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Summary Osteogenesis imperfecta is a rare hereditary
disease mostly caused by mutations impairing collagen
synthesis and modification. Recently recessive forms
have been described influencing differentiation and
activity of osteoblasts and osteoclasts. Most prominent
signs are fractures due to low traumata and deformities
of long bones and vertebrae. Additional patients can be
affected by dwarfism, scoliosis Dentinogenesis imper-
fecta, deafness and a blueish discoloration of the sclera.
During childhood state of the art medical treatment
are i.v. bisphosphonates to increase bone mass and to
reduce fracture rate. Surgical interventions are needed to
treat fractures, to correct deformities and should always
be accompanied by physiotherapeutic and rehabilitative
interventions.

Keywords Osteogenesis imperfecta - Genetic heteroge-
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Osteogenesis imperfecta: Update zu
Pathophysiology und Therapie

Zusammenfassung Die Osteogenesis imperfecta ist
eine seltene angeborene Erkrankung, welche in ~ 85% der
Félle auf Mutationen in den Kollagengenen COL1A1/A2
beruht. Folglich kommt es in den Osteoblasten zu einer
verdnderten Kollagensynthese und -modifikation. In den
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letzten Jahren ist es gelungen, die genetische Ursache fiir
seltene rezessive Formen, welche nicht nur die Osteo-
blastenfunktion, sondern auch die Osteoklastenfunk-
tion verdndern, zu identifizieren. Das fithrende klinische
Symptom ist die erh6hte Knochenfragilitdt im Rahmen
niedrig-traumatischer Ereignisse und die Deformierung
derlangen Rohrenknochen. Zusitzlich konnen eine Den-
tinogenesis imperfecta, ein Kleinwuchs, eine Schwerho-
rigkeit und eine ,Blau- bzw Grauverfirbung" der Skleren
auftreten. Die Therapie basiert auf 3 Ansédtzen: Wahrend
Kindheit und Jugend ist die intravendse Gabe von Bis-
phosphonaten die medikamentdse Therapie der Wahl
mit der best verfiigbaren Evidenz. Chirurgische / ortho-
pddische Interventionen sind notwendig zur Versorgung
komplizierter Frakturen und der elektiven osteosynthe-
tischen Begradigung im Falle schwerer Deformierungen
der Extremitdten. Sowohl die medikamentdse Therapie
als auch orthopédische Eingriffe sollten kontinuierlich
von physiotherapeutischen Mafinahmen begleitet wer-
den, um eine Kréftigung der Muskulatur als wichtigstem
osteoanabolen Stimulus und eine langfristige Selbstidn-
digkeit der Betroffenen zu gewidhrleisten.

Schiisselwdrter Osteogenesis imperfecta - Genotypen-
Phénotypen - Teleskopnégel - Bisphosphonate - Physio-
therapuie

Introduction

Recurrent fractures during childhood are rare and should
always initiate further diagnostic procedures. It has to be
differentiated between diseases affecting mineralization
(rickets, X-linked hypophosphatemia and hypophospha-
tasia) and those affecting bone formation.

Osteogenesis imperfecta (OI) is the most common
hereditary form of osteoporosis in childhood with an
estimated incidence of 1:20,000 births. In Germany,
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approximately 5,000 patients with different severities of
the disease exist and are in need of medical treatment.

Signs

A reduced amount of bone mass with recurrent fractures
due to inadequate traumata is the most common symp-
tom of OI [1]. Fractures and deformities of long bones can
be diagnosed by prenatal ultrasound in severe cases dur-
ing the first/second trimester of pregnancy [2]. In mod-
erate cases, the deformities develop during the first 1-2
years of life and fractures occur as soon as patients start
weight bearing on the lower limbs. In mildly affected
cases, the patients suffer fractures only in periods of
rapid growth, e.g. before puberty.

The phenotype of the patients differ substantially
starting with patients who only suffer a few fractures
until puberty and those who die during the first few days/
weeks of life due to rib fractures and lung hypoplasia [3].

Besides the increased fracture risk, the patients are
affected by a disproportioned dwarfism, and some
develop a severe kyphoscoliosis during the second
decade [4]. This deformation of the spine and thorax
can cause pulmonary insufficiency and compression of
organs [5].

In severely affected children, the X-rays after birth
show fractures of different ages and deformities of long
bones as displayed in Fig. 1.

In addition to the skeletal symptoms, patients can
be affected by hyperlaxity of joints due to instability of
ligaments causing luxations of shoulders and knees. A
blueish/greyish discoloration of the sclera is pathogno-
monic but occurs only in 50% of patients [6]. Dentino-
genesis imperfecta (DI) with brittleness of teeth and an
increased risk of caries is prevalent in some patients and
some develop deafness later in their life [7]. During the
last years, more and more reports about an involvement
of the vessels have become available. Some patients suf-
fer from hematoma after minimal traumata, and some
are also affected by valve insufficiencies and aneurys-
mata. It has to be underlined that patients with OI have
no mental deficits and that they have to be treated intel-
lectually according to their age and not to their height.

Pathophysiology and genetic background

Patients with OI have a very heterogeneous pheno-
type which is not completely explained by the genetic
background. Formerly, OI was known to be a disease
impairing production of collagen 1. Most patients carry
heterozygous mutations in COL1A1 and COLIA2 and
thus by an autosomal dominant inherited type of OI.
But mutations in these genes can only be detected in
85 % of patients with the clinical diagnosis of OI. There
are mainly two different types of mutations in COL1A1/2
causing distinct phenotypes. Nonsense mutations
typically lead to reduced amounts of normal collagen,

Fig. 1 X-ray of a 2-day-old boy with a severe Ol caused by
mutations in COL1A2 with bowing of long bones and a callus
formation on the right rib

whereas glycine substitutions result in the production of
structurally impaired collagen and are accompanied by
a more severe skeletal phenotype. Among others, forma-
tion of collagen triple-helices is delayed in the latter case,
leading to posttranslational overmodification.

During the past decade, mutations in more than 10
additional genes have been identified in patients with
an OI phenotype. Some recessive OI forms are caused by
mutations affecting the posttranslational modification of
collagen [8]. Two OI genes will be presented here in more
detail because they provided unexpected insights into
the pathophysiology of OI.

A recurrent and highly unusual mutation in the
5’-untranslated region of IFITM5, several nucleotides
upstream of the start codon of the gene, causes auto-
somal-dominant OI V [9, 10]. This mutation creates a
novel in-frame start codon and therefore adds five amino
acids to the N-terminus of the protein. The function of
the transmembrane receptor IFITM5, both in the wild-
type and in the mutated state, has been only partially
elucidated so far, but the protein clearly plays a crucial
role for osteoblasts. This is congruent with the clini-
cal hallmarks of OI V like hyperplastic callus formation
after fractures and surgeries as well as ossification of the
membrana interossea of the forearms [11]. Very recent
data on protein expression in patient cell-lines suggest
that IFITM5 is functionally connected with SERPINFI,
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the gene underlying recessive OI type VI [12]. PEDF, the
protein encoded by SERPINFI, interacts with the Osteo-
protegerin/RANKL-pathway [13]. There is evidence that
patients with loss-of-function mutations in SERPINFI
have an increased activation and differentiation of osteo-
clasts and an increased bone resorption due to decreased
production of PEDF (“pigment epithelium derived fac-
tor”) [14]. This increased bone resorption could explain
that patient with OI VI present with reduced bone mass
and brittleness of the skeleton without any other typical
signs of OI like blue sclera and DI. Therefore, the phe-
notype of OI VI may not be caused by an impaired bone
formation, but by an increased bone resorption.

Most of the other causative genes are responsible for rare
subtypes of the disease. These genes are presented in Table 1.

Therapy

Aim of all interdisciplinary treatment approaches has to
be the maximal independency for the individual patient
regardless of underlying genotype or socio-economic
situation of patient and families. Besides medical treat-
ment, this includes support for the families, especially
during the first 2 decades, to include the children into
a “normal” life. Education is one of the most important
therapies for the patients to give them the possibility to
become independent even with their handicap.

The medical treatment is based on three parts: an anti-
resorptive drug treatment to increase bone mass and to
reduce fracture rate and bone pain; orthopedic/surgical
procedures to treat fractures and deformities to give the
patient the possibility to verticalize; and physiotherapy to
teach the patients how they can use their strengthened
and straitened bones.

Drug therapy

It is common sense to treat children and adolescents
with moderate or severe forms of OI with an antiresorp-
tive therapy. This should be done in patients who suffer
two or more low impact fractures per year of the long
bones or in patients with multiple vertebral fractures.
Currently bisphosphonates are the most frequently used
antiresorptive therapy. Bisphosphonates bind to the
hydroxyapatite crystals of the bone and inactivate osteo-
clasts, when this part of the bone is being resorbed due
to physiological remodeling processes. With this treat-
ment bone mass of patients increase and consequently
the skeleton becomes more stable and the fracture rate
decreases. Additionally, most patients report a decrease
of chronical bone pain and become physically more
active [15]. During childhood, this treatment is much
more efficient than after the end of growth. As long as the
skeleton develops there is the most potential to influence
the bones. In children with compressed or deformed ver-
tebrae, a reshaping of the vertebrae can be reached [16]
as demonstrated in Fig. 2a and b. After puberty, the bone

Table 1 Summary of the genetic causes, mode of inheri-
tance and clinical signs of different forms of Ol

Gene Mode of Signs
inheritance
COL1A1/2 Autosomal- Mild phenotype, less than 10 fractures

Ol type 1 dominant (AD) till puberty

COL1A1/2 AD Lethal (intrauterine or postpartal) due to

0l type 2 thoracic hypoplasia

COL1A1/2 AD Severe phenotype, fractures also after

0Ol type 3 puberty, height sometimes <100 cm

COL1A1/2 AD Moderate form; no pathological fractures

0Ol type 4 after puberty in most cases

IFITM5 AD Hyperplastic callus, ossification of mem-

spez. mutation brane interossea

Ol type 5

SERPINF1 Autosomal- Prenatal no severe signs. Progressive

0l type 6 recessive (AR) incidence of fractures and deformities
starting with 6—12 months
Poor response to bisphosphonates

CRTAP AR Impaired posttranslational collagen

LEPRET modification intracellular

PPIB

SERPINH1

FKBP10 AR Frequently combined with “epidermoly-
sis bullosa” due to a turkish founder-
haplotype with a mutation in an adjacent
EB gene

BMP1 AR High bone mass Ol

SP7 AR Only one known family

PLOD2 AR Frequently combined with contractures
(Bruck-Syndrom)

WNT 1 AD/AR Overlap between Ol and osteoporosis

P4HB AR Cole Carpenter Syndrom 1

SEC24D AR Fractures of extremities and irregular
ossification of the skull (Cole Carpenter
Syndrom 2)

PLS3 X-chromo- Overlap between 0l and Osteoporosis

somal

turnover decreases and the treatment can be stopped
in most of the patients. Some patients report to have
chronic back pain later in life and in those adults a restart
of a bisphosphonate treatment has to be discussed.

During childhood, the best results have been reached
using a cyclic intravenous therapy. Currently no bisphos-
phonates are approved for children with OI. A therapy is
therefore an off-lable use and needs informed consent
from the patients and legal representatives. First expe-
riences have been gathered with “pamidronate” which
was the first medical treatment for children with OI.
Pamidronate has to be given on three consecutive days
every 2-4 months depending on the age of the patients
and has to be given during an inpatient stay [17].

Since a few years neridronate became available. In
placebo controlled trials it has been shown to be effec-
tive and can be administered as a single i.v. treatment
every 3 months [18]. As it can be given in an outpatient
setting in children older than 1 year of age it is the most
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Fig. 2 X-rays of the lateral spine of a boy with severe Ol. Fig-
ure 2A shows the vertebrae with severe compression frac-
tures and deformities at start of i.v. bisphosphonate treatment
. Figure 2B presents the x-ray of the lateral spine after 2 years
of therapy with a reshaping (increase of height, reduced com-
pression and sclerotic dense lines marking the areas of new
bone formation) of the vertebrae

used bisphosphonate in Germany currently. The dosing
is shown in Table 2.

After the first administration of bisphosphonates, ca.
50% of patients suffer from “flu-like symptoms” with
increased body temperature and muscle and skeletal
pain for 2-3 days. This reaction is only reported after the
first administration and will not recur after further treat-
ment cycles.

No long-term side effects have been reported up till
now, but only a relative small number of patients have
been treated in the past decade and it is not known if the
skeleton will be influenced negatively later in life. There
have been great concerns regarding the effect of bisphos-
phonates on dental health in children. In 2 studies, no
negative effects, especially no appearance of osteone-
crosis of the jaws, have been reported in children treated
with neridronate or pamidronate [19].

In the past, different studies using more convenient
oral bisphosphonates have been performed. Those stud-

Table 2 Dosing regime Neridronat
Age Dose Interval

0-12 months 2 x 1 mg/kg body weight on 2

consecutive days
1 x 2 mg/kg body weight

Every 3 months

Children older 12 Every 3 months

months (max. 100 mg per treatment cycle)
Adults older 18 1 x2 mg/kg body weight Every 3 months
years (max. 100 mg per treatment cycle)

ies demonstrated only a small effect on bone mineral
density and failed to have a significant effect on bone
pain and fracture rate. In addition they can cause gastro-
intestinal side effects and the weight adapted dosing is
difficult [20].

Recently, new antiresorptive drugs like denosumab
became available. This antibody reduces the differen-
tiation and activity of osteoclasts directly and will be
resorbed after a few months. Therefore, the unknown
long term risks might be lower than those of bisphospho-
nates which bind to the bone for many years. In addi-
tion, denosumab could be injected subcutaneously. First
experiences about the use of denosumab in children with
OI VI are promising but at the moment such a treatment
should only be performed in a clinical trial especially
because there is a severe risk of hypocalcemia after the
application of denosumab in children with OI [21].

Besides the antiresorptive approach, an osteoanabolic
treatment with teriparatide has been investigated in
adults with OI. These studies demonstrated an increase
of bone mineral density in adults with mostly mild types
of OI [22, 23]. This might be an interesting therapeutic
approach for adults with moderate or severe forms of OI
but it has to be investigated if such an anabolic therapy
can increase bone formation or if the osteoblasts produce
already as much collagen as possible in these patients
with brittle bones. Teriparatide has not been investigated
in children yet due to reports of an increased risk of neo-
plasmas in growing rats treated with teriparatide [24].

A therapy with bisphosphonates is the state of the
art therapy for severely affected children with OI but
it is an “off-lable” treatment which has to be moni-
tored closely. Bone mineral density scans and X-rays of
the lateral spine can be used to document the effect of
drug-treatment. The radiographs of the spine should be
evaluated using quantitative or semiquantitative scores
and should not only describe vertebral deformities [25].
To assess the suppressive effect on osteoclasts differ-
ent markers of bone resorption (like deoxypyridinoline)
can be monitored in the urine. Additionally, the effect of
the treatment on the mobility of the patients should be
monitored using physiotherapeutic tests, like the “Gross
motor function measurement”.

Surgical/Orthopedic treatment

There are two different situations where orthopedic pro-
cedures are needed.

1. In the case of fractures without dislocation or when
intramedullary rods are in place in most patients a
conservative treatment with a cast is sufficient. The
aim is to limit pain and to ensure a healing of the
fracture without increasing pre-existing deformities.
Fracture healing in patients with OI is normal and
the immobilization has to be as short as necessary to
reduce secondary loss of muscle function and to pre-
vent a secondary osteoporosis [26].
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Fig. 3 X-ray of a patient treated with rods of constant length
30 years ago with a fracture at the end of the rod. This can
nowadays be avoided by using telescopic rods during growth

2. The surgical more demanding situation is the correction
of deformities in early childhood. Especially in severely
affected patients the long bones can be deformed in a
way that verticalization of the children is not possible
without fractures. In these children a surgery is essen-
tial to offer them the chance of weight bearing. During
childhood, while the skeleton is still developing and the
patient is growing it is state of the art to use telescopic
rods [27]. Those rods consist of two parts which can dis-
tend during growth. Therefore, re-operations due to a
“too short rod” after a few years (as shown in Fig. 3) can
be avoided. Telescopic rods can not be used only in the
femur and tibiae but also in the humeri (Fig. 4) [28]. As
these surgeries are rare and difficult, they should be per-
formed in specialized centers, where surgeons, nurses,
and anaesthesists are used to handle children with OI.

Fig. 4 Telescopic rod in the humerus after surgical correction
of severe deformities

Mobility training

Probably the most important part in an interdisciplin-
ary treatment approach is continuous physiotherapy
and muscle training. The patients have to learn how to
move during childhood, what healthy children learn as
toddlers. To increase their independence, the children
need to build up muscle force and have to adapt to their
handicap. They have to try new patterns of movement
in a “secured environment” with the help of special-
ized physiotherapists. Every new movement has a risk of
new fractures but if the children don’t try new patterns
of locomotion they will never increase their mobility.
Therefore, physical training and sometimes psychologi-
cal support are necessary because the children fear new
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pain and fractures and need to be motivated to learn new
movements.

Besides the muscle training, the use of adequate
equipment needs to be trained. The children have to
learn how to use a walker or a wheelchair and specially
the transfer from the wheelchair in a walker or on a nor-
mal chair. They have to learn how to handle stairs, how
they are using crutches, and how to take care for their
own physical belongings (how to transfer to the toilet
etc.).

During childhood recurrent fractures cause a lot of
setbacks and it is difficult to motivate patients and fami-
lies to continue training and not to resign. One new ther-
apeutic approach is the use of a side alternating vibration
platform to increase muscle force and muscle function.
This approach can be very effective but the exercises per-
formed during vibration have to be performed very pre-
cisely and have to be selected individually according to
the next motoric steps of the patient [29].

Interdisciplinary approach

Ol is arare disease and it is unrealistic that every medical
professional knows about the current therapeutic pos-
sibilities. Therefore, it is useful to treat those patients in
specialized centers. The perspective of an independent
life of the patients depends on the treatment in child-
hood and on the coordination of different medical, surgi-
cal, and therapeutic procedures. An additional problem
is that most skeletal problems occur during the period in
which the intellectual education takes place. Therefore,
not only medical belongings have to be coordinated but
also aspects of school and social integration have to be
considered.

Another benefit of a centralized therapy is the pos-
sibility to improve therapies in the future. Only if many
patients are treated in one center, it is possible to rec-
ognize differences in the patients and the response to
treatment, and to evaluate the incidence of side effects of
the treatment. An interdisciplinary team should at least
include a pediatrician, physiotherapist, surgeon, social
worker, the parents and siblings and further family mem-
bers, and teachers.
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