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 Osteogenesis imperfecta (OI) comprises a heteroge-
neous group of diseases characterized by susceptibility to 
bone fractures with variable severity and, in most cases, 
with presumed or proven defects in collagen type I bio-
synthesis [Van Dijk et al., 2010c]. Other clinical manifes-
tations include short stature, blue sclerae, dentinogenesis 
imperfecta, and hearing loss.

  Epidemiology 

 OI has a birth prevalence of approximately 6–7/100,000 
[Steiner et al., 1993]. The prevalence and incidence of the 
OI types are different from each other, with OI type I and 
OI type IV accounting for considerably more than half of 
all OI cases [Steiner et al., 1993]. In 1979, Sillence et al. 
[1979] reported a prevalence of 3–4/100,000 and an inci-
dence of 3.5/100,000 for OI type I in Victoria, Australia. 
For OI type II the incidence is about 1–2/100,000 [Steiner 
et al., 1993], prevalence data are not available due to early 
lethality [Steiner et al., 1993]. OI type III has a prevalence 
of 1–2/100,000 [Steiner et al., 1993]. An incidence of 
1.6/100,000 has been reported in Australia [Sillence et al., 
1979]. OI type IV was believed to be a rare entity [Sillence 
et al., 1979], but this proved not to be the case [Steiner et 
al., 1993].
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 Abstract 
 Osteogenesis imperfecta (OI) is characterized by susceptibil-
ity to bone fractures, with a severity ranging from subtle in-
crease in fracture frequency to prenatal fractures. The first 
scientific description of OI dates from 1788. Since then, im-
portant milestones in OI research and treatment have, 
among others, been the classification of OI into 4 types (the 
‘Sillence classification’), the discovery of defects in collagen 
type I biosynthesis as a cause of most cases of OI and the use 
of bisphosphonate therapy. Furthermore, in the past 5 years, 
it has become clear that OI comprises a group of heteroge-
neous disorders, with an estimated 90% of cases due to a 
causative variant in the  COL1A1  or  COL1A2  genes and with the 
remaining 10% due to causative recessive variants in the 8 
genes known so far, or in other currently unknown genes. 
This review aims to highlight the current knowledge around 
the history, epidemiology, pathogenesis, clinical/radiologi-
cal features, management, and future prospects of OI. The 
text will be illustrated with clinical descriptions, including
radiographs and, where possible, photographs of patients 
with OI.  Copyright © 2011 S. Karger AG, Basel 
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  History 

 The earliest known patient with OI probably dates 
from about 1000 BC and appears to be an Egyptian in-
fant. This conclusion can be drawn after studying the re-
mains of an Egyptian mummy [Lowenstein, 2009].

  The first scientific description of OI was given by the 
Swedish army surgeon Olaus Jakob Ekman (1788) who, 
in his thesis on ‘congenital osteomalacia’, described a 
3-generation family with hereditary bone fragility [Pel-
tier, 1981; Baljet, 2002]. Since then, many names have 
been used to describe familial bone fragility. Willem Vro-
lik (1801–1863), a Dutch professor at the Athenaeum Il-
lustre of Amsterdam, introduced the term ‘osteogenesis 
imperfecta’ [Baljet, 1984] and was one of the first to real-
ize that OI might be due to insufficient intrinsic ‘genera-
tive energy’ [Baljet, 2002] as opposed to the result of an 
acquired disease.

  In the 20th century, it became clear that OI was a dis-
ease showing remarkable clinical variability with severity 
ranging from death in the perinatal period to subtle in-
crease in fracture frequency. Looser [1906] made the first 
classification of OI into congenital and tarda. Attempts 
were made to further classify OI, and in 1979 the ‘Sillence 
classification’ [Sillence et al., 1979] was proposed which, 
though in an adjusted form, is still in use today.

  In 1974, bone collagen aggregation abnormalities were 
described by scanning electron microscopy of bone col-
lagen in 3 patients with OI [Teitelbaum et al., 1974]. Sykes 
et al. [1977] reported altered relation of 2 collagen types 
in pepsin digests of skin of OI patients using a method of 
interrupted polyacrylamide-gel electrophoresis. In 1983, 
the presence of an internal deletion of about 0.5 kb in 1 
allele for the pro- � 1(I) chain in a patient with OI [Chu et 
al., 1983] was discovered. This finding was the beginning 
of the unraveling of the collagen type I biosynthesis and 
the pathogenic mechanisms of OI which are still not com-
pletely known today.

  Classification 

 In 1979, Sillence et al. [1979] proposed a numerical 
classification of OI into 4 types based on clinical and ge-
netic findings in OI patients ascertained in Victoria, Aus-
tralia. This classification distinguished type I (mild OI, 
blue sclerae, autosomal dominant inheritance), type II 
(lethal perinatal OI, autosomal recessive inheritance, lat-
er subdivided in II-A, -B, and -C based on radiographic 
features [Sillence et al., 1984], type III (progressively de-

forming, autosomal recessive inheritance), and type IV 
(dominantly inherited OI with normal sclerae). It is evi-
dent that Sillence et al. [1979] assumed that OI was a het-
erogeneous condition.

  OI was considered for some time to be an autosomal 
dominant disease with recurrence due to germ line mo-
saicism since heterozygous collagen type I mutations 
( COL1A1  or  COL1A2  mutations) were discovered in all 
OI types. The recurrence risk of OI type II was observed 
to be less than 10% [Byers et al., 1988; Cohn et al., 1990; 
Cohen-Solal et al., 1991; Pepin et al., 1997]. The Sillence 
classification was used only for the clinical/radiological 
classification of OI. Thereafter, studies were reported of 
families, in some cases consanguineous, with OI not 
caused by pathogenic variants in the  COL1A1  or  COL1A2  
genes [Wallis et al., 1993]. The original Sillence classifica-
tion was extended with OI types V–VII based on OI cas-
es with unknown genetic etiology and/or distinctive clin-
ical manifestations [Rauch et al., 2004].

  In 2006, the first genetic cause of autosomal recessive 
lethal OI was discovered, i.e. bi-allelic variants in the 
 CRTAP  gene causing complete loss of protein function 
[Barnes et al., 2006]. Partial loss of function  CRTAP  vari-
ants encoding cartilage-associated protein (CRTAP) were 
found to cause OI type VII [Morello et al., 2006]. Pres-
ently, 6 more causes of recessive OI (causative variants in 
 LEPRE1  [Cabral et al., 2007],  PPIB  [Van Dijk et al., 2009b; 
Barnes et al., 2010],  SERPINH1  [Christiansen et al., 2010], 
 FKBP10  [Alanay et al., 2010],  SP7  [Lapunzina et al., 2010], 
and  SERPINF1  [Becker et al., 2011]) have been described, 
all but 2 ( SP7  and  SERPINF1 ) concerning genes encoding 
proteins involved in collagen type I biosynthesis.

  There is some debate in the literature about how to
involve this newly discovered heterogeneity of OI in
the classification. One research group proposes to have 
OI caused by recessive causative variants in  PPIB ,
 SERPINH1 ,  FKBP10 ,  SP7 , and  SERPINF1  added to the 
current classification as OI type IX [Barnes et al., 2010] 
and presumably X, XI, XII, and XIII, respectively. An-
other viewpoint expressed by our research group is that 
the clinical/radiological characteristics of recessive OI do 
not substantially differ from OI type II-B, III or IV caused 
by dominant OI, so we propose to have recessive OI clas-
sified as OI type II-B/III/IV- PPIB / SERPINH1 / FKBP10 /
 SP7 / SERPINF1-  related. OI type I and OI type II-A appear 
to be exclusively caused by causative  COL1A1 / 2  variants 
[Van Dijk et al., 2009a]. We also proposed to only add a 
new numerical type when the phenotype of the patients 
differs from the numerical types described so far [Van 
Dijk et al., 2010c]. There is also debate as to whether Bruck 
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syndrome type 1 [Breslau-Siderius et al., 1998] and type 
2 [van der Slot et al., 2003], characterized clinically by 
bone fragility and congenital contractures of the large 
joints, should be classified as subtypes of OI.

  The International Nomenclature group for Constitu-
tional disorders of the Skeleton, among others concern-
ing the classification of OI, proposed to retain the Sillence 
classification into 5 types and free the classification from 
direct molecular reference. Bruck syndrome 1 and 2 were 
not listed as subtypes of OI [Warman et al., 2011].

  Collagen Type I Biosynthesis 

 Collagen type I biosynthesis consists of various im-
portant steps, which are explained in this section and de-
picted in  figure 1 .

  Nucleus 
 Approximately 90% of individuals affected with OI 

are heterozygous for a causative variant in 1 of the 2 
genes,  COL1A1  or  COL1A2  [Sykes et al., 1990; Körkkö et 
al., 1998], which encode the pro- � 1(I) and pro- � 2(I) 
chains of type I procollagen, respectively.

  Cytoplasm 
 Procollagen type I is cotranslationally translocated 

into the lumen of the endoplasmic reticulum [Canty and 
Kadler, 2005].

  Rough Endoplasmic Reticulum 
 Procollagen type I contains C- and N-terminal pro-

peptides and a large ‘triple helix’ domain comprising pre-
dominantly Gly-X-Y triplets. In the rough endoplasmic 
reticulum, 2  � 1(I)-collagen chains encoded by  COL1A1  
and 1  � 2(I)-collagen chain encoded by  COL1A2  align. 
Interactions between the C propeptides are largely stabi-
lized by interchain disulphide bounds to ensure correct 
alignment [Prockop et al., 1989]. Protein disulphide 
isomerase has also been implicated in the formation of 
inter-chain disulphide bonds [Canty and Kadler, 2005]. 
The 2 pro- � 1 chains and 1 pro- � 2 chain then assemble 
in the C- to N-direction to form a triple helix. During 
folding, collagen is modified by, among others, specific 
enzymes that hydroxylate lysine and proline residues and 
glycosylate hydroxylysyl residues. This post-translational 
modification stops when triple helix assembly is complete 
[Engel et al., 1991]. The CRTAP/P3H1/CyPB complex, en-
coded by the  CRTAP ,  LEPRE1  and  PPIB  genes, is respon-

  Fig. 1.  Collagen type I biosynthesis. rER = 
Rough endoplasmic reticulum; Golgi = 
Golgi apparatus; PM = plasma membrane; 
ECM = extracellular matrix. 
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sible for the 3-hydroxylation of P986 (p.P1164 counting 
from the methionine which initiates translation), but the 
complex most likely also acts as a proline cis-trans isom-
erase and a molecular chaperone [Ishikawa et al., 2009]. 
FKBP65 encoded by  FKBP10  also acts as a molecular 
chaperone for type I (pro)collagen [Alanay et al., 2010]. 
The protein product of  PLOD2  hydroxylates telopeptide 
lysines in the rough endoplasmic reticulum [van der Slot 
et al., 2003]. HSP47 encoded by  SERPINH1  is thought to 
maintain the stability of the triple helix [Christiansen et 
al., 2010].

  Golgi Apparatus 
 After folding, the procollagen molecules are trans-

ported through the Golgi apparatus and plasma mem-
brane into the extracellular matrix.

  Extracellular Matrix 
 In the extracellular matrix, cleavage of the N- and C-

terminal propeptides occurs, and collagen molecules ag-
gregate to form fibrils. Covalent cross-links occur within 
and between triple-helical collagen molecules in fibrils. 
These fibrils converge into collagen type I fibers.

  Genotype-Phenotype 

 Autosomal Dominant OI Types I, II-A, II-B, III, and 
IV 
 At present, more than 1,000 distinct variants in the 

 COL1A1  and  COL1A2  genes have been identified that 
give rise to OI (https://oi.gene.le.ac.uk) [Dalgleish, 1997, 
1998]. Types of mutation as well as position appear to in-
fluence the phenotype.

  OI type I is mostly characterized by a 50% reduction 
of the amount of collagen type I (quantitative or haploin-
sufficiency effect) usually resulting from variants in 1 
 COL1A1  allele (frameshift, nonsense, and splice-site al-
terations) that lead to mRNA instability and haploinsuf-
ficiency [Marini et al., 2007b] and sometimes from a de-
letion of the complete  COL1A1  allele [van Dijk et al., 
2010a] or from substitutions for glycine by small amino 
acids (cysteine, alanine and serine) near the amino ter-
minal ends of the triple helical domains in either one
 COL1A1  or  COL1A2  allele.

  OI types II–IV are characterized by intertwining of 
mutated and normal collagen type I chains resulting in 
production of abnormal collagen type I (dominant-nega-
tive effect). This occurs usually due to causative variants 
in either  COL1A1  or  COL1A2  that result in substitutions 

for glycine. Less common causative variants include 
splice-site alterations, insertion/deletion/duplication 
events that lead to in-frame sequence alterations and 
variants in the carboxyl-terminal propeptide coding
domains. Most of these variants result in synthesis of an 
abnormal type I procollagen molecule which has to inter-
twine with normal pro- �  chain(s) [Marini et al., 2007b]. 
This assembly leads to disturbed helical folding resulting 
in overprocessing by the enzymes responsible for post-
translational modification of (pro)collagen type I. Post-
translational overmodification of the triple-helical do-
main results in alterations visible by SDS-polyacrylamide 
gel electrophoresis.

  Autosomal Recessive OI Types II-B, III, IV 
 It is estimated that 10% of OI cases will be caused by 

recessive causative variants in 1 of the currently known 
genes ( CRTAP ,  LEPRE1 ,  PPIB ,  SERPINH1 ,  FKBP10 , 
 PLOD2 ,  SP7, SERPINF1 ) or in genes that have yet to be 
discovered.

  CRTAP
      CRTAP forms a complex with prolyl-3-hydroxylase-1 

(P3H1) and Cyclophilin B (CyPB). One known function 
of the complex is the 3-hydroxylation of a single proline 
residue at position 986 (P986) in the pro- � 1(I)-collagen 
chain [Marini et al., 2007a]. It is highly likely that the 
complex also acts as a cis-trans isomerase and a molecu-
lar chaperone [Ishikawa et al., 2009] initiating chain rec-
ognition and helical folding [Pyott et al., 2011b]. Most 
 CRTAP  variants are reported to cause autosomal reces-
sive lethal/severe OI [Barnes et al., 2006] types II-B and 
III, but CRTAP variants do not seem to cause OI type II-A 
[Van Dijk et al., 2009a]. Most causative variants result in 
null alleles with absence or severe reduction of gene tran-
scripts and proteins [Marini et al., 2010b]. Biochemically, 
decreased prolyl 3-hydroxylation of P986 is evident as 
well as post-translational overmodification on (pro)col-
lagen gel electrophoresis [Barnes et al., 2006].

   LEPRE1 
     LEPRE1  encodes P3H1 and pathogenic variants in 

 LEPRE1  cause autosomal recessive lethal/severe OI [Ca-
bral et al., 2007; Baldridge et al., 2008], types II-B/ III 
[Van Dijk et al., 2010b]. In most patients, the causative 
variants result in null alleles with absence or severe re-
duction of gene transcripts and proteins [Cabral et al., 
2007; Willaert et al., 2009; Marini et al., 2010a]. As in 
 CRTAP -related OI, decreased prolyl 3-hydroxylation of 
P986 in the pro- � 1(I)-collagen chains as well as post-
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translational overmodification are observed [Cabral et 
al., 2007].

  PPIB
     PPIB  encodes the protein cyclophilin B, a collagen-

specific proline cis-trans isomerase. CyPB is bound in a 
complex with P3H1 and CRTAP. Recessive variants in 
 PPIB  were described to cause OI with decreased P986 
3-hydroxylation and post-translational overmodification 
of type I (pro)collagen in 2 families [Van Dijk et al., 
2009b]. These findings were confirmed in other patients 
with OI types II, III and IV due to  PPIB  mutations [Pyott 
et al., 2011a]. Interestingly, in another family, a homozy-
gous  PPIB  variant in the presumed start codon of  PPIB  
(c.2T 1 G in the sequence of  PPIB  described by Price et al. 
[1991], c.26T 1 G in the current reference sequence of  PPIB  
(NM_000942.4))   appeared to cause only a moderately de-
forming type of OI without decreased P986 3-hydroxyl-
ation and detected post-translational overmodification 
but with absence of CyPB on Western blot [Barnes et al., 
2010]. At this point, it would be correct to state that reces-
sive variants in the  PPIB  gene can cause OI type II-B, III 
and IV with, in the majority of cases, decreased P986 
3-hydroxylation in the pro- � 1(I)-collagen chains and 
post-translational overmodification, as is seen in  CRTAP  
and  LEPRE1 -related OI.

  SERPINH1
      First detected in Dachshund pedigrees with OI [Dröge-

müller et al., 2009], bi-allelic causative missense variants 
in the  SERPINH1  gene encoding collagen chaperone pro-
tein HSP47 appear to result in severe recessive OI. HSP47 
monitors the integrity of the triple helix of type I procol-
lagen at the endoplasmic reticulum/cis-Golgi boundary. 
When absent, the rate of transit of procollagen type I 
chains from endoplasmic reticulum to Golgi appears to 
be increased and the triple helical structure is compro-
mised. Since the action of HSP47 appears not to be re-
quired for procollagen type I chain modification, no 
post-translational overmodification is visible on (pro)-
collagen gel electrophoresis [Christiansen et al., 2010].

   SERPINF1 
    Four individuals (2 related and 2 unrelated individu-

als) with OI type III, and without collagen type I over-
modification on electrophoresis, were recently described 
to harbor bi-allelic causative variants in  SERPINF1  lead-
ing to a loss of pigment-epithelium-derived factor (PEDF). 
The causative  SERPINF1  variants in the index patient 
were found by next generation sequencing. PEDF is known 

mainly for its strong inhibition of angiogenesis. However, 
expression analyses in bone tissue from wild-type mice 
and in vitro experiments with murine cell systems sup-
port a role for PEDF in bone formation and remodeling. 
It is speculated that a loss of PEDF causes OI independent 
of collagen type I biosynthesis [Becker et al., 2011].

   SP7 
  Recently, a homozygous causative variant in  SP7  was 

described in a patient with a moderately severe recessive 
form of OI with recurrent fractures, mild bone deformi-
ties, delayed tooth eruption, normal hearing, and white 
sclerae.  SP7  does not seem to encode a protein involved 
in the collagen type I biosynthesis pathway. However, it 
should be noted that in vivo studies to assess the effect on 
collagen type I production could not be performed [La-
punzina et al., 2010].  SP7  encodes Osterix, an osteoblast-
specific transcription factor that has been shown to be 
essential for bone formation in mice [Sun et al., 2010; 
Zhou et al., 2010].

  Autosomal Recessive OI/Bruck Syndrome 
  PLOD2  and  FKBP10 
    In 1998, a family was reported with bone fragility, con-

genital contractures of the large joints and aberrant cross-
linking of bone collagen [Breslau-Siderius et al., 1998]. 
The affected individuals were diagnosed as having Bruck 
syndrome which is characterized by bone fragility in 
combination with congenital joint contractures. A locus 
responsible for Bruck syndrome in this family was 
mapped to 17p12 [Bank et al., 1999]. In other families 
with similar clinical and biochemical features, recessive 
variants in  PLOD2 , encoding a bone-specific telopepti-
dase lysyl hydroxylase-2, appeared to be causative [van 
der Slot et al., 2003; Ha-Vinh et al., 2004]. All 3 causative 
variants identified in  PLOD2  are homozygote missense 
mutations affecting highly conserved residues in exon 17 
of  PLOD2 . These variants possibly alterate folding and 
isomerization of the protein, leading to severe reduction 
of the enzymatic activity [Hyry et al., 2009], which results 
in aberrant cross-linking of bone collagen due to under-
hydroxylation of lysine residues in the telopeptides.

  However, in the family described by Breslau-Siderius 
et al. [1998], no recessive variants in  PLOD2  were found, 
leading to a classification of Bruck syndrome in type I 
(with unknown genetic cause) and II (with recessive vari-
ants in  PLOD2 ) [van der Slot et al., 2003]. Recently, how-
ever, causative variants in  FKBP10  (locus 17q12) encoding 
FKBP65, were described to cause (a) recessive OI without 
post-translational overmodication of (pro)collagen type I 
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most closely resembling OI type III [Alanay et al., 2010] 
or (b) Bruck syndrome [Shaheen et al., 2010; Kelley et al., 
2011]. The genetic cause of Bruck syndrome type I in the 
originally described family has not been reported yet.

  Bone Formation and OI 

 Although causative variants in many genes are now 
known to result in OI, the pathogenic mechanism leading 
from causative variant(s) to OI is still largely unknown, 
which emphasizes the need to study normal bone forma-
tion.

  Bone consists of cells and mineralized extracellular 
matrix, it provides support and protection, is an insertion 
site for muscles and serves as a storage site for calcium 
and phosphate. Four cell types are active in bone tissue: 
(1) osteoprogenitor cells (resting cells that can transform 
into osteoblasts, chondrocytes and adipocytes), (2) osteo-
blasts, (3) osteocytes (mature osteoblasts), and (4) osteo-
clasts. The bone matrix (osteoid) is secreted by osteo-
blasts and consists of type I collagen and ground sub-
stance containing proteoglycans and non-collageneous 
glycoproteins. Resorption of the bone matrix is per-
formed by macrophage-related osteoclasts and is impor-
tant for adaption to growth, repair and mineral mobiliza-
tion [Ross et al., 1995].

  Bone consists of an outer layer of mature compact 
bone (cortex) largely composed of cylindrical units called 
osteons or Haversian systems. The inner layer of adult 
spongy bone is arranged as trabeculae or spicules ( fig. 2 A). 
Bone is formed by endochondral (long bones, ribs and 
vertebrae) ( fig.  2 B) or intramembranous (flat bones of 
skull and face, mandible, clavicle, ileum) ossification. In-
tramembranous ossification takes place by direct differ-
entiation of mesenchymal cells into osteoblasts that se-
crete osteoid. Osteoblasts retreat or become entrapped as 
osteocytes in the osteoid. The osteoid calcifies to form 
spicules of spongy bone, the spicules unite and form tra-
beculae. Endochondral bone formation is characterized 
by the presence of a cartilaginous model in which chon-
drocytes differentiate [Ross et al., 1995] ( fig. 2 B).

  Paracrine factors and transcription factors appear to 
be active in the transition of cartilage to bone. For ex-
ample, SOX9 is important for differentiation of mes-
enchymal cells into chondroblast (mutations in  SOX9 
 cause campomelic dysplasia [Unger et al., 1993]), whereas 
RUNX2 (mutations in  RUNX2  cause cleidocranial dys-
plasia [Mundlos et al., 1997]) is critical for differentiation 
of prehypertrophic chondrocytes into preosteoblasts and 

activation of Osterix (mutations in  SP7,  encoding Os-
terix, cause OI [Lapunzina et al., 2010]), which activates 
bone-specific proteins [Gilbert, 2010].

  Mineralized cartilage is replaced by bone through re-
modeling. During life, bone is remodeled through the ac-
tion of osteoblasts and osteoclasts, replacing old bone 
with new bone. Normally, remodeling is coupled such 
that the level of resorption is equal to the level of forma-
tion and bone density remains constant. The continued 
growth of the long bones is dependent on the presence of 
epiphyseal cartilage (epiphyseal plate) between the pri-
mary and secondary ossification centers. This continues 
to form new cartilage which is replaced by bone, resulting 
in increased length of the bone. Growth continues until 
the cartilage in the plate is replaced by bone.

  A study of iliac bone specimens of 70 children with OI 
type I, III and IV compared to 27 age-matched controls 
reported that in OI bone thickness is reduced because of 
delayed periosteal bone formation. Trabeculae are re-
duced in number and abnormally thin. The overall bone 
formation is increased but counteracted by increased ac-
tivity of bone resorption [Rauch and Glorieux, 2004].  Fig-
ure 2 C compares bone tissue of an individual affected 
with OI to a control.

  Prenatal and Postnatal Diagnosis of OI with Clinical 
Examples 

 The severity of clinical features of OI at birth ranges 
from no clinical features to prenatally lethal skeletal ab-
normalities. The clinical variability of OI led to a classi-
fication of OI originally in 4 types [Sillence et al., 1979]. 
In 2004, OI type V, VI and VII were added to this clas-
sification. Important for the prenatal as well as postnatal 
diagnosis of OI is that a continuum of severity is observed 
in OI with clinical overlap between OI types I and IV, II 
and III, III and IV.  Tables 1  and  2  represent an overview 
of the clinical and radiological characteristics of OI type 
I–VI. In our opinion, the addition of OI type VII and the 
newly proposed OI types VII–XII are unnecessary [Van 
Dijk et al., 2010c].  Figures 3–  7  are clinical pictures and 
radiographs of patients with OI type I, II, III, IV with case 
descriptions in the legend.

  Prenatal Diagnosis of OI 
 OI type II and III ( fig.  4–  6 ) can prenatally be diag-

nosed with ultrasonography since they are likely to have 
prenatal fractures that can be observed. Increased nuchal 
translucency can be the earliest (nonspecific) sonograph-
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  Fig. 2.  A Compact and spongy bone.     B Endochondral ossification. 
Endochondral ossification occurs when mesenchymal cells dif-
ferentiate into chondroblasts that produce a cartilage matrix. This 
cartilage acquires the shape of the bone that will be formed. A 
periosteal collar of bone forms around the diaphysis. Osteoblasts 
in this region are engaged in periosteal bone formation, which is 
responsible for the growth in thickness of long bones. In the cen-
tre of the diaphysis chondroblasts hypertrophy, the cartilage ma-
trix becomes calcified, blood vessels and connective tissue cells 
evade the calcified cartilage, creating a marrow cavity (primary 
ossification center). Trabeculae of calcified cartilage (primary 
and secondary spongiosa) remain at the 2 ends of the cavity on 
which endochondral bone forms (secondary ossification centers). 
  C  Histologic abnormalities in OI compared to a control. Panels  a , 
 c  and  e  show histology of a normal control femur at 18 weeks of 
gestational age (GA). Panels  b ,  d  and  f  are from an 18-week GA 
type II OI case. The transition zone of cartilage to primary spon-
giosa is sharp in both cases ( a ,  b ). Minor disruption can occur due 
to fractures and scar formation in the primary spongiosa (not 
shown). Panel  d  shows extensive metaplastic cartilage formation 
at the sight of a fracture. The bony trabeculae are hypercellular 
and the marrow is fibrotic. Panel  e  shows normocellular trabecu-
lae and hematopoietic marrow between these trabeculae. In the 
severe OI cases, the trabeculae are thin, irregular and hypercel-
lular in comparison with normal trabeculae ( f ). The marrow in 
between is fibrotic with hardly any hematopoiesis ( d ,  f ). 

  2A  

  2B  

  2C  
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Table 1. C linical characteristics of OI

Type Ia II-Ab II-Bb IIIa IVa Vc VId

Inheritance AD AD AD/ARe AD/ARf AD/ARg AD AR
Severity mild perinatal lethal severe moderate-mild moderate moderate moderate
Congenital fractures no yes yes usually rarely no no
Bone deformity rarely very severe severe moderate-severe mild-moderate moderate moderate
Sclerae predominantly blueh dark bluei dark bluei blue/grey/whitej normal-greyk normal normal
Stature normall severely shortm severely shortn very shorto variable shortp variable mild short 

stature
Joint hypermobility yesq yes yes yesq variable variable variabler

Hearing loss present in �60% 
of casess

NA NA commont present in �42% 
of casesu

no no

Dentinogenesis
imperfecta (DI) variablev NA NA yesw variable no no

Respiratory complications no yesx yesx yesy no no no
Neurological complications no NA NA yesz no no no

 a  OI type I, II, III, and IV constitute the original Sillence classification 
[Sillence et al., 1979].

b OI type II has been divided in OI type II-A, II-B and II-C on the base 
of radiological characteristics [Sillence et al., 1984]. II-C is an uncertain 
entity that is extremely rare; it is left out of consideration in this table.

c OI type V was added to the Sillence classification based on distinct 
clinical/radiological (limitations in the range of pronation/supination in 
one or both forearms associated with a radiologically apparent calcification 
of the interosseous membrane) and histological features (irregular ar-
rangement or meshlike appearance of lamellae) in patients originally diag-
nosed with OI type IV in the absence of COL1A1/2 mutations [Glorieux et 
al., 2000].

d OI type VI was added to the Sillence classification because of distinct 
histological features (increase in both osteoid surface and thickness point-
ing to a mineralization defect) in the absence of COL1A1/2 mutations in 
patients originally diagnosed with OI type IV but without abnormalities of 
collagen type I on electrophoresis. Autosomal recessive inheritance is pre-
sumed because of 2 consanguineous families with recurrence of OI in 1 of 
these families [Glorieux et al., 2002].

e Recessive variants in CRTAP, LEPRE1 and PPIB have been described 
to result in a clinical/radiological phenotype indistinguishable from OI 
type II-B [Van Dijk et al., 2009a, b, 2010b].

f Recessive variants in CRTAP, LEPRE1, PPIB, SERPINH1, SERPINF1, 
FKBP10 can result in a clinical/radiological phenotype of OI type III [Bal-
dridge et al., 2008; Van Dijk et al., 2009a, b; Alanay et al., 2010; Christiansen 
et al., 2010; Becker et al., 2011; Pyott et al., 2011a].

g Recessive variants in CRTAP, PPIB, SP7 can result in a clinical/radio-
logical phenotype of OI type IV [Morello et al., 2006; Barnes et al., 2010; 
Lapunzina et al., 2010; Pyott et al., 2011a].

h In infants <1 year, blue sclerae can be observed as a normal phenom-
enon due to a thin, scleral envelope and the underlying darkly pigmented 
choroid layer [Aase, 1990]. This normal blue sclera usually disappears by 1 
year of age. In OI, the presence of blue sclera is not associated with any sig-
nificant ocular pathology [Zack et al., 2007]. A correlation between blue 
sclerae and reduced corneal thickness has been described [Evereklioglu et 
al., 2002] but has also been challenged by opposite findings [Sarathchandra 
et al., 1999]. In spite of also other explanations [Eichholtz and Müller, 1972; 
Lanting et al., 1985], the etiology of the blue sclerae in OI type I is unclear 
[Zack et al., 2007].

i–k The blue sclera in OI type II, as well as the blue sclera that can be 
observed in OI type III (and sometimes in OI type IV), are probably the 
result of the light reflected from the pigmented layers of the eye because of 
abnormal slender collagen fibrils and reduced tissue thickness [Chan et al., 
1982; Pedersen and Bramsen, 1984; Zack et al., 2007].

l Short stature has been described in OI type I, but most patients do not 
meet the criteria of growth deficiency (>–2 SD). However, in most instanc-
es they will be shorter than family members [Marini et al., 1995].

m–p The cause of short stature in OI is unclear. Children with OI type 
III will typically have a final adult stature in the range of a prepubertal 
child. The final stature of a child with OI type IV approximates that of an 
early teenager [Marini, 2010a].

q Generalized hypermobility is described in OI type I [Engelbert et al., 
1997]. Joint hypermobility (ligamentous laxity) is also a feature of OI types 
II-A, B and III [Spranger et al., 2003].

r Of the first 16 patients with OI type VI, 50% had ligamentous laxity 
[Glorieux et al., 2002].

s–u According to a Finnish study in adult patients with OI, conductive 
or mixed hearing loss in late adolescence is observed in 60.4% of patients 
with OI type I, 42.3% of patients with OI type IV and is common in OI type 
III. The hearing loss in OI resembles that of otosclerosis. In most cases, the 
hearing loss is initially conductive and later mixed or sensorineural. It is 
common in adults and usually progressive [Kuurila et al., 2002].

v OI type I and IV have been subdivided in the past based on absence of 
DI (1A, IVA) and presence of DI (IB, IVB) [Levin et al., 1978].

w In DI observed in patients affected with OI (fig. 9), the dentine struc-
ture of both primary and secondary dentitions are abnormal with teeth 
appearing typically amber and translucent and showing significant attri-
tion [Barron et al., 2008].

x, y Infants with OI type II die mostly perinatally of respiratory insuf-
ficiency or pneumonias. Children with OI type III develop vertebral col-
lapse and kyphoscoliosis later in life, which contribute to restrictive lung 
disease. They are at risk for developing multiple pneumonias. Lung disease 
can progress into cor pulmonale [Marini, 2010a].

z There is a risk of basilar invagination in patients with OI type III 
[Marini, 2010a]. 
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ic sign of OI type II [Viora et al., 2002]. Sonographic signs 
of OI type II can be detected as early as 14 weeks [Marini 
et al., 2007b] due to reduced echogenicity of the fetal 
bones, followed by multiple fractures at various stages of 
healing and deformity of the long bones, ribs and skull 
[Morgan and Marcus, 2010]. Sonographic details of OI 
type III are usually visible from 18 weeks [Marini et al., 
2007b], whereas OI type IV may occasionally be detected 
after 20 weeks [Marini et al., 2007b] and may consist of 
bowing of the long bones with or without shortening and 
without evidence of fractures or osteopenia. Prenatal ul-
trasonographic diagnosis of OI type I is unreliable. For 
differential diagnosis, campomelic dysplasia and perina-
tal lethal hypophosphatasia can be considered [Morgan 
and Marcus, 2010]. Pathognomonic radiological/ultraso-
nographic features of campomelic dysplasia are cervical 

spine abnormalities, scapular hypoplasia, narrow iliac 
wings, bowing of the femora and the tibiae, and club feet 
[Unger et al., 1993]. Distinguishing features of perinatal 
lethal hypophosphatasia are (i) deficient ossification of 
the spine notably in the thoracic region with patchy os-
sification of ribs and vertebrae, and (ii) deep cupping of 
the metaphyses of the long bones [Zankl et al., 2008].

  The ultrasonographic prenatal diagnosis of OI can be 
confirmed by laboratory investigations either by (a) per-
forming a chorion villus biopsy with cultured chorion 
villi cells showing abnormal production of collagen type 
I, visible as post-translational overmodification on pro-
collagen electrophoresis, or (b) by performing a chorion 
villus biopsy/amniocentesis to obtain fetal DNA for mo-
lecular analysis of genes involved in OI. Recently, guide-
lines have been established for the laboratory diagnosis of 

a b

  Fig. 3.  A Clinical pictures of patients with OI type I. Blue sclerae 
in a mother and daughter with OI type I.  Clinical synopsis:  An 
Iranian mother and daughter were referred because of suspected 
OI. The mother, 28 years old, has had 3 fractures in the wrist, 
ankle and femur occurring between 2–3 years of age. She de-
veloped hearing loss at the age of 13–14. She has strikingly blue 
sclerae, her height is 160 cm (–1.5 SD) and she has no evidence of 
dentinogenesis imperfecta (DI). The daughter, 8 years old, has had 
no fractures, a normal height of 125 cm (–1 SD) and no DI or hear-
ing loss. Only deep blue sclerae can be observed. Coincidentally, 
she appears to have decreased vision due to deterioration of cone 
cells. Radiographs and bone densitometry of both mother and 
daughter were normal. There were no family members affected 
with OI. Molecular analyses of the  COL1A1 / 2  genes revealed a 
heterozygous variant in the  COL1A1  gene creating a premature 

stop codon (c.1081C 1 T; p.Arg361X).                            B  Radiographs of a patient 
with OI type I.            a  Lateral radiograph showing osteopenia and mid 
thoracic vertebral compression fracture (open arrow). Note a gen-
eral decrease in height, compared to adjacent vertebral bodies, 
and some wedging.  b  Oblique mid-diaphyseal fibula fracture 
(open arrow) and a communitive diaphyseal tibia fracture (ar-
row).  Clinical synopsis :   The patient is a 10-year-old girl with OI 
type I due to a deletion of the whole  COL1A1  allele, who had 8 
fractures so far. A fracture of the femur was noted shortly after 
birth. Her length is 128.5 cm (–2.5 SD), head circumference is 53.5 
cm (0 SD) and bone density of the hips and lumbar vertebral col-
umn is between –4 and –7 SD, as measured by dual X-ray absorp-
tiometry. She has wormian bones, a scoliosis and grey-blue scler-
ae typical for OI. She has no DI [van Dijk et al., 2010a].                       

  3A  

  3B  
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OI. Molecular analysis of the  COL1A1/2  genes will be the 
first step, followed by DNA analysis of the other causative 
genes upon re-evaluation and confirmation of the diag-
nosis OI [van Dijk et al., 2011].

  Prenatal or preimplantation genetic diagnosis with the 
intention of terminating a pregnancy or not selecting em-
bryos carrying the causative variant(s) is possible in the 
case of identification of known disease-causing variants 
[van Dijk et al., 2011].

  Postnatal Diagnosis of OI 
 OI types I–V are clinically diagnosed peri- (types II, 

III and sometimes IV) and postnatally (all types). A flow 
diagram for the postnatal diagnosis of OI is presented in 
 figure 8 . Clinical case examples are presented in  figures 
3 ,  6  and  7 . For differential diagnosis, rare genetic condi-
tions such as Bruck syndrome (MIM 259450, 609220), 
Osteoporosis pseudoglioma syndrome (MIM 259770), 
Cole-Carpenter syndrome (MIM 112240), Hajdu-Cheney 
(MIM 102500), and gerodermia osteodysplastica (MIM 

231070) can be considered. Furthermore, idiopathic juve-
nile osteoporosis (MIM 259750) and isolated dentinogen-
esis imperfecta (MIM 125490) can be important differen-
tial diagnostic considerations. The most common to be 
considered is nonaccidental injury (NAI), frequently in 
cases of suspected OI type I or IV [Bilo et al., 2010]. Frac-
tures resulting from NAI occur in 24/10,000 children un-
der 3 years of age, whereas the OI prevalence is 1/10,000–
20,000 [Marlowe et al., 2002]. In the study by Marlowe et 
al. [2002], the reported incidence of OI among children 
evaluated for NAI was 2–5%. Differentiation between OI 
and NAI is aided by an experienced clinician familiar 
with OI [Ablin et al., 1990]. A positive family history, the 
presence of blue sclerae, osteoporosis, multiple wormian 
bones in the skull, and platyspondyly point to OI [Chap-
man and Hall, 1997]. The laboratory confirmation of OI 
is made preferably by DNA analysis of the genes involved 
in OI or by decreased or abnormal production of (pro)
collagen type I by fibroblasts measured on procollagen 
electrophoresis.

a b

  Fig. 4.  A OI type II-A in a preterm infant. Skeletal overviews with-
out (           a ) and with ( b ) silver nitrate impregnation show generalized 
osteopenia with diminished ossification of the calvarian bones and 
gross skeletal deformation. No vertebral anomalies are seen. The 
ribs are broad with continuous fractures (continuous beading). The 
long bones show multiple fractures and are shortened, deformed 
and broadened.  Clinical synopsis : It concerned the second pregnan-
cy of a nonconsanguineous Caucasian couple. At a gestational age 
of 21 weeks, ultrasonographic abnormalities were seen. All long 
bones were severely shortened ( ! p5). Bowing of the humeri and the 
femora was observed. The skull appeared somewhat doligocephal-

ic with a remarkable clear imaging of the cerebrum and could be 
deformed by pressure of the ultrasound transducer. The parents 
decided to terminate the pregnancy, and a child was born at a ges-
tational age of 22+3 weeks with a birth weight of 160 g. A skeletal 
overview revealed an almost total absence of skull mineralization 
and multiple fractures of the ribs and the long bones consistent with 
a diagnosis of OI type II-A. Bone histology showed hypercellular 
irregular trabeculae with multiple fractures, fibrotic marrow and 
metaplastic cartilage formation. On collagen electrophoresis, post-
translational overmodification was observed. A causative variant 
in the  COL1A1  gene was found (c.2300G 1 A; p.Gly767Asp).                         
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  Genetic Counseling 

 In a large majority of patients, OI type I is caused by 
dominant (de novo or recurrent) causative variants in the 
 COL1A1 / 2  genes.

  OI types II–IV can be autosomal dominantly and au-
tosomal recessively inherited. In case of autosomal 
dominant inheritance, the causative variant is either de 
novo or, with clinically unaffected parents, recurrent 
due to germ line mosaicism in a parent. The empirical 
recurrence risk is a mixture of recurrence risk due to 
gonadal mosaicism and autosomal recessive inheri-
tance.

  Pepin et al. [1997] reported a 2% empirical recurrence 
risk of lethal OI for families with one previous affected 
child. In a recent study conducted by Pyott et al. [2011b], 
a recurrence rate of 1.3% was observed for lethal OI 
(based on 1 recurrence in 76 families with 1 previous af-
fected child). Interestingly, it was reported that approxi-
mately 16% of parents with 1 affected child due to a caus-
ative variant in  COL1A1/2  was mosaic in somatic cells 
[Pyott et al., 2011b], resulting in a higher risk of recur-
rence of OI in these families.

  Identifying the causative variant(s) and DNA analysis 
of the parents in case of a causative variant in  COL1A1/2  
is necessary for an accurate estimate of the recurrence 
risk, which is important for genetic counseling in case of 
early prenatal diagnosis and preimplantation genetic di-
agnosis [Pyott et al., 2011b].

  Management 

 When the diagnosis OI has been established, the af-
fected individual should preferentially be evaluated by a 
multidisciplinary team [Steiner et al., 1993]. Important 
members of the team would be orthopedic surgeons, re-
habilitation physicians, endocrinologists, physical thera-
pists, and pediatricians. Referral to other disciplines can 
take place upon individual needs and for routine surveil-
lance such as dental controls. Management consists of 
pharmacological treatment, orthopedic treatment, phys-
ical medicine, dental treatment, treatment for hearing 
loss, and prevention of primary (e.g. basilar impression) 
and secondary (e.g. problems due to general medical dis-
ciplines) complications [Steiner et al., 1993].

a

b c

 Fig. 4.  B  Perinatal OI type II-A.            a  Skeletal overview of a 
35+4-week-old fetus with OI type II-A shows multiple 
fractures of both the long bones as well as the ribs. Note 
the under mineralization of the skull and its deformity 
on the left side.  b  Detail of the lower extremities shows 
multiple consolidated fractures resulting in deformed 
growth of the femurs, tibiae and fibulae.  c  Lateral ra-
diograph of the lumbar spine shows mild platyspon-
dyly (arrow).  Clinical synopsis : It concerned the first 
pregnancy of a nonconsanguineous Caucasian couple. 
At a pregnancy duration of 35+4 weeks, a boy was de-
livered by caesarean section. Apgar scores were 4/4/4 
after 1, 5 and 10 min, respectively. Birth weight was 
1,100 g. Blue sclerae with proptosis were visible. The 
thorax was small and bell-shaped. Fractures of the ribs 
were felt. Gasping breath with insufficient thorax ex-
cursions was apparent. Auscultation of the heart re-
vealed bradycardia with no other anomalies. The skin 
was thin and fragile with a large skin defect temporo-
occipital. The extremities were short and deformed. 
The child died 30 min after birth due to severe respira-
tory and circulatory insufficiency. A skeletal overview 
was consistent with a diagnosis of OI. Histology showed 
decreased osteoid formation at the level of the primary 
spongiosis in combination with decreased numbers of 
osteoblasts and osteoclasts. A causative variant in the 
 COL1A1  gene c.1804G 1 A; p.Gly602Arg was found.                             
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  Pharmacological Treatment 
 Oral and intravenous bisphosphonates are commonly 

prescribed for all OI types, adults and children since the 
first publication of the effect of bisphosphonate treatment 
in children with severe OI [Glorieux et al., 1998]. The 
main rationale for bisphosphonate therapy is based
on several (not placebo-controlled) clinical trials that 
showed improvements of bone mineral density in indi-
viduals with OI. Nitrogenous bisphosphonates disrupt 
osteoclast formation, survival and cytoskeletal dynam-
ics, and non-nitrogenous bisphosphonates initiate osteo-
clast apoptosis. A recently published systematic review of 
bisphosphonate treatment in OI [Philippi et al., 2009] 
concluded that in a relatively small group of patients, 
there is significant improvement in bone mineral density 
in individuals affected with OI and treated with oral or 
intravenous bisphosphonates. However, the most impor-
tant question arising is whether increase in bone mineral 
density leads to fracture reduction and functional im-
provement; this has not been answered yet and warrants 
further investigations [Philippi et al., 2009]. The use of 

growth hormone to affect short stature in types III and 
IV OI [Marini et al., 2003] is still under active investiga-
tion [Marini et al., 2010a].

  Orthopedic Treatment 
 In case of decreased bone mineralization, high frac-

ture frequency and/or bone deformities, intramedullary 
rods will be placed in the majority of patients with OI 
types III and IV and sometimes in OI type I [Monti et al., 
2010]. These rods are inserted in the bone marrow canal 
in the center of the long bones and are used to align and 
stabilize fractures ( fig. 6 Ba and  7 C, D). Severe scoliosis 
occurs most often in patients with OI type III ( fig. 6 Be) 
and sometimes IV and appears not to be related to the 
number of vertebral compression fractures. Since severe 
scoliosis can lead to pulmonary insufficiency, corrective 
surgery is often performed when the curvature is less 
than 60° [Marini et al., 2010a]. In case of anesthesia, pre-
cautions should be undertaken during intubation be-
cause of possible cervical fragility, and the patient should 
be carefully monitored during surgery because of the 

b

  Fig. 5.  A OI type II-B in a preterm infant. Fetal anteroposterior ra-
diographs of proband 1 from family 1 at 21+2 weeks of gestation 
show: normal skull mineralization for gestational age, slender ribs 
without fractures, incomplete ossification of T5 and T12, some-
what irregular proximal metaphyses of the humeri, radii and ul-
nae, and bowing of the ulnae. Bowed femora with fractures and 
some loss of modeling, bowed tibiae and fibula are apparent, pos-
sibly with fractures.  Clinical synopsis : The affected individual was 
delivered after termination of pregnancy at 22+1 weeks of gesta-
tion. She was the second child of nonconsanguineous North Eu-
ropean parents. During pregnancy, the diagnosis OI was suspect-
ed based on advanced ultrasounds. Bone histology was indicative 
of OI. Overmodification of collagen type I in fibroblasts was
evident on electrophoresis. A homozygous causative variant 

c.556_559delAAGA in exon 5, resulting in p.Lys186GlnfsX8, was 
detected in the  PPIB  gene [van Dijk et al., 2009b].                                                B  Perinatal OI 
type II-B.            a  Radiograph shows diminished but visible mineraliza-
tion of the calvarium. The ribs show multiple fractures in a discon-
tinuous pattern with normal rib parts in between callus formation 
(discontinuous beading). There are bilateral clavicular fractures.
  b  The long bones of the lower extremities are broadened, deformed 
and shortened as a result of multiple fractures. There is no complete 
loss of modeling of the femora.    Clinical synopsis : It concerned the 
first pregnancy of a nonconsanguineous Caucasian couple. A boy 
was born at term. A severe skeletal dysplasia was suspected. A skel-
etal overview showed decreased skull mineralization and multiple 
fractures of the ribs and the long bones. A causative variant in the 
 COL1A2  gene was found (c.1720G 1 A; p.Gly574Ser).                             

a

  A  

  B  
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(possibly weak) association with hyperthermia during 
anesthesia [Monti et al., 2010; Oakley and Reece, 2010]. 
Nonsurgical management consists of bracing and splint-
ing interventions [Monti et al., 2010].

  Physical Medicine Treatment (Rehabilitation) 
 An intensive rehabilitation program is necessary espe-

cially in OI types III and IV [Monti et al., 2010] with ear-
ly intervention such as correct positioning of the child 
and proper head support, muscle strengthening (isoton-
ic) and aerobic conditioning [Marini et al., 2010a].

  Dental Treatment 
 In patients with dentinogenesis imperfecta, fractures 

and excessive wear of fragile teeth often occurs ( fig. 9 ). 
This can be treated by capping teeth with hard polymers 
in order to prevent infections and facial deformities due 

to the loss of (parts of) teeth and/or malocclusion [Mon-
ti et al., 2010].

  Treatment for Hearing Loss 
 Hearing loss often occurs in adults with OI. Initially

it concerns conductive hearing loss, but as the hearing 
loss progresses, a significant sensorineural component 
emerges. Surveillance for hearing loss is advised after ad-
olescence every 3–5 years [Steiner et al., 1993]. Initially, 
hearing aids will be sufficient. As the hearing loss pro-
gresses, stapedectomy can be considered for which suc-
cessful outcomes have been reported; however, long-term 
hearing restoration may be unsatisfactory due to fragility 
of the ossicular middle ear structures. Cochlear implan-
tation has been reported because of the sensorineural 
hearing loss, but data are too limited to draw conclusions 
on effectiveness [Marini et al., 2010a].

a

c

b

  Fig. 6.  A Clinical pictures of a patient with OI type III.            a–  c  White 
sclerae, severe kyphoscoliosis with thoracal deformation, severe 
shortening and bowing of arms and legs.    Clinical synopsis : a 
10-year-old Iranian girl was born with fractures of the humerus 
and the tibia. According to the parents, their daughter has had 
about 100 fractures up to now. Her length is 88 cm (   !  ! –3 SD; 0 
SD for a 2-year-old child), weight is 13 kg (0.5 SD (weight for 
length)) and her head circumference is 49 cm (+2 SD (HC for age)). 
She has white sclerae. DI was apparent. The skin was soft. Cogni-
tion was normal. Molecular analysis of the  COL1A1 / 2  genes is 
currently being performed.                           
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a

b

c

d e

 Fig. 6.  B  Radiographs of a patient with OI type III.            a  The skull 
shows normal mineralization. The spinal column shows normal 
development and no fractures. The ribs are slender without frac-
tures. No fractures of humeri, radii and ulnae are visible. Multiple 
fractures of femora with loss of modeling (arrow) can be observed 
in combination with fracture and bowing of right tibia (arrow-
head).  b  Wormian bones (see inset), broad skull.  c  At the age of 5 
years, radiographs of the lower extremities show osteopenia and 
multiple fractures for which surgical intervention, using intra-
medullary rods, has been performed. No popcorn epiphyses are 
observed. Multiple growth acceleration lines are visible due to in-
travenous biphosphonate treatment and calcium suppletion (ar-
row).  d  Radiograph of the left arm shows normal epiphyses, with 
a broad metaphysis of the distal humerus. Note mid-diaphyseal 

fractures of the radius and ulna. Dislocation of the radial head is 
observed.  e  AP Spine shows platypondyly and scoliosis.  Clinical 
synopsis  :  In the first pregnancy, abnormalities of the extremities 
were observed in the fetus at 23 weeks of gestation. At the 24th 
week of gestation, short upper and lower extremities were ob-
served indicative of a severe skeletal dysplasia. At a gestation of
40+4 weeks, a Caucasian boy was born. He had a round face with 
shallow orbits, greyish sclerae, small thorax, rhizomelic shorten-
ing of the upper and lower extremities, abducted position of the 
legs, and normocephaly. A skeletal overview showed multiple 
fractures suggestive of OI type II-B/III. The child is alive at the 
age of 4 years with a current diagnosis of OI type III due to a ho-
mozygous  CRTAP  mutation (intron 1, c.471+2C 1 A) [van Dijk et 
al., 2009a].                                 
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  Fig. 7.  Clinical pictures and radiographs of 
a patient with OI type IV.            A ,  B  White scler-
ae, muscular upper extremities, wheel-
chair bound.  C  AP radiograph of the abdo-
men, of poor quality, shows a compression 
fracture of T10 (between arrows).  D  ,   E  Ra-
diographs of the lower extremities show 
reduced bone density and thin tibia shafts 
with both fibula being very thin and tortu-
ous. Intramedullary rods are in position. 
 Clinical synop  sis:  A 33-year-old Iranian 
man consulted a clinical geneticist when 
his wife was pregnant as he wanted to be 
informed about the chance of recurrence 
of OI in his unborn child. His height and 
head circumference are, respectively, 145 
cm (–5.5 SD) and 57 cm (–0.5 SD). He 
claims he has had multiple fractures first 
occurring at 2 years of age. Unfortunately, 
no documented medical history is avail-
able. His sclerae are greyish. No hearing 
loss or DI is present. His father and sister 
were also known to be affected with OI. 
MLPA analysis of the  COL1A1  gene 
showed a partial deletion of  COL1A1  (exon 
6–51).                                   
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  Basilar Invagination 
 Basilar invagination is a rare complication occurring in 

adults with OI type III when the top of the C2 vertebra mi-
grates upward which may lead to (partial) closure of the 
foramen magnum with hydrocephalus, pressure on the 
brain stem, syrinx formation, and hindbrain herniation, 
requiring ventricular shunt placement or surgery. Only 
prolonged orthotic immobilization has been proven to sta-
bilize symptoms and arrest progression [Monti et al., 2010].

  Pregnancy and Mode of Delivery 
 Pregnant women with OI who have significant skeletal 

deformity and short stature should be monitored in high-
risk prenatal care centers, not only for maternal reasons 
but also because of the risk that the fetus is affected with 
OI as well [Steiner et al., 1993]. In a large retrospective 
study of 167 pregnancies in which a child was affected 
with OI, there was an unusually high rate of breech pre-

sentation at term (37%). Cesarean delivery did not de-
crease fracture rates at birth in infants with OI types I, III 
and IV nor did it prolong survival in OI type II. Prenatal 
diagnosis did not influence the mode of delivery in most 
instances [Cubert et al., 2001].

Abnormal modeling of long bones?

Multiple prenatal congenital rib
fractures and/or short narrow
thorax with respiratory insufficiency 

Blue sclerae?***

Yes

No

OI type I

Short, crumpled femora
with continuously
beaded (fractured) 
ribs and almost no
skull mineralization?

Some modeling of
femora with discontinu-
ously beaded (fractured) 
ribs and decreased
skull mineralization?

Consider differential
diagnosis of OI

No

Uni- or bilateral
calcification of 
osseous membrane
between forearms?

OI type III

OI type IV OI type V

OI type II-A

OI type II-B

Yes

Yes

No

No

Yes

Yes

No

No

Clinical suspicion of OI (non-familial)*

Skeletal overview**

YesNoYes

NoYes

Progressively
deforming?

Wormian bones
and/or osteopenia?

OI unlikely,
cave NAI  

  Fig. 8.  Flow schedule for postnatal diagno-
sis of OI.  *  Recurrent fractures, shortening 
of limbs, deformation of bones, short stat-
ure, early osteoporosis, blue sclerae, hear-
ing loss, dental problems, and joint laxity. 
 *  *  Particularly in case of short stature and/
or disproportiate stature and/or clinical 
deformity of long bones.  *  *  *  In infants          ! 1 
year, blue sclerae can be a normal phenom-
enon.                                                   

  Fig. 9.  DI in a patient with OI type III.                                                                         
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