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CURRENT APPROACH TO DIAGNOSIS AND TREATMENT 
OF CHILDREN WITH OSTEOGENESIS IMPERFECTA
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Osteogenesis imperfecta (OI) is a heritable bone dysplasia characterized by bone fragility and long bone deformities. 
Approximately 85% of OI cases are caused by dominant autosomal mutations in the type I collagen coding genes 
(COL1A1 and COL1A2), which affect the quantity or structure of collagen. The remaining percentage of cases is caused 
by mutation in the proteins responsible for posttranslational modification, processing and crosslinking of collagen, bone 
mineralization, and osteoblast differentiation. In the past decade, new recessive, dominant, and X-linked inheritance. 
As a result, new types of OI were added to the Sillence classification, and a new genetic classification consisting 
of XVIII types is formed. Treatment of patients with OI is a complex task which requires a multidisciplinary care. 
Pharmacological treatment is based on bisphosphonate treatment, which increases the bone mineral density. In this 
article, we will describe other approaches in which the effectiveness is studied. Surgical treatment of the fractures and 
deformities of the extremities showed a positive effect on the patients’ quality of life, despite existing complications. 
There are a lot of debates about the choice between telescopic and non-telescopic fixators. Rehabilitation plays huge 
role in the recovery process after fracture and surgeries.

Keywords: osteogenesis imperfecta; collagen type 1; fracture; deformity; bone mineral density; bisphosphonates; 
multidisciplinary approach; telescopic nail; osteotomy; rehabilitation.
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Несовершенный остеогенез  — наследственная дисплазия соединительной ткани, для которой характерны 
хрупкость костей и  деформации конечностей. Помимо основного аутосомно-доминантного пути наследова-
ния обна ружены аутосомно-рецессивные и  Х-связанные формы. В 85 % случаев мутации возникают в  ге-
нах  COL1A1 и  COL1A2, что приводит к  количественным и  качественным изменениям синтеза коллагена 
1-го  типа. В остальных случая заболевание развивается в  результате мутации в  генах белков, участвующих 
в  посттрансляционной модификации, присоединении шаперона, фолдинге и  сшивании коллагена. Выявление 
новых механизмов развития несовершенного остеогенеза привело к  расширению классификации Sillence, соз-
данию генетической классификации, включающей все известные типы несовершенного остеогенеза, которых 
на данный момент насчитывается восемнадцать. Лечение пациентов с  НО остается симптоматическим и  яв-
ляется сложной задачей, требующей комплексного мультидисциплинарного подхода. Основное направление 
лекарственной терапии заключается в  применении бисфосфонатов, которые повышают минеральную плот-
ность кости. В данной статье представлены и другие группы препаратов, эффективность которых пока изуча-
ется. Хирургическое лечение переломов и деформаций конечностей улучшает качество жизни пациентов, хотя 
и  сопровождается частыми осложнениями. Остается множество вопросов относительно выбора между теле-
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скопическими и  нетелескопическими фиксаторами. Реабилитационная терапия играет огромную роль в  вос-
становлении двигательной активности пациентов после переломов и операций.

Ключевые слова: несовершенный остеогенез; коллаген 1-го типа; перелом; деформация; минеральная плот-
ность костной ткани; бисфосфонаты; мультидисциплинарный подход; телескопический фиксатор; остеотомия; 
реабилитация.

Introduction

Osteogenesis imperfecta (OI), also known as 
the Lobstein–Vrolik disease, is a phenotypically and 
genotypically heterogeneous inherited connective 
tissue dysplasia [1]. It commonly occurs in 
1:10,000–1:20,000 newborns. Basically, the disease 
is inherited in an autosomal dominant manner, but 
there are rare autosomal recessive and X-linked 
forms of the disease. In 85% of cases, the disease 
results from a mutation in the COL1A1 and COL1A2 
genes, which are responsible for the synthesis of 
type I collagen. In other cases, its development is 
due to mutations in the protein genes responsible 
for regulating collagen synthesis, collagen fiber 
formation, and osteoblast function. The main 
skeletal signs are frequent fractures, progressive 
deformities of long bones, ribs, and spine, dysplasia, 
joint hyperelasticity, and muscular weakness [2]. 
The main extraskeletal signs include dentinogenesis 
imperfecta, altered sclera color, and conductive or 
neurosensory hearing impairments  [3]. Among the 
rare systemic signs of the disease are changes in 
the cardiovascular (expanded aortic root and valve 
disorders) and respiratory systems [4].

Etiology and pathogenesis

OI develops from type I collagen synthesis 
violation. Type I collagen is the main protein of 
the intercellular substance in the bones, skin, and 
ligaments [1, 5, 6]. It makes up approximately a third 
of the body’s total protein [7]. It is a triple helix, 
consisting of two pro-α1 chains and one pro-α2 
chain, which are synthesized from the COL1A1 and 
COL1A2 genes, respectively.

Mutations slow down the modified α-chain 
folding. Because of this, the enzymes involved 
in posttranslational modification interact with 
the α-chain longer, disrupting its structure [8]. 
The  disruption leads to impaired exocytosis and 
cross-linking of collagen molecules into fibrils, 
which can lead to apoptosis activation [3, 6]. 
The  architectonics of bone tissue is violated 

because these changes lead to abnormal collagen 
fiber formation. These processes may also affect 
bone remodeling. In severe OI cases, the number 
of osteoclasts and osteoblasts increases, indicating 
accelerated bone remodeling processes [9]. 

OI is caused by autosomal dominant mutations 
in the COL1A1 and COL1A2 genes in approximately 
85%–90% of cases [1, 3, 5, 7]. These mutations 
cause quantitative and qualitative changes in type  I 
collagen  [6]. Quantitative defects are due to the 
formation of the null allele, whereas the collagen 
structure does not change, and its number is 
reduced by half. In this case, the disease course 
is mild [1,  6,  7]. Qualitative defects are caused by 
the replacement of glycine with a larger amino 
acid, which entails a  disruption of the triple-helix 
formation process and structural changes in type I 
procollagen molecule [3,  6].

Over the past 15 years, studying the genomes of 
patients with OI resulted in identifying new causes of 
disease development: mutations in the genes of the 
proteins involved in posttranslational modification, 
chaperone attachment, folding, and collagen stitching. 
Understanding OI development’s cellular and 
biological pathogenesis has significantly improved 
because of the discovery of new genes  [9]. Changes 
in the bone formation process that are not associated 
with collagen, but with impaired bone mineralization, 
osteoblast differentiation, and functioning are found 
in OI patients. We identified autosomal recessive, 
X-linked, and additional autosomal dominant 
inheritance paths. In 2000, the first non-collagen-
related mutation in the IFITM5 gene with an 
autosomal dominant inheritance was discovered 
[5,  10, 11]. It is characterized by hypertrophic callus 
formation and interosseous membrane ossification. 
In 2006, Morello et al. described the first mutation 
with an autosomal recessive mode of inheritance in 
the CRTAP gene  [12]. To date, 18 genes, in which 
mutations lead to phenotypic signs of OI, are known. 
Violation of posttranslational collagen modification 
and hydroxylation defect are caused by CRAPT, 
LEPRE1, and PPIB genes; impaired bone formation 
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and mineralization–by IFITM5 and SERPINF1 
genes; terminal propeptide cleavage defect–by BMP1 
gene; violation of interaction with chaperones and 
collagen stitching–by SERPINH1, FKBP10, and 
PLOD2 genes; violation of the differentiation and 
functioning of osteoblasts–by SP7, TMEM38B, 
WNT1, CREB3L1, SPARC, and MBNPS2 genes. More 
than 1,500 mutations were found, and they are listed 
in the OI variability database.

Classification

D.O. Sillence proposed the first OI classification 
in 1978. It was based on clinical and radiological 
data, as well as on the inheritance pattern. Sillence 
identified four types and numbered them by Roman 
numerals [13]. OI types are numbered in the order 
they were described. All are caused by auto somal 
dominant mutations in the COL1A1 and COL1A2 
genes, which are responsible for type I collagen 
synthesis. The course of the disease can vary 
greatly–from mild to perinatally fatal outcomes [2]. 
The types are distributed based on disease severity 
as follows: I < IV < III < II. However, many authors 
note that OI is characterized by a strong variability 
of signs, even within one type and one family 
[1,  3,  7,  14]. To date, the Sillence classification is 
used the most often in clinical practice. 

Type I is the mildest form, which is characterized 
by frequent fractures, blue sclerae, and hearing 
impairment. Fractures appear at an early age, when 
the child starts walking; their frequency decreases 
after growth completion. The stature is often 
normal. The occurrence of limb deformities and 
imperfect dentinogenesis is rare. 

Type II is the perinatally fatal form with the 
most severe signs, providing that the child survives 
at birth. Multiple fractures are detected at the 
intrauterine stage. Limbs are usually short, with 
arcuate deformations. The sclerae is blue or gray. 
Death is caused by respiratory failure due to small 
chest, rib fractures, and pneumonia caused by 
collagen-associated lung tissue abnormality [4]. 

Type III is characterized by progressive limb 
deformities. Over their lifetimes, the patients 
experience hundreds of fractures. The face shape 
is often triangular, with frontal tubers; the sclera is 
blue or gray. Dentinogenesis imperfecta, vertebral 
body compression, scoliosis, and platibasia are also 
noted. The stature is very short. 

Type IV is characterized by moderate severity. 
The incidence of fractures numbers in the tens; many 
patients are able to walk. This type is characterized 
by dentinogenesis imperfecta, basilar depression, 
hearing impairment, and growth variability. 

The classification was, subsequently, supple-
mented with type V, also characterized by frequent 
fractures. However, the peculiarity consists in the 
hypertrophic callus formation and interosseous 
membrane ossification on the forearm. 

With the progress of genetics, other genes 
responsible for OI development were identified. 
Each new gene was assigned a new type, designated 
by a  Roman numeral. This was the basis of the 
genetic classification, which currently includes 
eight types (Table 1) [1]. However, applying this 
classification in routine clinical practice is difficult 
because of the lack of clear differences between the 
new types and classical four types of Sillence. 

In 2009, the International Nomenclature 
Group for the Study of Constitutional Disorders of 
Skeleton (INCDS) proposed five types of OI, based 
on a  phenotype similar to the Sillence classification 
(Table 2) [5, 14, 15]. These five types are designated 
by Arabic numerals; they include all types of OI and 
other bone dysplasias, manifested by reduced bone 
mineral density, such as Brooke–Spiegler syndrome, 
osteoporosis–pseudoglioma syndrome, idio pathic 
juvenile osteoporosis, and Ehlers–Danlos syndrome 
of progeroid type [14, 16]. The characteristic 
of the phenotypes, in accordance with the new 
classification, is described in the publication of 
Van Dijk and Sillence [5]. The last version of the 
classification is published in the article Nosology 
and Classification of Genetic Skeletal Disorders 
in 2015 [15].

Diagnosis

OI diagnosis is based on clinical signs and 
anamnestic data–fractures in the perinatal age or 
high incidence of fractures among relatives. Genetic 
testing is used to diagnose milder forms of OI, 
when patients do not have characteristic phenotypic 
signs but are susceptible to fractures  [17]. In some 
countries, genetic research is used to eliminate 
child violence in the family as a possible cause 
of frequent fractures. Thus, according to a study, 
11  of 262 fractures in children were presumed to 
be caused by child abuse in the USA. Based on the 
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Table 1
Genetic classification of osteogenesis imperfecta [1]

Mutated  
gene Protein Type Inheritance 

pattern Clinical features

Violations of collagen synthesis and structure

COL1A1
COL1A2

α1(COL1A1) 
and α2(COL1A2) collagen 

I, II, 
III, IV

AD Classic phenotypes described by D. Sillence

Impaired bone mineralization

IFITM5 Bone-restricted interferon 
induced by transmembrane 

protein (BRIL) (IFM5) 

V AD The severity of skeletal deformities varies from 
the absence to severe forms; the color of the 
sclera–from normal to blue; ossification of 
the interosseous membranes, radial bone head 
dislocation, and hearing loss are possible

SERPINF1 Pigment epithelium-derived 
factor (PEDF)

VI AR The severity of skeletal deformities varies from 
moderate to severe; osteoid, scale-like bone 
structure 

Violations of posttranslational modification of collagen

CRTAP Cartilage-associated protein 
(CRTAP) 

VII AR Severe rhizomelia and white sclerae

P3H1 
(LEPRE1)

 Prolyl 3-hydroxylase 1 
(P3H1)

VIII AR 

PPIB (PPlase B) peptidyl-prolyl 
 cis-trans isomerase B 

IX AR Severe limb deformities and gray sclera 

Violation of collagen maturation and chaperone assembly

SRPINH1 Serpin H1 (HSP47) X AR Severe skeletal deformities, blue sclerae, 
dentinogenesis imperfecta, skin abnormalities, 
inguinal hernia 

FKBP10 65kDa FK506 
 binding protein (FKBp65)

XI AR The severity of skeletal deformities varies from 
mild to severe forms; the color of sclerae varies 
from normal to gray; congenital contractures 
are noted

PLOD2 Lysyl Hydroxylase 2 (LH2) AR The severity of skeletal deformities varies from 
medium to severe forms; progressive joint 
contractures are noted

BMP1 Bone morphogenetic 
protein 1 (BMP1) 

XII AR The severity of skeletal deformity varies from 
mild to severe forms; umbilical hernia is noted

Violation of differentiation and maturation of osteoblasts

SP7 Transcription factor 
(osterix) (SP7)

XIII AR Severe skeletal deformities, delayed teething, 
facial hypoplasia 

TMEM38B Trimeric 
 intracellular caption 

channel type B (TRIC -B)

XIV AR Severe limb deformities; the color of the sclera 
varies from normal to blue 

WNT1 Proto-oncogene Wnt-1 
(WNT1)

XV AR/AD Severe skeletal disorders, white sclera, 
neurological deficit 

CREB3L1 Old astrocyte specifically 
induced substance (OASIS)

XVI AR Severe bone deformities 

SPARC Osteonectin (SPARC) XVII AR Progressive bone fragility 

MBTPS2 Membrane-bound 
transcription factor site-2 

protease (S2P) 

XVIII H The severity of skeletal deformities varies from 
medium to severe forms; blue sclera, scoliosis, 
and chest deformities are noted

Note. AD–autosomal dominant; AR–autosomal recessive; X–X-linked.
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results of a genetic study, OI was detected in six of 
them [18]. OI type is determined by a combination 
of these data in accordance with the classification 
given in the article Nosology and Classification 
of Genetic Skeletal Disorders and according to 
genetic analysis data. Determining the OI type 
is important to assess disease severity, predict 
the possible complications of surgical treatment, 
and choose the most effective drug treatment. 
Thus, in patients with OI type V, the probability 
of hypertrophied callus formation after surgical 
treatment is high (Fig.  1) [10, 11]. Understanding 
the genetic mechanisms of OI development opens 
up prospects for targeted treatment. For example, 
intravenous administration of bisphosphonates in 
patients with OI of type VI is less effective than 
the use of denosumab [19].

The analysis of the genome of OI patients or 
their relatives allows determining the possibility of 
OA for their child. With the help of next-generation 
sequencing technology, it is possible to analyze 
a  whole exome by using panels with all known 
genes responsible for OI [20]. To date, molecular 
diagnostics are 97% accurate [21]. Routine OI 
screening is limited to ultrasound scanning. Fractures 
can be detected in the 20th week of pregnancy, and 
assessment of OI severity is possible  [5]. 

Differential diagnostics are performed between 
other OI similar types of connective tissue dysplasia, 
such as Brooke–Spiegler syndrome of types I and II, 
Carpenter syndrome of types I and II, perinatal 
and pediatric hypophosphatasia, Ehlers–Danlos 
syndrome, osteoporosis–pseudoglioma syndrome, 
and idiopathic juvenile osteoporosis [22]. 

Similar to OI, Brooke–Spiegler syndrome is 
manifested by osteoporosis, but characterized by 

congenital joint contractures. Carpenter syndrome 
of types I and II resembles a severe form of OI, 
but differs in craniosynostosis formation and 
eyeball protrusion. Bone demineralization and 
frequent fractures are also characteristic of perinatal 
and pediatric hypophosphatasia, but it can be 
differentiated by low level of alkaline phosphatase in 
the blood serum. The remaining pathologies can be 
reliably diagnosed only by the genetic study results. 

The progeroid form of Ehlers–Danlos syndrome 
type I is manifested by severe skeletal pathology, 
including osteopenia and growth disorder, and 
has common features with OI, which is caused 
by a B4GALT7 gene mutation. Osteoporosis–
pseudogliomas implies frequent fractures. 
Its  distinctive feature is visual impairment from 
infancy to early childhood, which is not typical 

Table 2
Modified classification of osteogenesis imperfecta [5]

Types of osteogenesis 
imperfecta according to 

the new classification 
Characteristics of the phenotype Type of osteogenesis imperfecta  

or disease 

1 Mild, without deformations I 

2 Severe, perinatally fatal or fatal II 

3 From moderate to severe with severe 
deformities 

III, VI, VIII, IX, X, Brooke type I 
syndrome 

4 Moderate, with wide variability IV, VII, XI, XII, XIII 

5 Moderate, in cluding bone pathologies leading 
to ossification of the interosseous membranes 

V, osteoporosis–pseudoglioma, 
idiopathic juvenile osteoporosis, 
Brook  syndrome of types I and II 

Fig. 1. Hypertrophic callus after surgical treatment of 
a patient with type V osteogenesis imperfecta
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of OI. The final diagnosis is made when a mutation 
is detected in the LRP-5 gene. First, idiopathic 
juvenile osteoporosis should be excluded from the 
reasons for frequent fractures at an early age. In 
the genetic study, mutations in the known genes 
leading to OI development were not detected in 
such children. 

OI should be differentiated from non-
accidental injuries associated with home violence. 
The  frequency, nature, and stage of fracture healing 
must be properly assessed. For example, in a child 
with OI, having more than three fractures at the 
same time is atypical. Rib fractures have been known 
to occur often during childbirth and are rare in the 
first years of life. The fact that fractures, which were 
not diagnosed and identified accidentally, occurred 
in the early stages of consolidation may indicate 
that they were inflicted through violence.

Treatment

OI treatment is symptomatic and depends on 
the severity. The goal of treatment is to reduce 
fracture frequency, increase the patient’s mobility 
and independence, reduce pain, detect and control 
extraskeletal signs in a timely manner, and prevent 
side effects of drug therapy [23].

Due to generalization and OI heterogeneity, 
application of individual and multidisciplinary 
approaches to treating patients is necessary. A patient 
with OI should be treated by a team of specialists, 
consisting of pediatricians, endocrinologists, 
rehabilitologists, traumatologist-orthopedists, 
geneticists, dentists, audiologists, psychologists, and 
social workers [24-26]. Montpetit et al. showed that 
a multidisciplinary approach and a combination 
of drug and rehabilitation therapy significantly 
improved the functional results of treatment  [26]. 
For many years, the main drug therapy was 
bisphosphonates (BPs) [1, 5, 3, 27, 28]. Evaluation 
of the treatment dynamics and determination of 
indications for treatment with BP are based on 
clinical and anamnestic data and X-ray densitometry 
results. The goal of surgical treatment is the timely 
and correct fracture osteosynthesis, scoliosis, and 
long bone deformity correction [25]. Rehabilitation 
therapy plays a huge role in restoring the patient’s 
physical activity after fractures and surgeries. The 
motor mode is assessed on GMFS (Gross Motor 
Function Classification System), GFAQ, PEDI 

(Pediatric Evaluation of Disability Inventory), Bleck’s 
score, Hoffer and Buloc’s grading, and other grading 
scales. Children and their parents need psychological 
help to overcome the fear of experiencing a new 
fracture while learning to walk after deformity 
correction and fracture osteosynthesis.

Pharmacological treatment

The main focus of drug therapy is osteoporosis 
treatment. Since 1987, BP is the main drug for the 
treatment of medium and severe forms of OI [1, 3, 
5, 27, 29]. To date, the receptor activator of nuclear 
factor κB ligand (RANKL) inhibitors, osteoabolic 
drugs, including analogs of human parathyroid 
hormone, sclerostin, and TGF inhibitors, etc., are 
undergoing clinical trials. 

Calcium and vitamin D 

Based on a controlled randomized study, 
calcium and vitamin D reduce the risk of fracture. 
Edouard et al. proved that the content of vitamin D 
in the blood serum positively correlates with the 
bone mineral density (BMD) [30]. A comparative 
analysis of the effect of various doses of vitamin D 
on the spinal BMD was performed. A large dose 
(2000 IU) did not prove its superiority over a small 
dose (400 IU). In accordance with international 
recommendations, 1300 mg of calcium and 
600–800 IU of vitamin D per day is sufficient in 
most cases [1, 14, 30].

Bisphosphonates

BP is an analog of pyrophosphate, which slows 
down bone resorption and inhibits the function 
of osteoclasts. Numerous studies have shown that 
BPs increase BMD [7, 28, 29, 31–34], improve 
bone architecture, prevent the progression of long 
bone deformities, restore the size and shape of 
vertebrae after compression fractures [29, 31], foster 
growth  [32], and increase mobility in children 
with  OI [29, 31]. In a number of works, BP has 
been shown to reduce the frequency of long bone 
fractures [29, 32]. BP has been proven to be more 
effective in children than in adults [1, 33, 35]. 
BPs  do not affect the course of scoliosis because 
they do not reduce joint hyperelasticity, which is 
the main cause of scoliosis [36].

OI patients are administered with BP both 
intravenously and orally. The advantages of 
intravenous administration are the possibility of 
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dose titration, better bioavailability, and absence of 
side effects in the gastrointestinal tract. However, 
comparative studies did not show a significant 
difference in the effectiveness of intravenous and 
oral administration [37].

Basically, patients with OI tolerate BP 
treatment well. A reaction may be observed 
with the first injection, which is manifested by 
fever, chills, weakness, diarrhea, and muscle and 
bone pain. This condition occurs during the first 
24–48  h and can be easily jugulated by anti-
inflammatory drugs. Each administration of BP is 
accompanied by a  decrease in the serum calcium 
level, which is why the dynamics of this indicator 
should be monitored.

There is neither a single approach to the 
choice of drug nor protocol for its administration 
and use duration [38]. Regarding the intravenous 
administration of pamidronate, the most often used 
is the Montreal protocol developed by Shriners 
Hospital for Children in Canada (Table 3) [7, 39].

There are also various protocols for oral 
administration of BP. For example, in Sheffield 
Children’s Hospital, England, physicians use a tablet 
form of resindronate at a dose of 2.5 mg and 5 mg 
per day if the child weighs from 10 to 30 kg and 
>30 kg, respectively. In the US Texas Scottish Rite 
Hospital for Children, physicians use alendronate at 
a dose of 5 and 10 mg per day if the child weighs 
<30 kg and >30 kg, respectively [38].

As a result of BP action, the bone remodeling 
process slows down, leading to increased bone 
mineralization. The radiographs of long bones show 
a horizontal line of sclerosis above the growth zone. 
The number of lines corresponds to the number of 
BP regimens (Fig. 2). The risk of fracture increases 
in this zone.

The literature describes a delayed consolidation 
of bone fragments after osteotomies in the 
patients receiving pamidronate, which was not 

observed in the fracture group [40]. Anam et al. 
used a  modified approach to BP treatment before 
corrective operations. The administration of BP 
was interrupted for four months preoperatively; an 
oscillatory saw was not used during the surgery. As a 
result, the number of nonunions has significantly 
decreased [41]. The cases of jaw osteonecrosis after 
high doses of BP are described only for adults. There 
is no data on this complication in children with OI.

Over the past few years, several large meta-
analyses, and a Cochrane analysis of 14 randomized 
controlled studies, on the efficacy of using BP in 
OI patients have been published [37, 42]. BP has 
been proven to increase BMD, but this did not 
correlate with decreased incidences of fractures, 
improved growth rates, reduced pain, and increased 
mobility  [42]. The data from the other two meta-
analyses showed only a moderate decrease in the 
frequency of fractures. In the study by Shi et al., the 
fracture rate decreased by 20% [33]; in the study by 
Hald, the decrease was statistically insignificant [36]. 
A placebo-controlled study did not prove that BP 
reduces bone pain [42].

Table 3
Protocol of intravenous administration of Montreal pamidronate [7]

Age Dosage Frequency of administration

<2 years 0.5 mg/kg per day for 3 days Every 2 months

2–3 years 0.75 mg/kg per day for 3 days Every 3 months

>3 years 1.0 mg/kg per day for 3 days Every 4 months

Note. The maximum dose is 60 mg/kg per day. The concentration of pamidronate in the solution should not exceed 0.1 mg/ml. 
The duration of drug administration is 3–4 h. During the first infusion, half of the required dose is administered to reduce the severity 
of side effects.

Fig. 2. Lines of bone sclerosis after treatment with 
bisphosphonates
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The complexity of the analysis of this problem is 
due to the small number of patients studied, short 
duration of observation, and high variability of OI, 
even within one family. The question of whether 
an increase in bone density leads to a decreased 
fracture rates, reduced pain, and increased mobility 
remains open [35].

Denosumab

Denosumab is a human monoclonal antibody 
(IgG2) characterized by high affinity and specificity 
for the RANKL. Its inhibitory effect on RANKL 
leads to decreased osteoclasts’ activity and slowing 
down bone resorption. Denosumab’s effectiveness 
has been proven in treating osteoporosis and 
metastatic lesions in adults. Its use in type VI OI 
patients, in which BP proved to be ineffective, is 
of particular interest. The study by Semler et al. 
describes the results of treating four patients with 
type VI OI; an increase in BMD was observed 
after two years of therapy [43]. Hoyer-Kuhn et al. 
published the results of the second phase of a clinical 
trial, which included 10 OI patients. All of them 
showed a  significant BMD increase in the thoracic 
vertebrae; however, the authors did not observe 
any significant change in the vertebra architecture 
and mobility [44]. Currently, the doctors assess the 
treatment’s safety and study the long-term effects of 
using denosumab in children with OI.

Growth hormone

Using osteoabolic agents in children with OI is of 
great interest because they often have a short stature. 
Despite normal growth hormone levels in the blood 
of children with types I and IV, they showed an 
increase in growth indices and bone tissue volume, 
unlike patients with type III, who did not show any 
significant change [3]. Antoniazzi et al. showed that 
30 children (mean age, 7.3 ± 1.3  years) showed an 
increase in growth rates and BMD after the use of 
2  mg/kg of neridronate every three months and 
0.05 mg/kg of genotropin per day six days a week 
for one year [45].

Teriparatide

Teriparatide is an analog of parathyroid 
anabolic bone hormone and stimulates both bone 
tissue formation and its resorption. Its effectiveness 
has been proven in the treatment of patients with 
osteoporosis. A meta-analysis of the results of using 

teriparatide to treat osteoporosis showed an increase 
in the volume of the bone tissue formed, BMD, 
and a reduced risk of spinal fractures by 85%, and 
other fractures by 40%–60% [46]. Information on 
using teriparatide in OI patients is lacking. Based 
on a cohort study results, an increase in BMD in 
the spine and bone remodeling markers was found 
in 13 women with OI who were administered with 
teriparatide in the postmenopausal period  [35]. 
Based on a placebo-controlled study, which 
included 79 adult OI patients, an increase in 
BMD for 18  months after teriparatide therapy 
was recorded in patients with type I. However, no 
positive effect  was recorded in patients with types 
III and IV [27].

Sclerostin antibodies 

Sclerostin is a glycoprotein with an inhibitory 
effect on osteoblasts. Monoclonal sclerostin 
antibodies created a new direction of osteoabolic OI 
therapy. Sclerostin acts through the WNT protein. 
Perhaps using this drug will be particularly effective 
in treating WNT-associated types of OI (type XV 
and osteoporosis–pseudoglioma syndrome). The 
results of the preclinical tests of mice with OI 
showed a positive effect on BMD [47].

TGF-β inhibitor

The beta transforming growth factor regulates 
the work of osteoclasts and osteoblasts. In an 
experiment on mice, increased TGF-β activity was 
found to play an important role in forming the OI 
phenotype. In the experiment on mice with OI, 
antibodies to TGF-β had an inhibitory effect on 
osteoclasts that led to the normalization of BMD 
but did not affect the incidence of fractures [48].

Combination therapy

Currently, scientists actively study the synergistic 
effect of anabolic and antiresorptive therapy, 
prescribed at BP application, the positive effect of 
which was described in the study by Antoniazzi 
et al. [45]. In the experiment on mice with OI of 
moderate severity, using antibodies to sclerostin and 
zoledronic acid was more effective than the separate 
use of any other drug [35]. Based on the results of 
the biopsies of 120 women with postmenopausal 
osteoporosis, the cyclical (20 mcg per day for three 
months with an interval of three months) or daily 
(20 mcg subcutaneously) intake of teriparatide 



REViEw 95

 Pediatric Traumatology, Orthopaedics and Reconstructive Surgery. Volume 7. Issue 2. 2019

and alendronate at a dose of 70 mg a week during 
a  year led to an increase in bone tissue formation 
and mineralization of the cortical layer of the iliac 
wing [1].

Cell therapy

The main goal of cell replacement therapy is 
transplanting bone marrow or mesenchymal stem 
cells, and thereby obtaining a pool of the cells 
capable of producing normal collagen. The literature 
describes an increase in BMD after transplanting 
the bone marrow of animals and patients with 
OI, acceleration of growth, and a decrease in the 
frequency of fractures, despite the small number of 
transplanted cells [1, 7, 27, 49]. However, this effect 
is temporary and depends on the cell life span. Bone 
marrow transplantation is associated with many 
risks, the main of which is the host reaction. In this 
regard, intrauterine administration of mesenchymal 
stem cells could be more effective because the 
immune system is still developing at this stage 
[7, 27]. Considering the possible complications, this 
method is still experimental.

Gene therapy

Suppressing the expression of the abnormal 
gene responsible for collagen synthesis is one of the 
possible gene therapy methods. Thus, translating 
qualitative changes into quantitative changes is 
possible, which, as is well known, are less severe. 
To date, the safety and effectiveness of gene therapy 
remain unproven.

Surgery

The main indications for surgical treatment 
are fractures of the long tubular bones, congenital, 
and post-traumatic deformities. Thus, patients 
with type  I OI generally need timely treatment of 
fractures, whereas patients with more severe OI 
forms should also undergo deformity correction.

Frequent fractures, the treatment of which 
requires immobilization, lead to the progression 
of osteoporosis that results in a vicious circle: 
fracture–immobilization–osteoporosis–fracture. 
The frequency of fractures decreases with the 
child’s growth cessation. The purpose of the 
surgical treatment of fractures is the elimination 
and prevention of fragments displacement, pain 
reduction, and immobilization terms reduction with 
the possibility of early activation.

Soft tissues play a key role in the formation of 
arcuate deformations of long tubular bones. The 
flexor muscles prevent the bone growth that results 
in deformity. This is due to the popliteal flexor in the 
femoral region that leads to anterolateral bending 
of the bone. This function is performed by the 
gastrocnemius and fibular muscles in the leg region 
that cause anteromedial curvature (Fig. 3). Deformed 
lower limbs lose their biomechanical strength, 
resulting in increased strain in the deformation 
apex area that leads to deformation progression and 
fracture at its height. The purpose of congenital and 
post-traumatic deformities correction is to reduce 
the frequency of fractures and ensure the proper 
growth of the bone to verticalize the child and 
teach him to walk.

The basic principle of surgical treatment 
is restoring limb anatomy and intramedullary 
splinting at the maximum extent of the bone. The 
literature describes using the following structures 
for fixing bone fragments: non-telescopic (Rush 
nail, Kuntscher’s pin), titanium elastic nails (TEN), 
Kirchner pins, unreamed humeral nails, telescopic 
internal fixation devices (Bailey–Dubow, Sheffield, 
Fassier–Duval rods), plates, and external fixation 
devices.

According to a number of authors, intra-
medullary splinting of long tubular bones in OI 
patients improves the quality of their lives and 
increases their mobility [1, 3, 50–52]. With BP, the 
possibilities of surgical treatment have significantly 
expanded. El Sobky et al. showed that children who 

Fig. 3. Deformations of the lower extremities with 
osteogenesis imperfecta
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received pamidronate preoperatively showed better 
results than those who underwent only surgical 
treatment [53]. The combined multidisciplinary 
approach has significantly improved the treatment 
results [1, 25, 26, 54].

In 1952, Sofield and Millar first described the 
technique of multiple osteotomies followed by the 
installation of an intramedullary rod [55]. However, 
the fixator ceased to overlap the entire length of 
the bone during the bone growth process, causing 
recurrent deformities and reimplant fractures 
requiring repeated surgery. In 1963, Bailey and 
Dubow first proposed the telescopic intramedullary 
system, which lengthened with bone growth [56]. 
However, the frequency of complications remained 
high. This was due to the lack of this fixator–the 
screwed-in T-shaped tip often migrated into the soft 
tissues (Fig. 5, g). In a modified version of this rod 
(Sheffield rod), the tip was fixed to the rods, and 
the problem was solved (Fig. 5, a) [51]. Installing 
such rods required the arthrotomy of adjacent 
joints that were especially traumatic when fixing 

the tibia. Fassier and Duval developed a telescopic 
rod with a mini-invasive antegrade injection, which 
significantly reduced the incidence of trauma 
intraoperatively (Fig. 4) [57]. The threaded part of 
the solid rod was fixed in the distal epiphysis. Сho 
et al. proposed their own version of distal fixation. 
A solid part of the structure had a xiphoid tip with 
a hole, through which blocking by threaded rod 
was performed in the epiphysis [58]. The osteotomy 
technique was also improved. Li et al. suggested 
mini-invasive osteotomy to preserve periosteal 
blood circulation and reduce intraoperative blood 
loss [59].

Due to the improved treatment approaches, 
performing single-step surgeries on several 
segments became possible, which resulted in fewer 
blood transfusions performed in the postoperative 
period.

Despite this, the frequency of complications of 
surgical treatment of OI patients remains high. Thus, 
it accounts to 50% and 58%–87% if telescopic and 
non-telescopic fixators are used, respectively  [52].

Fig. 4. Correction of multiplaned deformities of the lower extremities, intramedullary fixation with a Fassier–Duval 
rod  [57]
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Intramedullary osteosynthesis with a telescopic 
rod is associated with the risk of rod deformation 
(Fig. 5, a), disconnection of the ends of the rod 
(Fig.  5, b), violations of the telescopic effect 
(Fig.  5,  c), migration of the rod into the soft tissue 
and joint cavity (Fig. 5, d), eruption of the distal 
end of the rod through the anterior cortical layer 
of the metaepiphysis, metal fixator fracture, and 
rotational instability.

Non-telescopic fixators also migrate often 
(Fig.  6,  a). Their use raises the risk of reimplant 
fractures (Fig. 6, b), and revision operations to 
replace them with a longer fixator are required 
more often (Fig. 6, c). On average, the frequency 
of revision operations after using non-telescopic 
fixators is 3.5 times higher than that after using 
telescopic fixators [54]. A review of the literature has 
shown that the average durability of non-telescopic 
structures is 2–2.5 years [50, 53–57].

The isolated use of plates is considered inex-
pedient because of the high risks of reimplant 
fractures associated with the stress load on the bone 
at the edge of the plate (Fig. 6, d) [60]. However, 
the literature describes a combined approach, 
wherein an intramedullary fixator and a plate were 
used. Thus, Cho et al. suggested using plates with 
a monocortical screw insertion to ensure rotational 
stability and subsequently removing the plate 
after consolidation [61]. In some cases, Popkov 
et al. applied counter transphysary osteosynthesis 
with two TENs, combining it with transosseous 
osteosynthesis with the Ilizarov apparatus, to achieve 
rotational stability [62].

Because the frequency of complications remains 
high in cases where both telescopic and non-
telescopic rods were used, currently, there is no 
unequivocal opinion on which fixator is preferable. 
Specialized institutions often use telescopic pins of 

 a b c d

Fig. 5. Intramedullary fixation with a Sheffield rod, deformation of the solid part of the rod (a) [51]; telescopic rod 
disconnection (b); migration of the distal end of the telescopic rod (c); migration of T-shaped tip Bailey–Dubow 

pin  (d)  [56]

 a b c d

Fig. 6. The eruption of the rod through the anterior cortical bone layer (a); reimplant fracture (b); bone growth outside 
the splint area (c); reimplant fracture after osteosynthesis with plate (d)
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the latest generation with antegrade introduction 
because they are more durable and can splint the 
bone along its entire length. According to some 
authors, using a telescopic rod is technically more 
difficult; such an operation should be performed in 
a specialized institution by a trained surgeon [52]. 
This design is also much more expensive, making it 
difficult to use it in low-income countries. In this 
regard, the fixator should be selected by the surgeon, 
taking surgical skills and patient characteristics into 
consideration.

There are different views on the age at which 
corrective operations should be performed. Most 
surgeons believe that performing surgery when the 
child is able to stand and walk, that is, from three 
to four years, is better [50, 54, 56].

Because the rate of fracture consolidation in OI 
patients does not differ from the population rate, 
OI patients have nonunions quite often. Gamble 
et al. were the first to detect 12 (19) nonunions 
in 10 of 52 patients, and it occurred more often 
in patients with severe deformities and severe 
fractures  [63]. Munns et al. observed patients who 
were administered pamidronate for a year, and 
nonunions were observed in 42 of 155 (27.1%) 
fractures and in 97 of 162 (59.9%) fractures in 
the case of osteotomy [40]. However, the cause of 
these complications could be the specificity of the 
surgical technique, namely, using an oscillatory 
saw, which results in thermal injuries to the bone 
and blood supply violation. Anam et al. reported 
that 110 patients who underwent 261 surgeries 
showed a significant decrease in the number of 
nonunions after cessation of BP intake four months 
preoperatively and when osteotomy was performed 
with a chisel [41].

Initially, surgery was performed on the lower 
limbs, femoral, and tibial bones. It was believed that 
correcting deformities of the upper extremities has 
only a cosmetic meaning. However, the deformation 
prevented the use of additional support; hence, 
expanding the indications for surgical treatment is 
needed. The treatment results showed that patients 
could better fend for themselves. The quality of their 
lives increased [1]. Intramedullary osteosynthesis of 
the humerus can be performed with both telescopic 
and non-telescopic fixators. The main problem is 
the need to isolate the radial nerve [64]. At the 
stage of eliminating severe deformity, nerve tension 
must be evaluated to prevent traction damage. TEN 

or Kirschner pins are most often used for fixing the 
forearm bones.

With the use of BP, the possibilities of spinal 
surgery have expanded. As a result of increased 
BMD of the vertebrae, physicians started applying 
transpedicular fixation, which allowed for surgical 
treatment of severe fractures, correction, and 
prevention of spinal deformities [36].

Rehabilitation

Rehabilitation therapy is an essential component 
of a multidisciplinary approach to OI treatment. 
In a study by Monpetit et al. continuous exercises for 
12 weeks resulted in the increased muscular strength 
of children with OI while their motor regimen 
expanded [26]. Patients with a good level of motor 
activity undergo fewer surgical interventions during 
their lifetime. This is mainly found in patients with 
type I OI [65].

Rehabilitation must begin at an early age to 
help the child overcome the fear of a fracture 
when learning new motor skills and adapting 
to environmental conditions. For this group of 
patients, rehabilitation is the most important step 
in the treatment of injuries, fractures, and recovery 
postoperatively. In the case of newborns with severe 
forms of OI, rehabilitation is aimed at educating 
parents on how to take care of their fragile child. 
It is noted that patients with OI more often have 
platicephaly, torticollis, and flexion contractures in 
the hip joints due to the use of soft surfaces for 
laying the child, which greatly limits their motion. 
The child’s position must be frequently changed to 
prevent these conditions. When children lie on their 
abdomen, their cervical spines and upper limbs 
are straightened, and the hip flexors are stretched. 
It helps them learn to roll over and sit. Physical 
therapy classes begin with controlling the position 
of the head and neck, balancing in a sitting position, 
and verticalization. In later years, the focus is on 
increasing muscle strength, functional development, 
and self-care ability.

Often, children with severe forms of OI never 
walked, or did not walk without assistance, for 
a  long time. After performing corrective surgeries, 
the lower limbs become supportable, but patients 
are often afraid to stand up and lean. To accomplish 
this difficult task, specialized verticalizers and 
individual orthoses, which stabilize the lower limbs 
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with weak muscles and hyperelastic joints, are 
used in rehabilitation departments. Some authors 
recommend axial loads and exercises to strengthen 
muscles in water, which greatly reduced the risk of 
injury [24]. After correcting lower limb deformities, 
Fassier et al. made the intraoperative impressions 
and individual hinge orthoses [57]. For patients 
who never walked preoperatively, they used KAFO 
orthoses, from which, after restoring the strength 
of the quadriceps, they dismantled the knee joint 
module, leaving only ankle-foot orthoses (AFO). 
AFO orthoses were used for patients who are able 
to walk preoperatively.

Conclusion

To date, scientists are unaware of the specific 
mechanism that leads to bone fragility. The 
genotypic and phenotypic variability of OI has 
not yet been explained. The disease pathogenesis 
remains understudied.

OI patients should be treated comprehensively 
by a multidisciplinary team of specialists, consisting 
of pediatricians, endocrinologists, rehabilitologists, 
orthopedic traumatologists, geneticists, dentists, 
audiologists, psychologists, and social workers. To 
date, there are no standards of care for OI patients. 
Each patient requires an individual approach in 
selecting drug therapy and in planning surgical 
treatment.

The effectiveness of drug therapy remains 
low. It consists only in symptomatic treatment 
and does not eliminate the cause of the disease. 
Despite numerous publications proving the 
positive effect of antiresorptive therapy, there is 
no statistically reliable data on whether it leads 
to decreased incidence of fractures, reduced pain, 
and increased mobility. Owing to the progress in 
genetic technologies in recent years, scientists have 
discovered many new genes, wherein mutations 
lead to OIs. This helps to better understand the 
pathogenesis of the disease and develop gene 
therapy.

The question of which fixators—telescopic or 
non-telescopic—are better is still discussed. The 
main advantage of the telescopic fixators is that 
they reduce the frequency of repeated surgeries. For 
children who continue growing, they can be replaced 
with longer ones. The experience of surgeons 
worldwide has shown that the following principles 

must be observed in treating OI patients: deformity 
must be completely eliminated while maintaining 
periosteal blood circulation and minimizing blood 
loss, and intramedullary fixation should be at 
the maximum length of the bone, enabling early 
rehabilitation.

Rehabilitation therapy plays a key role in 
maintaining and expanding the patient’s motor 
regimen, in overcoming the fear of developing new 
fractures.

The complexity of analyzing the results of 
treating OI patients consists in the small number 
of groups, the short term of observations, the high 
variability of the disease course, and the absence of 
a control group.
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