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The objective of the paper is to provide the revision of the
Nosology of Constitutional Disorders of Bone that incorpo-
rates newly recognized disorders and reflects new molecular
and pathogenetic concepts. Criteria for inclusion of disorders
were (1) significant skeletal involvement corresponding to
the definition of skeletal dysplasias, metabolic bone dis-
orders, dysostoses, and skeletal malformation and/or reduc-
tion syndromes, (2) publication and/or MIM listing, (3)
genetic basis proven or very likely, and (4) nosologic
autonomy confirmed by molecular or linkage analysis and/
or distinctive diagnostic features and observation in multiple
individuals or families. Three hundred seventy-two different
conditions were included and placed in 37 groups defined
by molecular, biochemical and/or radiographic criteria. Of
these conditions, 215 were associated with one or more of
140 different genes. Nosologic status was classified as final
(mutations or locus identified), probable (pedigree evi-
dence), or bona fide (multiple observations and clear
diagnostic criteria, but no pedigree or locus evidence yet).
The number of recognized genetic disorders with a
significant skeletal component is growing and the distinction
between dysplasias, metabolic bone disorders, dysostoses,

and malformation syndromes is blurring. For classification
purposes, pathogenetic and molecular criteria are integrating
with morphological ones but disorders are still identified by
clinical features and radiographic appearance. Molecular
evidence leads to confirmation of individual entities and to
the constitution of new groups, but also allows for
delineation of related but distinct entities and indicates a
previously unexpected heterogeneity of molecular mechan-
isms; thus, molecular evidence does not necessarily simplify
the Nosology, and a further increase in the number of entities
and growing complexity is expected. By providing an
updated overview of recognized entities with skeletal
involvement and of the underlying gene defects, the new
Nosology can provide practical diagnostic help, facilitate the
recognition of new entities, and foster and direct research in
skeletal biology and genetic disorders. © 2006 Wiley-Liss, Inc.
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INTRODUCTION

Following the discovery on numeric chromosomal
aberrations medical genetics experienced a historical
boost in the early 1960s, culminating in the Birth
Defects Conferences. Shortly thereafter, the accu-
mulating evidence of the great heterogeneity of
genetic skeletal disorders prompted a group of
experts from various countries to prepare a docu-
ment to reach an agreement on the nomenclature of
what was then called “Constitutional (or Intrinsic)
Disorders of Bone” [INCDB, 1970; NCDB, 1971a,b;
McKusick and Scott, 1971]. The “Nomenclature” was
meant to bring together experts in radiology, clinical
genetics and pediatrics to agree on the denomination
and classification of the skeletal disorders, syn-
dromes and metabolic diseases that were being
described at a rapid pace. Much has changed since
the first Nomenclature was published in 1970.
Revision has been prepared in 1977, 1983, 1992,
1997, and 2001 [INCDB, 1978, 1983; INCO, 1998;
Hall, 2002]. Electronic means have tremendously
accelerated the pace at which new observations and
results can be made public; knowledge on the
molecular basis of disorders has increased to the
point that the causative gene is known for approxi-
mately one-half of the close to 400 disorders included
today. Because of the wealth of available data on
the clinical and radiographic features, inheritance
pattern, and—in many cases—the molecular basis,
the determination of nomenclature name and clas-
sification of each disorder should now be called
“nosology,” while the term “constitutional” can be
replaced with “genetic.” Following the establish-
ment of the International Skeletal Dysplasia Society
in 1999, and to cope with the increasing complexity
of information, revisions of the Nosology have been
delegated to an expert group nominated ad hoc
within the ISDS to guarantee balanced representa-
tion of clinical, radiological and molecular expertise.

METHODS

The Nosology Group of the International Skeletal
Dysplasia Society met in August 2005 to revise the
2001 edition of the Nosology [Hall, 2002]. In the
preceding months, curators (usually two to three for
every group of disorders) had been appointed who
were responsible for reviewing the recent literature
and discussing possible changes ahead of the meet-
ing. During the meeting, a consensus was reached for
changes to be made, and the drafts were circulated
for correction after the meeting. The criteria used for
inclusion of individual disorders were:

(1) significant skeletal involvement, corresponding
to the definition of skeletal dysplasias, metabolic
bone disorders, dysostoses, and skeletal mal-
formation and/or reduction syndromes,

(2) publicationand/or listing in OMIM (meaning that
observations should not find their way into the
Nosology before they achieve peer-reviewed
publication status),

(3) genetic basis proven by pedigree or very likely
based on homogeneity of phenotype in unre-
lated families,

(4) nosologic autonomy confirmed by molecular or
linkage analysis and/or distinctive diagnostic
features and observation in multiple individuals
or families.

RESULTS

Three hundred seventy-two different conditions
were included and placed in 37 groups defined by
molecular, biochemical and/or radiographic criteria.
Of these conditions, 215 were associated with one or
more of 140 different genes. Nosologic status was
classified as final (mutations or locus identified),
probable (pedigree evidence), or bona fide (multiple
observations and clear diagnostic criteria, but no
pedigree or locus evidence yet). The results are
presented in Table I. Within a group, disorders with
known molecular basis have been listed preceding
those with lesser degree of evidence; however,
variants of the same disorder have been kept
together. The Table I features direct links to OMIM
entries.

DISCUSSION

The first criterion, the definition of “significant
skeletal involvement,” leaves some degree of sub-
jectivity. The 2001 revision of the Nosology began to
include more dysostoses, and the present revision
goes much farther in including disorders such as
dysostoses or malformation syndromes that have a
skeletal component. The MIM catalogue contains
many entries that include some degree of skeletal
involvement, and the decision on inclusion or
exclusion on the basis of what is “significant”
involvement can be arbitrary.

Similar considerations apply to criterion number
4—*"“nosologic autonomy.” Is the disorder in ques-
tion an independent nosologic entity or perhaps a
variant of some already existing entity? Are the
diagnostic criteria specific enough to ensure accurate
diagnosis? Can a genetic basis be assumed with
reasonable confidence? Particularly among the dis-
orders that have not yet benefited from molecular
confirmation, the nosologic autonomy remains
subject to a degree of arbitrariness. For these
disorders, discussion within the Nosology group,
where individual opinions can be harmonized and, if
needed, corrected by the collective expertise, is of
paramount importance. There are a relatively large
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number of disorders that are listed in MIM but have
been found not to meet inclusion criteria, in most
instances because of too few observations or
because of the lack of features allowing clear
diagnostic distinction from other disorders. It is
likely that additional observations or molecular
elucidation will allow for the inclusion of many of
these disorders in the future, either as distinct entities
oras “variants” of already existing ones. In this sense,
the Nosology illustrates the many things we do not
yet know.

The organization of disorders into Groups has
been changed significantly compared to the 2001
version [Hall, 2002]. More groups based on a
common affected molecule or biochemical pathway
have been created (Groups 1-06). Several groups are
based on the anatomical localization of radiographic
changes (Groups 7—16). Groups 17-19 are defined
by macroscopic criteria and clinical features (bent
bones, slender bones, presence of multiple disloca-
tions). Groups 20-25 and 27 take into account
features of mineralization (increased or reduced
bone density, disturbed mineralization stippling,
osteolysis). Group 26 encompasses the large group
of lysosomal disorders with skeletal involvement.
Group 28 comprises disorders with so-called abnor-
mal development of skeletal components such as
exostoses, ecnhondromas, and ectopic calcification.
This group is quite heterogeneous and may need to
be revised in the future with the help of newer
molecular data. Finally, Groups 29—37 are dedicated
to the dysostoses (with Group 29 including cleido-
cranial dysplasia as a well-known example of tran-
sition between dysplasia and dysostosis) that follow
again anatomical criteria (cranium, face, axial skele-
ton, extremities) with additional criteria reflecting
principles of embryonal development such as limb
reduction or hypoplasia (proximal-distal growth)
versus terminal differentiation and patterning of
the digits or joint formation. Additionally we have
converted all Roman numerals to Arabic numbering
to make electronic searches more straight forward.

Criticism to the previous versions of the Nosology
has focussed on its “hybrid” nature, in the sense that
it does not stick to a systematic approach, be it
clinical or molecular. It is true that the Nosology is not
necessarily aimed at being a diagnostic tool; other
papers can be more useful in this respect [Unger,
2002; Offiah and Hall, 2003]. On a similar line, other
papers have focused on the molecular aspects of
genetic disorders of bone [Hermanns and Lee, 2001;
Superti-Furga et al., 2001; Kornak and Mundlos,
2003]. Thus, the Nosology should coexist with other
classifications based on the clinical and radiographic
approach to diagnosis or based on the affected
molecular systems and pathways, and it is hoped that
electronic means will facilitate transition and inter-
actions between the various classification criteria
that can be applied. Efforts are in place to establish a

web-based system enabling databases searches for
molecular defects, pathways, and clinical features.

In spite of these limitations, the Nosology can offer
arapid help and orientation in this complex field. For
the clinician who is struggling for a diagnosis, a
simple listing of disorders grouped by cardinal
features can help in indicating the way of further
enquiries and consultation of appropriate sources.
The boundaries between skeletal dysplasias and
dysostoses, metabolic and molecular disorders, and
multiple congenital anomalies syndromes is becom-
ing progressively less sharp, and the diagnostic
process requires knowledge that crosses the bound-
aries between these subspecialty areas. For the
expert, the Nosology offers a quick reminder of the
many differential diagnoses for one given disorder.
In some instances, the Nosology as the list of
currently recognized disorders will constitute the
standard against which a possible “new” disorder
should be compared. And last but not least, the
Nosology offers a catalogue of genes involved in
skeletal development and homeostasis and should
be of interest and of inspiration to all those who are
working in skeletal biology and medicine.
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