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Introduction Surgical correction of orthopedic problems in children and adults with severe osteogenesis imperfecta is
of interest to the medical community. The aim of this study was to review the current relevant literature on the role of
orthopedic surgery in the treatment of children and adults with osteogenesis imperfecta and the integration of surgery
into a multidisciplinary approach to the treatment of patients with osteogenesis imperfecta. The review is based on the
material of the report presented at the first educational conference of the European Pediatric Orthopedic Society which was
held in Russia at the Ilizarov Center in 2021. Material and methods To prepare the review, we searched for information
sources at the scientific platforms such as PubMed, Scopus, ResearchGate, RSCI, as well as published products (Elsevier,
Springer). Results and discussion The review includes a discussion of the classification, indications, features of the surgical
technique and the early postoperative period, the role of early functional loading, the features of long-term treatment results
of using telescopic transphyseal constructs in the correction of deformities of lower limb long bones as well as issues of the
combination of orthopedic surgery and bisphosphonate therapy. Conclusion Orthopedic support of children and adults with
severe and moderate types of osteogenesis imperfecta requires construction of a multifactorial strategy that takes into account
the requirements of physical therapy and medication treatment, as well as the use of specialized implants, instrumentation

and methods of surgical intervention, while an optimal solution has been still sought.
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INTRODUCTION

Surgical correction of orthopedic problems in
children and adults with severe types of osteogenesis
imperfecta evokes an increasing interest in the
medical community. The aim of this study was to
review the current relevant literature on the role
of orthopedic surgery in the treatment of children
and adults with osteogenesis imperfecta and the

integration of surgery into a multidisciplinary
approach in the treatment of patients with
osteogenesis imperfecta. The review is based on
the material presented at the educational conference
of the European Pediatric Orthopedic Society held
in Russia at the Ilizarov Center for the first time in
2021, which is presented by sections.

MATERIAL AND METHODS

To prepare the review, we searched for information
sources at the scientific platforms such as PubMed,

Scopus, ResearchGate, RSCI, as well as other
published products (Elsevier, Springer).

RESULTS AND DISCUSSION

Definition

Osteogenesis imperfecta (Ol) is a group of genetic
disorders caused by different inherited mutations and is
characterized by frequent fractures, bone deformities,
low bone mineral density and osteopenia [1-5].

Clinical and radiographic classification

The first clinical classification of Ol was proposed
by Sillence et al in 1979 [1]. It is based on clinical
and radiological manifestations of the disease and
distinguishes types I, II, III and IV of the disease, as
mentioned above. Subsequently, the classification
was expanded [3, 4]; in particular, type V was added
(dominantly inherited OI with the formation of bulky
hypertrophied calluses not prone to remodeling

and ossification of the interosseous membranes).
However, the generally accepted classification of
osteogenesis imperfecta has not been developed
yet [6]. Currently, for clinical purposes associated
with the surgical correction of orthopedic problems
in Ol (choice of method, prognosis), despite the
progress in genetic studies and the identification
of new genes responsible for the disease, the
phenotypic (clinical and radiological) classification
remains relevant [9, 10]. The Working Group of the
International Skeletal Dysplasia Society recommends
identifying the type of OI (I, II, III, IV, V) by clinical
signs, defining subclasses depending on the type of
inheritance and the genetic abnormality found [7, 11].
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The decision on the method of surgical treatment
is made on the basis of disease severity identified with
a modified Sillence classification [9, 10]. Clinical
and radiological classification [9] is used for purely
practical purposes. Type I refers to a mild course of the
disease, characterized by a relatively low frequency
of fractures and a low risk of bone deformities, and
rare indications for reconstructive treatment. Type II
is the most severe Ol type; children die at an early age,
indications for surgical orthopedic treatment are not
considered. Type III is the most severe type of OI in
children who have survived the neonatal period, and
in whom the frequency of fractures and deformities is
high. Type 1V is characterized as moderately severe
or moderate; fractures and deformities are more
common than in the first type, indications for surgical
treatment are very frequent. Type V is of similar
severity to type IV but the formation of volumetric
hypertrophied and not prone to remodeling calluses
after fractures and osteotomies along with ossification
of the interosseous membranes significantly limit the
indications for surgical treatment.

Conservative orthopedic treatment

Conservative orthopedic treatment, in fact, is part
of a physical therapy program aimed at maintaining
the child's physical activity, acquiring skills in vertical
posture, maintaining and developing muscle strength
[7, 8, 12-14].

Orthoses applied on the lower extremities (tutors,
apparatuses) aim to compensate for joint instability
associated with hyperelasticity of the ligamentous
apparatus, and to correct the position in the joints due
to muscle weakness, which is also part of the program
of postoperative management of patients [13, 14].

Limb fracture repair in children with osteogenesis
imperfecta

The choice of treatment method depends, first
of all, on the type and severity of osteogenesis
imperfecta.

In OI type I, bone consolidation occurs within
the usual term. And, if surgical treatment involving
internal osteosynthesis does not find indications, the
duration of immobilization with a plaster cast should
not be longer than in healthy children [8, 11].

In severe Ol types (types IIL, IV), an increased rate
of fractures is observed in the preschool and school
age [15, 16]. The principal approach to treatment is to
minimize duration of immobilization and the period
without functional limb loading in order to exclude the
development of secondary osteoporosis [8, 17-19].

Almost complete elimination of the displacement
of fragments is mandatory, since the consolidation of
fractures with angular deformities of more than 20°
predisposes to repeated pathological fractures due to
pathological restructuring of the bone tissue in the
deformed portion of the bone [20-22]. For treating
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fractures due to existing deformities, it is recommended
to perform primary telescopic intramedullary
osteosynthesis in combination with surgical correction
of angular and torsional deformities [10, 12, 16, 17,
23-29]. The primary use of telescopic intramedullary
osteosynthesis reduces the frequency of future
interventions in comparison with the osteosynthesis
with traditional non-telescopic implants [30].

Fixation with plates or screws is contraindicated
in osteosynthesis in OI patients, since stress
concentration of efforts leads to bone fractures at
the border of the materials with different mechanical
properties, at the level of the proximal and distal
edges of the plate [8, 31-33].

It should be noted that the use of non-telescopic
structures (Kirschner wires, Kuntcher nails, Rush or
Ender rods) in the treatment of bone fractures provides
good and excellent results in the short term. However,
as the bone grows and the growth plates move from
the osteosynthesis site, problems of fractures and
progressive deformities arise in the newly formed
bone areas, outside the osteosynthesis zone [11, 17].

Long-bone deformity correction in children with Ol

The global task of orthopedic surgical treatment of
deformities as part of a multidisciplinary approach is
to maintain physical activity, autonomy, the ability to
acquire and develop motor skills, and facilitate care.
This is achieved through an increase in the mechanical
strength of bones throughout their entire length
by surgical intervention, prevention of recurrence
of deformities and a decrease in the frequency of
fractures [10, 11, 14, 34].

The optimal moment for surgical correction is
the age when the child is physiologically ready for
vertical posture and walking [8, 29, 30].

The indications for surgical treatment in children,
which most orthopedists recognize as reasonable,
are angular deformities of the lower extremities of
more than 20°, deformities of a progressive nature,
repeated fractures, more often localized on the
deformity arch, functional motor disorders caused by
torsion deformities, bone nonunion, varus deformity
of the neck of the femur accompanied by a significant
limitation of hip abduction, absence or loss of skills
of'independent movement or even vertical positioning
due to frequent fractures even in case of minor
deformities of the limbs, when orthopedic treatment
with orthoses is ineffective [4, 35-38].

The generally accepted methods of correcting
bone deformities are corrective osteotomies while
the main method of osteosynthesis is telescopic
intramedullary rigid or elastic rods in the medullary
canal with the diverging parts of the rods in opposite
epiphyses (apophyses), distal and proximal to growth
zones [11, 12, 17, 19, 25, 26, 28]. They ensure
constant reinforcement of the bone throughout the
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entire process of growth due to the divergence of the
parts of the structure in opposite directions [25, 39].

Modern telescopic systems enable their extra-
articular introduction by performing minimally invasive
percutaneous osteotomies, preserve the periosteal blood
supply to the bone, reduce the time and invasiveness
of the operation, and also minimize the complications
inherent in open surgical interventions. The Fassier-
Duval rod [26, 39, 40], the Sheffield rod [41] and its
modifications [42], the Santili telescopic intramedullary
rod [43], and the Russian titanium telescopic rod [28,
44] have been used in surgical practice. Telescopic
systems providing sliding of one part inside another
have been currently the method of choice. Their use in
children with severe and moderate OI types provides
an improvement in functional abilities, increased
motor activity, autonomy, a decrease in the number of
reoperations and a decrease in the number of fractures
[10, 30]. The decreased invasiveness of the intervention
allows for simultaneous bilateral reinforcement of the
femur in children with OI type 111 [10].

Transphyseal reinforcement with elastic nails
retains indications for small transverse diameters
of bones (especially at the age of 4-5 years), with
complete obliteration of the medullary cavity and small
diameters, when the nails may pass subperiosteally,
as well as for correction of forearm deformities [25,
45—47]. Subperiosteal conduction of elastic nails at the
level of the diaphysis, inserted transphyseally and from
the metaphysis into the opposite metaphyseal part, has
been indicated in complete obliteration of the medullary
canal, a small diameter of the bone, in children under 6
years of age in case if technical implementation of the
reinforcement with telescopic rods is impossible [48].

If there are indications, the reinforcement with
elastic nails or Rush rods is technically possible
already from the age of 2-3 years; the use of telescopic
rods is recommended (primary or secondary with the
replacement of the previously installed thin rods and
pins) as soon as the diameter of the bone and the
transverse dimensions of the medullary canal allow
this to be done technically [10, 17, 26, 30, 40].

The use of external osteosynthesis for lengthening
or gradual correction of deformities is possible only
in patients with OI of mild severity (type I) or in
combination with intramedullary osteoinductive
osteosynthesis. The latter possibility has so far been
presented only in some cases [49, 50].

At the present stage, the use of telescopic
systems in comparison with conventional means of
intramedullary osteosynthesis remains somewhat
controversial. Telescopic systems are more difficult
to use and much more expensive [S51]. Moreover,
telescopic systems have the risk of failure of
separation of their parts and damage to the growth
cartilage that means the loss of their function [8].
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Complications and repeated interventions in
telescopic nailing

Information on the risks associated with
complications and re-interventions should be fully
communicated to the family members of the patient.
The medical and patient community must be ready
that there are risks even with the use of a sufficiently
high level of surgical technology.

The total rate of repeated interventions, including
rod change as the child grows and surgical correction
of complications if telescopic rods are used
throughout the child's growth is 14.3—53 %; by using
non-telescopic implants it is 58-87 %, and up to
100 % of cases in elastic reinforcement [8, 27, 40,
52, 53]. The Canadian team reported a 36.1 % rate of
reoperations and rod changes over a follow-up period
of more than 10 years, but the results were reported as
a presentation [54].

In the peer-reviewed publications, the following data
can be found. Retention of position and effectiveness of
the Fassier-Duval rod (survival without replacing the rod
with anew one) for the three-year period was 92.3 %[30],
77 % for Bailey-Dubow [55] and 92.9 % for the Sheffiel
telescopic Rod [56]. Azzam et al reported Fassier-Duval
rod replacement in 53 % of cases within 52 months after
surgery [52]. Cho et al [57] for a modified Sheffield rod
and Spahn et al [30] for the Fassier-Duval rod indicate
an 88 % survival rate over a four-year period. Finally,
for a five-year period without replacing the rod for a new
one, the result of the operation was retained in 63 % for
the thigh and 64 % for the lower leg according to Cox
et al [58]. Shin et al used a dual interlocking telescopic
rod (D-ITR) and reported that after an average follow-
up of 5.3 years the need to replace the rod was seen in
25 % of cases, which is the best result among all known
telescopic systems [42].

In terms of the greatest balance between the number
of operations, recurrence of deformities and their
surgical correction, and the achieved result, the methods
of acute correction of deformities with transphyseal
reinforcement in children in combination with external
fixation (2.1 surgeries per case, on average, for a
follow-up period of 2 or more years) are comparable
with the data of the isolated use of elastic transphyseal
reinforcement (2.5 operations per case) [25, 27], but
higher than for a telescopic rod [12, 26, 27, 33].

Moreover, the rate of revision surgery also depends
on the severity of OI and it reaches 67.86 % in OI
type III and 31.82 % in OI type IV[43].

Non-divergence of the telescopic rod parts (2.1-
40% of cases), intra-articular displacement of the
ends of the rod and migration of parts of the implant
(2.1-12.7 %), fractures and deformations of the rod (up
to 6.9 %), bone fractures on the rod (up to 27 %) are
found, in general, in 3540 % of cases with the use of
telescopic rods in patients with severe and moderate Ol
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types [11, 26]. Boutaud et al reported a 25 % incidence
of complications with elastic reinforcement but for a
series where 42.9 % of patients were with OI type 1 [25].

Theincidence ofnonunion ordelayed consolidation
at the osteotomy level varies from 0 to 14.5 % [26,
40]. Munns et al observed delayed bone consolidation
in 103 cases out of 200 (51.5 %) treated with the
Fassier-Duval rod, which was typical in patients with
Ol type IV after the operations on the lower leg bones
who received pamidronate [59].

The eccentric position of the inner part of the
Fassier-Duval rod in the distal epiphysis (technical
errors) significantly increases the risks of non-
divergence of the rod parts, its bending, loss of fixation
in the epiphyses and the need for its replacement [60].
The authors of this publication in 13 patients who
were treated with 66 Fassier-Duval rods and sustained
75 operations during a follow-up period of 8.9 years,
encountered the following complications: loss of
rod fixation in the epiphyses or greater trochanter
(6 cases), lack of telescoping (7 cases), protrusion of
the rod into the joint (12 cases), significant bending of
the rod (6 cases) that required revision intervention.

The isolated use of intramedullary implants requires
from 4 to 8 weeks in the postoperative period without
loading. This is an unfavorable condition as it contributes
to an additional decrease in bone density [25, 36, 61, 62].

Telescopic rods and elastic intramedullary
reinforcement do not at all prevent the occurrence
of secondary torsional deformations. At the level of
the femur, retroversion of the neck is typical which
is clinically expressed by a pronounced external
rotation of the entire limb [36, 37, 63, 64].

The combination of a telescopic rod and external
osteosynthesis which is limited in time and volume
allows axial load on the operated limb during the
first week after surgery and completely eliminates
secondary torsion and longitudinal displacement of
bone fragments [26, 28, 65]. In a series of 12 patients
with a relatively short follow-up period of 1-3 years,
the safety of the use of a limited (in time and volume)
external osteosynthesis for patients with osteogenesis
imperfecta was shown. There was not a single case
of non-divergence of the parts of the titanium rod or
its deformities associated with specific features of the
alloy from which it was made [28].

Another way to prevent secondary torsional
deformations is the combined use of telescopic rods
and locking plates with monocortical screw insertion
in some cases [66]. However, this method of shunting
the axial forces with a plate eliminates the load on the
operated area of the bone but requires a mandatory
separate operation to remove the plate after bone
consolidation [66]. And, of course, such a method of
osteosynthesis excludes the possibility of minimally
invasive percutaneous osteotomies, which are possible
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with the installation of a Fassier-Duval telescopic
rod [26, 39]. Preliminary results of the use of plate
fixation of the fracture site or osteotomy in combination
with telescopic or non-telescopic rods showed that after
a follow-up period of 10 months, bone union occurred
after a mean period of 8.8 weeks [67].

There is a risk of epiphysiodesis as a complication
of transphyseal implants application [8, 11, 17].
Currently, the magnitude of this risk has not been
studied in clinical settings.

The use of steel implants limits or completely
excludes the use of MRI in children with OI in
situations if indicated [68—70]. The only publication
based on a retrospective series of 10 cases (evidence
level IV) provides the possibility of performing MRI
of no more than 1.5 T in patients with Fassier-Duval
steel rods, but indicates a limitation of the significance
of these results due to a small sample, lack of data in
performing MRI on more powerful systems (more than
1.5T) and, accordingly, the need to warn patients and
their parents about the theoretical risk of migration
of steel rods [71]. The use of titanium rods prevents
problems with magnetic resonance imaging [44].

Orthopedic interventions in adults with Ol

Typical orthopedic problems in adults with
osteogenesis imperfectainclude fractures, deformities,
and early degenerative changes in the joints [72—74].

Conservative treatment is recommended for closed
fractures without displacement [60]. Osteosynthesis
should not be performed with plates or rigid rods [72].

There is a high risk of nonunion or delayed
consolidation by performing reconstructive surgery,
[72,73]. The wuse of combined techniques in
association with osteoinductive intramedullary rods
reduces the risk of nonunion [44]. Arthroplasty is
based on the use of customized joint implants [8].

Orthopaedic surgery and bisphosphonate therapy

There is limited evidence of the effectiveness of
bisphosphonates in reducing the incidence of long
bone fractures in children in a controlled randomized
trial [75]. Meta-analysis of the literature and two
Cocrane reviews do not support a positive effect
of bisphosphonates on the incidence of fractures in
children with osteogenesis imperfecta [76—78].

The use of bisphosphonates does not slow down
the healing of bone fractures [11, 78, 79]. There is
a risk [80-82] of pathological fractures at the level
of areas of increased bone density due to inhibition
of bone remodeling and a decrease in the elastic
properties of bone tissue as a result of excessive
intake of bisphosphonates.

The risk of delayed bone union after corrective
osteotomies, performed not with a vibrating saw but
with an osteotome, is reduced by taking a 4-month
break in bisphosphonates intake (zoledronic acid and
pamidronate) [59, 83].
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Intake of bisphosphonates reduces the amount
of blood loss in surgical correction of deformities
due to effect of increasing bone density, reducing
the proportion of cancellous bone substance,
thickening of the cortical plates. On the other
hand, the inhibiting the effect of bisphosphonates
on farnesyl pyrophosphate synthetase and
prenylation of many plasma proteins, including
methylenetetrahydrofolium, is able to disturb the
coagulation cascade [84].
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It was reported that administration of pamidronate
resulted in the absence of consolidation one year after
the operation in 72 % of cases. When this drug was
changed to zoledronic acid in the therapeutic protocol,
the infusion of which was started no earlier than 4
months after the operation, it reduced the incidence
of nonunion to 42 %. Moreover, the performance of
osteotomy without the use of a vibrant saw but with an
osteotome has been also attributed to the factors that
improve the conditions for bone consolidation [59, 83].

CONCLUSION

Orthopedic support of children and adults with
severe and moderate types of osteogenesis imperfecta
requires construction of a multifactorial strategy that
should consider the requirements of physical therapy

and medication treatment, as well as the use of
specialized implants, instrumentation and methods of
surgical intervention, while an optimal solution has
been still sought.
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