphyseal dysplasia and
pseudoachondroplasia.

12. In the chondrodysplasia punctata group, the
brachytelephalangic type has been recognized as the
same as the X-linked recessive type. Zellweger’s syn-
drome and Vitamin K dependent coagulation defect
have been excluded on the basis that they do not re-
present osteochondrodysplasias. CHILD- limb reduc-
tion icthyosis has been included and HEM (Greenberg
dysplasia) and dappled diaphyseal dysplasia have been
moved from the previous group of lethal chondrodys-
plasias with fragmented bones.

16. In the mesomelic group, types Kantaputra, Verloes
and Savarirayan have been included.

17. The previous Group 17 has been divided into two.
The new Group 17 is the acromelic dysplasias and Group
18 is acromesomelic dysplasias.

23. The low birthweight, slender bone group now
incorporates microcephalic osteodysplastic dysplasia
(Saul-Wilson) and the 3M syndrome.

24. Two new subtypes of osteogenesis imper-
fecta have been included; Type V, recognised by the
presence of dislocated radial heads and hyperplastic
callus formation and Type VI, diagnosed on the bone
histology.

29. A new group of craniotubular digital disorders has
been created and includes frontometaphyseal dysplasia,
osteodysplasty (Melnick-Needles), precocious osteodys-
plasty (Ter Haar) and oto-palato-digital syndrome types
I and II. The former group of lethal dysplasias with
fragmented bones has been divided between the chon-
drodysplasia punctata group and the group of neonatal
severe osteosclerotic dysplasias.

32. In the osteolyses group, Francois, Whyte-Hem-
mingway and Giacci have been excluded.

33. Several further conditions have been added to the
patella dysplasia group.

A total of 33 groups have now been identified in addi-
tion to three groups of dysostoses.

The references are only relevant recent pub-
lications, mainly identifying new disorders or molecu-
lar advances. They are given under the individual

groups.

17¢21-922

6p21-p22
11p15
7pl5

3p22-p26
9p13

16q24.3
9922.3

See also: Group 17 and
Group 16

drome Group C
drome Group D
syndrome Group F

Fanconi syndrome Group G

syndrome Group A
Multiple synostoses
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isyn

i syn
Fanconi syndrome Group E

1
1

AR
AR
AR
AR
AR
AR
AD
AD
*AD, autosomal dominant; AR, autosomal recessive; SP, sporadic; XLD, X-linked dominant; XLR, X-linked recessive.

Hand foot genital syndrome

Fancon
Fancon
Fancon



76 Hall

Group 10

Agarwal SS, Phadke SR, Fredlund V, Viljoen DL, Beighton P. 1997. Mseleni
and Handigodu Familial Osteoarthropathies: Syndromic Identity? Am J
Med Genet 72:435-439.

Nicole S, Davoine CS, Topaloglu H, Cattolico L, Barral D, Beighton P,
Hamida CB, Hammouda H, Cruaud C, White PS, Samson D, Urtizberea
JA, Lehmann-Horn F, Weissenbach J, Hentati F, Fontaine B. 2000.
Perlecan, the major proteoglycan of basement membranes, is altered in
Schwartz-Jampel syndrome (chondrodystrophic myotonia). Nat Genet
26:480-483.

Hall CM, Elcioglu N, Shaw DG. 1998. A distinct form of spondyloepimeta-
physeal dysplasia with multiple dislocations. J Med Genet 35:566—572.

Horn D, Rupprecht E, Kunze J, Spranger J. 2001. Anauxetic dysplasia, a
spondylometaepiphyseal dysplasia with extreme dwarfism. J Med Genet
38:262-265.

Group 11

Roby P, Eyre S, Worthington J, Ramesar R, Cilliers H, Beighton P, Grant M,
Wallis G. 1999. Autosomal Dominant (Beukes) Premature Degenera-
tive Osteoarthropathy of the Hip Joint Maps to an 11cM Region on
Chromosome 4¢35. Am J Hum Genet 64:904—908.

Group 12

Grange DK, Kratz LE, Braverman NE, Kelley RI. 2000. CHILD syndrome
caused by deficiency of 3-beta-hydroxysteroid-delta-8, delta-7-isomer-
ase. Am J Med Genet 90:328—-335.

Chitayat D, Gruber H, Mullen BJ, Pauzner D, Costa T, Lachman R, Rimoin
DL. 1993. Hydrops-ectopic calcification-moth-eaten skeletal dysplasia
(Greenberg dysplasia): prenatal diagnosis and further delineation of a
rare genetic disorder. Am J Med Genet 47:272—-277.

Group 13

Ridanpaa M, van Eenennaam H, Pelin K, Chadwick R, Johnson C, Yuan B,
van Venrooij W, Pruijn G, Salmela R, Rockas S, Makitie O, KaitilaI, dela
Chapelle A. 2001. Mutations in the RNA component of RNase MRP cause
a pleiotropic human disease, cartilage-hair hypoplasia. Cell 104:195—
203.

Group 16

Fujimoto M, Kantaputra PN, Ikegawa S, Fukushima Y, Sonata S, Matsuo M,
Ishida T, Matsumoto T, Kondo S, Tomita H, Deng HX, D’urso M, Rinaldi
MM, Ventruto V, Takagi T, Nakamura Y, Niikawa N. 1998. The gene for
mesomelic dysplasia Kantaputra type is mapped to chromosome 2q24-
q32. J Hum Genet 43:32-36.

Savarirayan R, Cormier-Daire V, Curry CJ, Nashelsky MB, Rappaport V,
Rimoin DL, Lachman RS. 2000. New mesomelic dysplasia with absent
fibulae and triangular tibiae. Am J Med Genet 94:59—63.

Robertson SP, Shears DJ, Oei P, Winter RM, Scambler PJ, Aftimos S,
Savarirayan R. 2000. Homozygos deletion of SHOX in a mentally re-
tarded male with Langer mesomelic dysplasia. J Med Genet 37:959—
964.

Group 17

Lim-Dunham JE, Poznanski AK, Tachdjidian MO. 1995. Christian Brachy-
dactyly in a father and two daughters. Skeletal Radiol 24:623—-625.

Group 26

Frattini A, Orchard PJ, Sobacchi C, Giliani S, Abinun M, Mattsson JP,
Keeling DJ, Andersson AK, Wallbrandt P, Zecca L, Notarangelo LD,
Vezzoni P, Villa A. 2000. Defects in TCIRGI subunit of the vacuolar
proton pump are responsible for a subset of human autosomal recessive
osteopetrosis. Nat Genet 25:343—-346.

Sobacchi C, Frattini A, Orchard P, Porras O, Tezcan I, Andolina M, Babul-
Hirji R, Baric I, Canham N, Chitayat D, Dupuis-Girod S, Ellis I, Etzioni
A, Fasth A, Fischer A, Gerritsen B, Gulino V, Horowitz E, Klamroth V,
Lanino E, Mirolo M, Musio A, Matthijs G, Nonomaya S, Notarangelo LD,
Ochs HD, Superti Furga A, Valiaho J, van Hove JL, Vihinen M, Vujic D,

Vezzoni P, Villa A. 2001. The mutational spectrum of human malignant
autosomal recessive osteopetrosis. Hum Mol Genet 10:1767-1773.

Rees H, Ang LC, Casey R, George DH. 1995. The association of infantile
neuroaxonal dystrophy and osteopetrosis: a rare autosomal recessive
disorder. Pediatr Neurosurg 22:321-327.

Hu PY, Lim EJ, Ciccolella J, Strisciuglio P, Sly WS. 1997. Seven novel
mutations in mutations in carbonic acid anhydrase II deficiency syn-
drome identified by SSCP and direct sequencing analysis. Hum Mutat
9:383-387.

Benichou O, Cleiren E, Gram J, Bollerslev J, de Vernejoul MC, Van Hul W.
2001. Mapping of autosomal dominant osteopetrosis type II (Albers-
Schonberg disease) to chromosome 16p13.3. Am J Hum Genet 69:647—
654.

White KE, Koller DL, Takacs I, Buckwalter KA, Foroud T, Econs MdJ. 1999.
Locus heterogeneity of autosomal dominant osteopetrosis (ADO). J Clin
Endocrinol Metab 84:1047-1051.

Doffinger R, Smahi A, Bessia C, Geissmann F, Feinberg J, Durandy A,
Bodemer C, Kenwrick S, Dupuis-Girod S, Blanche S, Wood P, Rabia
SH, Headon DJ, Overbeek PA, Le Deist F, Holland SM, Belani K,
Kumararatne DS, Fischer A, Shapiro R, Conley ME, Reimund E,
Kalhoff H, Abinun M, Munnich A, Israel A, Courtois G, Casanova JL.
2001. X-linked anhidrotic ectodermal dysplasia with immunodeficiency
is caused by impaired NF-kappaB signaling. Nat Genet 27:277—
285.

John E, Kozlowski K, Masel J, Muralinath S, Vijayalakshmi G. 1996.
Dysosteosclerosis. Australas Radiol 40:345—347.

Sprecher E, Chavanas S, Di Giovanna JJ, Amin S, Nielsen K, Prendiville JS,
Silverman R, Esterly NB, Spraker MK, Guelig E, de Luna ML, Williams
ML, Buehler B, Siegfried EC, Van Maldergem L, Pfendner E, Bale SdJ,
Uitto J, Hovnanian A, Richard G. 2001. The spectrum of pathogenic
mutations in SPINK5 in 19 families with Netherton syndrome:
implications for mutation detection and first case of prenatal diagnosis.
J Invest Dermatol 117:179-187.

Motyckova G, Weilbaecher KN, Horstmann M, Rieman DdJ, Fisher DZ,
Fischer DE. 2001. Linking osteopetrosis and pycnodysostosis: regulation
of cathepsin K expression by the microphthalmia transcription factor
family. Proc Natl Acad Sci USA 98:5798—-5803.

Horovitz DD, Barbosa Neto JG, Boy R, Vargas FR, Llerena Junior JC, de
Almeida JC. 1995. Autosomal dominant osteosclerosis type Stanescu:
the third family. Am J Med Genet 57:605—609.

Bueno AL, Ramos FJ, Bueno O, Olivares JL, Bello ML, Bueno M. 1998.
Severe malformations in males from families with osteopathia striata
with cranial sclerosis. Clin Genet 54:400—405.

Happle R. 2001. Buschke-Ollendorff syndrome: early, unilateral and
pronounced involvement may be explained as a type 2 segmental mani-
festation. Eur J Dermatol 11:505.

Group 27

Kinoshita A, Saito T, Tomita H, Makita Y, Yoshida K, Ghadami M, Yamada
K, Kondo S, Ikegawa S, Nishimura G, Fukushima Y, Nakagomi T, Saito
H, Sugimoto T, Kamegaya M, Hisa K, Murray JC, Taniguchi N, Niikawa
N, Yoshiura K. 2000. Domain-specific mutations in TGFB1 result in
Camurati Engelmann disease. Nat Genet 26:19—20.

Guadami M, Makita Y, Yoshida K, Nishimura G, Fukushima Y, Wakui K,
Tkegawa S, Yamada K, Kondo S, Niikawa N, Tomita HA. 2000. Genetic
mapping of the Camurati-Engelmann disease locus to chromosome
19q13.1-q13.3. Am J Hum Genet 66:143—147.

Brunkow ME, Gardner JC, Van Ness J, Paeper BW, Kovacevich BR, Proll S,
SkonierJE, Zhao L, Sabo PJ, Fu Y, Alisch RS, Gillet L, Colbert T, Tacconi
P, Galas D, Hamersma H, Beighton P, Mulligan J. 2001. Bone dysplasia
sclerosteosis results from loss of the SOST gene product, a novel cystine
knot-containing protein. Am J Hum Genet 68:577—-589.

Staehling-Hampton K, Proll S, Paeper BW, Zhao L, Charmley P, Brown A,
Gardner JC, Galas D, Schatzman RC, Beighton P, Papapoulos S,
Hamersma H, Brunkow M. 2002. A 52-kb deletion in the SOST-MEOX1
intergenicregion on 17q12-q21 is associated with van Buchem disease in
the Dutch population. Am J Med Genet 110:144—152.

Van Hul W, Balemans W, van Hul E, Dikkers FG, Obee H, Stokroos RS,
Hildering P, Vanhoenacker F, Van Camp G, Willems PJ. 1998. Van
Buchem disease (hyperostosis corticalis generalisata) maps to chromo-
some 17q12-q21. Am J Hum Genet 62:391—-399.

Diaz GA, Gelb BD, Ali F, Sakati N, Sanjad S, Meyer BF, Kambouris M. 1999.
Sanjad-Sakati and autosomal recessive Kenny Caffey syndromes are



Classification of Constitutional Bone Disorders 77

allelic: evidence for an ancestral founder mutation and locus refine-
ment. Am J Med Genet 85:48—-52.

Diaz GA, Khan KT, Gelb BD. 1998. The autosomal recessive Kenny Caffey
syndrome locus maps to chromosome 1q42-q43. Genomics 54:13—18.

Sabry MA, Farag T1, Shaltout AA, Zaki M, Al Mazidi Z, Abulhassan SJ, Al-
Torki N, Quishawi A, Al Awadi SA. 1999. Kenny Caffey syndrome: an
Arab variant? Clin Genet 55:44—49.

Sabry MA, Zaki M, Shaltout A. 1998. Genotypic/phenotypic heterogeneity
of Kenny Caffey syndrome. J Med Genet 35:1054—1055.

Martignetti JA, Desnick RJ, Aliprandis E, Norton KI, Hardcastle P, Nade S,
Gelb BD. 1999. Diaphyseal medullary stenosis with malignant fibrous
histiocytoma: a hereditary bone dysplasia/cancer syndrome maps to
9p21-22. Am J Hum Genet 64:801-807.

Martignetti JA, Gelb BD, Pierce H, Picci P, Desnick R. 2000. Malignant
fibrous histiocytoma: inherited and sporadic forms have loss of
heteozygosity at chromosome bands 9p21-22. Evidence for a common
genetic defect. Genes, Chromosomes Cancer 27:191-195.

Gladwin A, Donnai D, Metcalfe K, Schrander-Stumpel C, Brueton L, Verloes
A, Aylsworth A, Toriello H, Winter R, Dixon M. 1997. Localization of a
gene for oculodentodigital syndrome to human chromosome 6q22-q24.
Hum Mol Genet 6:123-127.

Boyadjiev SA, Jabs EW, LaBuda M, Jamal JE, Torbergsen T, Ptacek LJ 2nd,
Rogers RC, Nyberg-Hansen R, Opjordsmoen S, Zeller CB, Stine OC,
Stalker HJ, Zori RT, Shapiro RE. 1999. Linkage analysis narrows the
critical region for oculodentodigital dysplasia to chromosome 6q22-q23.
Genomics 58:34—-40.

Price JA, Bowden DW, Wright JT, Pettenati MJ, Hart TC. 1998. Identi-

fication of a mutation in DLX3 associated with tricho-dento-osseous
(TDO) syndrome. Hum Mol Genet 7:563—569.

Group 28

Reichenberger E, Tiziani V, Watanabe S, Park L, Ueki Y, Santanna C, Baur
ST, Shiang R, Grange DK, Beighton P, Gardner J, Hamersma H, Sellars
S, Ramesar R, Lidral AC, Sommer A, Raposo do Amaral CM, Gorlin RJ,
Mulliken JB, Olsen BR. 2001. Autosomal dominant craniometaphyseal
dysplasia is caused by mutations in the transmembrane protein ANK.
Am J Hum Genet 68:1321-1326.

Group 31

Xu MQ, Feldman G, Le Merrer M, Shugart YY, Glaser DL, Urtizberea JA,
Fardeau M, Connor JM, Triffitt J, Smith R, Shore EM, Kaplan F'S. 2000.
Linkage exclusion and mutational analysis of the noggin gene in

patients with fibrodysplasia ossificans progressiva. Clin Genet 58: 291—
298.

Feldman G, Li M, Martin S, Urbanek M, Urtizberea JA, Fardeau M, Le
Merrer M, Connor JM, Triffitt J, Smith R, Muenke M, Kaplan F'S, Shore
EM. 2000. Fibrodysplasia ossificans progressiva, a heritable disorder of
severe heterotopic ossification, maps to human chromosome 4q27-31.
Am J Hum Genet 66:128—135.

Ueki Y, Tiziani V, Santanna C, Fukai N, Maulik C, Garfinkle J, Ninomiya
C, do Amaral C, Peters H, Habal M, Rhee-Morris L, Doss JB, Kreiborg
S, Olsen BR, Reichenberger E. 2001. Mutations in the gene encoding
c-Abl-binding protein SH3BP2 cause cherubism. Nat Genet 28:125—
126.

Group 32

Group Martignetti JA, Aqgeel A, Sewairi WA, Boumah CE, Kambouris M,
Mayouf SA, Sheth KV, Eid WA, Dowling O, Harris J, Glucksman MJ,
Bahabri S, Meyer BF, Desnick RJ. 2001. Mutation of the matrix metal-
loproteinase 2 gene (MMP2) causes a multicentric osteolysis and
arthritis syndrome. Nat Genet 28:261—265.

Group 33

Mclntosh I, Dreyer SD, Clough MV, Dunston JA, Eyaid W, Roig CM,
Montgomery T, Ala-Mello S, Kaitila I, Winterpacht A, Zabel B, Frydman
M, Cole WG, Francomano CA, Lee B. 1998. Mutation analysis of LMX1B
gene in nail-patella syndrome patients. Am J Hum Genet 63:1651—
1658.

Morello R, Zhou G, Dreyer SD, Harvey SJ, Ninomiya Y, Thorner PS, Miner
JH, Cole W, Winterpacht A, Zabel B, Oberg KC, Lee B. 2001. Regulation
of glomerular basement membrane collagen expression by LMX1B
contributes to renal disease in nail patella syndrome. Nat Genet 27:205—
208.

Mangino M, Sanchez O, Torrente I, De Luca A, Capon F, Novelli G,
Dallapiccola B. 1999. Localization of a gene for familial patella aplasia-
hypoplasia (PTLAH) to chromosome 17q21-22. Am J Hum Genet 65:
441-447.

Cormier-Daire V, Chauvet ML, Lyonnet S, Briard ML, Munnich A, Le
Merrer M. 2000. Genitopatellar syndrome: a new condition comprising
absent patellae, scrotal hypoplasia, renal anomalies, facial dysmorph-
ism and mental retardation. J Med Genet 37:520—524.

Bongers EM, Opitz JM, Fryer A, Sarda P, Hennekam RC, Hall BD,
Superneau DW, Harbison M, Poss A, van Bokhoven H, Hamel BC,

Knoers NV. 2001. Meier-Gorlin syndrome: report of eight additional
cases and review. Am J Med Genet 102:115-124.



