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Background The article reviews the history of the study, development and application of the method of transosseous 
osteosynthesis in the Middle Urals. G.A. Ilizarov first presented his device and the results of its use in fracture repair at a meeting 
of the Trauma and Orthopedic Scientific Society in Sverdlovsk in December 1952. The report was met with great interest. 
Prof. F.R. Bogdanov invited him to conduct research on bone regeneration during compression osteosynthesis at the Ural 
Research Institute for Trauma and Orthopaedics. The work initiated by G.A. Ilizarov and V.I. Stetsula gave rise to a large and long-
term research on transosseous osteosynthesis at the Institute. The study focused on regeneration of bone, muscles, blood vessels 
and nerves, development and justification of compression-distraction osteosynthesis in fractures, limb shortening, nonunions, 
bone deformities, severe injuries to the pelvis, spine and spinal cord. Basic research was conducted to explore the role of the 
blood system and immune reactions involved in bone formation during limb lengthening. Material and methods Databases 
of scientific works and technical solutions registered with authorship certificates and patents of the USSR and the Russian 
Federation by fellow workers of the VOSKHITO, SNIITO, the Ural Research Institute for Trauma and Orthopaedics, the 
holdings of the Institute's scientific archive facility were used for the article. The search depth is 68 years. Results The Ural 
V.D. Chaklin Research Institute for Trauma and Orthopaedics has been studying and using the method of G.A. Ilizarov for many 
years and has made a significant contribution through theoretical rationale, development of new technologies of transosseous 
osteosynthesis, introduction and spread of the techniques over the vast territory of the Middle Urals and neighboring regions. 
Conclusion Despite the fact that in the recent years, transosseous osteosynthesis has to a certain extent been replaced in Russia 
by modern techniques with constructs of internal osteosynthesis, but there is no alternative to the method of G.A. Ilizarov in the 
treatment of gunshot wounds, open fractures, polytrauma, extensive bone defects, achondroplasia and many other disorders of 
the musculoskeletal system.
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INTRODUCTION

The method of compression-distraction 
osteosynthesis is inextricably interwoven with the 
name of the creator Gavriil Abramovich Ilizarov who 
first reported on A new principle of osteosynthesis and 
elongation of the lower limbs using rings and wires 
on December 10, 1952 at a meeting of the Sverdlovsk 
Scientific Medical Trauma and Orthopaedic Society 
and received the author's certificate No. 98471 for 
his invention A method for healing broken bones and 
a frame for the performance in 1954 [1]. The method 
immediately attracted the attention of orthopaedic and 
trauma surgeons due to the favorable outcomes seen in 
patients with bone pathology. Theoretical studies on the 
regularities of bone formation during compression with 
the author's frame were unavailable due to the novelty 
of the method and there was no knowledge about the 
amount of compression forces to be applied, indications 
and contraindications to the new technology, adequate 
postoperative care and many other issues. Professor F.R. 
Bogdanov, Director of the Ural Institute of Trauma and 
Orthopaedics (UITO), initiated experimental research 

to present a theoretical argument for compression 
osteosynthesis. A research group headed by V.I. Stetsula, 
Ph.D., in charge of the pathanatomic laboratory of 
the Institute was established for this purpose in 1956 
to include G.A. Ilizarov and young researchers of 
UITO V.P. Rzhavina, I.A. Staheev, N.V. Novitskaya. 
The first experimental canine study was performed 
by G.A. Ilizarov and V.P. Rzhavina in 1956–1958 to 
explore consolidation in compression arthrodesis of 
the knee joint [2]. The researchers demonstrated the 
possibility of achieving primary bone healing of the 
entire bonesaw area as early as 8–10 days after the 
operation maintaining stiffness at the docking site with 
the frame on. The creation of permanent immobility 
at the site was found to provide optimal conditions for 
osteogenesis and primary bone healing with a small 
volume of regeneration that significantly reduced the 
time of consolidation during joint arthrodesis [3]. The 
results of this study were presented at the IVth Ukranian 
Trauma and Orthopedic Meeting in 1959 and won a 
high appraisal.
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MATERIAL AND METHODS

Databases of scientific works and technical 
solutions registered with authorship certificates and 
patents of the USSR and the Russian Federation by 
fellow workers of the VOSKHITO, SNIITO, the Ural 

Research Institute for Trauma and Orthopaedics, 
the holdings of the Institute's scientific archive 
facility were used for the article. The search depth 
is 68 years.

RESULTS AND DISCUSSION

Complex studies were organized at VOSKHITO 
under the leadership of V.I. Stetsula in 1959 to explore 
compression osteosynthesis experimentally and 
clinically. I.A. Staheev was assigned to experimentally 
investigate healing of auto-, homo- and heterografts 
in complete and permanent immobility during 
compression arthrodesis of the knee joint. Healing of 
large grafts occupying the entire bone cross-section 
with the femoral and tibial epimetaphyses showed 
the possibility of consolidation of the graft and the 
bone bed as early as 2–3 weeks after surgery [4, 5]. 
Based on the findings of the series large homografts 
were applied in clinical scenario to address limb 
shortening during joint arthrodesis. Theoretical 
studies of transosseous compression osteosynthesis 
involved investigations of consolidation of long bone 
fractures and nonunions. The experimental and clinical 
study performed by N.V. Novitskaya [6] showed that 
consolidation of long bone fractures and nonunions 
could heal if the bone was fixed rigidly with the help of 
the transosseous apparatus. The findings exhibited the 
necessity to preserve blood supply in nonunited bone 
[7], the importance of controlling compression forces 
during treatment and indications to open and closed 
compression osteosynthesis of long bone nonunions.

Experimental series on bone regeneration in 
compression osteosynthesis were summarized by 
V.I. Stetsula in 1965. Based on the morphological 
study of the comprehensive and unique experimental 
material, he justified and formulated the basic 
principles of compression osteosynthesis. V.I. Stetsula 
showed that steady pressure did not cause any 
reaction in the bones and did not have any stimulating 
or depressing effect on reparative reactions. Primary 
bone healing was noted to develop with rigid bone 
fixation provided within a short period of time and 
primarily depend on the restoration of local blood 
supply. V. I. Stetsula detected that blood supply at 
the terminal portions of nonunion was similar to that 
of the cancellous bone identifying the active nature 
of reparative osteogenesis [8]. The comprehensive 
study of bone regeneration showed the advantages of 
compression osteosynthesis that provided conditions 
for the normalization of local blood supply and 
activation of bone formation to occur within a 

short period of time as primary bone consolidation 
through rigid bone fixation. The theoretical studies 
significantly contributed to the introduction of 
Ilizarov transosseous compression osteosynthesis 
into clinical practice.

VOSKHITO was renamed the Sverdlovsk 
Research Institute of Reconstructive Surgery, Trauma 
and Orthopaedics (SRIRSTO), Ministry of Health of 
the Russian Federation in 1958. In the 70–80 years 
of the twentieth century, one of the main scientific 
trends of the research of the Institute was the study 
of distraction osteosynthesis experimentally and 
clinically. Experimental studies showed that stable 
Ilizarov fixation during distraction osteosynthesis 
facilitated the diastasis between bone fragments being 
replaced by desmal regenerate bone to be followed 
by restructuring into the diaphyseal bone. Reparative 
regeneration appeared to be dependent on such 
factors as the distraction rate, stable bone fixation, 
the elongation site (metaphysis or diaphysis), the 
extent of preserved blood circulation in the bone. The 
process of distraction osteosynthesis was associated 
with such fundamental questions as what should be 
the rational lengthening rate, the latency period after 
surgery, the amount of one-stage limb lengthening, 
etc. E.T. Nikitenko [9] reported experimental 
latency period for distraction in the metaphysis and 
diaphysis, the optimal daily distraction rate, the 
strength characteristics of the newly formed bone and 
the optimal timing for the functional loading.

Experimental studies of regeneration of 
pathologically altered bone were performed on 
different canine models of nonunions [10]. Desmal 
bone was shown to develop during distraction of 
nonunion and bone lengthening after osteotomy. 
The possibility of replacing the interfragmental 
layer with bone tissue was determined by the type of 
nonunion (hyperplastic or hypoplastic), the nature of 
pathological restructuring at the ends of the fragments 
(osteoporosis, osteosclerosis) and stable fixation of the 
regenerate bone and subsequent restructuring. Clinical 
recommendations were developed for the types of 
surgical intervention, the latency period and the optimal 
distraction rate depending on the baseline pathological 
restruycturing of the nonunion [11, 12]. The findings 
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facilitated introduction of the distraction method into 
clinical practice to treat patients with nonunions.

A clinical study exploring treatment of children with 
lower limb shortening focused on the use of distraction 
osteosynthesis, indications and contraindications to bone 
lengthening, amount of length to be gained, surgical 
strategy and recommendations to prevent errors in the 
treatment of femoral and tibial shortening [13]. Clinical 
and experimental study of pediatric limb lengthening 
using distraction epiphyseolysis was performed at that 
time to identify specific features of reparative bone 
regeneration, age-related indications to the method, its 
effect on the growth of the elongated bone and adjacent 
joints [14]. Generalizing series of V.P. Shtin [15–18] 
were based on a thorough morphological analysis of the 
extensive experimental material and had an important 
theoretical significance for distraction osteosynthesis 
reporting specific features of bone regeneration at all 
stages of limb lengthening and the restructuring phase, 
introducing the term "growth zone" identifying its role 
in distraction regeneration, describing organotypic 
restructuring of the newly formed bone and providing 
general biological justification of the physiology of bone 
formation during distraction based on the analysis of 
changes in the apophysis of the bones of young animals 
during the growth [16, 17]. These studies were very 
important for trauma surgeons enriching significantly their 
knowledge of distraction osteosynthesis and contributing 
to its introduction into medical practice [18, 19].

The studies of the distraction method performed 
in the following years emphasized on the theoretical 
aspects of bifocal distraction osteosynthesis including 
the reparative bone response, regenerate restructuring 
[20, 21], regeneration of muscles and tendons [22] 
and the efferent neurons of the reflex arc [23, 24]. 
In addition to clinical problems associated with the 
introduction of distraction osteosynthesis, the Institute's 
staff conducted experimental basic research to explore 
the role of the blood system and its components in 
bone formation during limb lengthening [25, 26], the 
immunological mechanisms of regulation of recovery 
in distraction osteosynthesis [27 ].

A new specialized clinical department was 
established at the Institute in January 1981 to 
treat patients with bone and joint diseases using 
compression-distraction method. Theoretical studies 
on various aspects of transosseous osteosynthesis 
conducted earlier facilitated management of fractures, 
nonunions, old dislocations, fracture-dislocations, 
contractures of major joints, deformity correction, 
restoration of the anatomical length and shape of 
bone segments at the department.

The researchers developed new methods of treating 
musculoskeletal pathology using compression and 
distraction techniques supported by 53 author's 
certificates and patents. Assessment of the individual 
capacities of a patient with nonunions of long bones 
was part of the research performed at the department 
aimed at restoration of the normal bone structure at the 
site of injury. Prognostic algorithms were developed 
for the preoperative stage and during treatment to 
identify patients with a possible unfavorable outcome. 
Step-by-step monitoring based on prognostic findings 
allowed development of a treatment strategy for a 
particular patient and its timely adjustment to reduce 
postoperative failure rate [28, 29].

Transosseous osteosynthesis as the basic technique 
used at the department was practical for challenging 
clinical scenarios using optimization techniques for 
Ilizarov patients. Those included new highly sensitive 
tests for assessing the dynamics of reparative 
processes, the use of pharmacological agents [30] and 
physical methods for improving osteogenesis [31], 
the use of percutaneous fixators with a nanostructured 
osteoinductive coating [32] and others. A variety 
of optimization techniques for the compression-
distraction method could facilitate reduced length 
of treatment, decreased severity of bone resorption 
at pin sites maintaining stable fixation and patient 
compliance as a very important tool for the successful 
outcome. Many-year experience of the clinic in the 
treatment of osteoporotic patients using the method 
of transosseous osteosynthesis has shown that the 
Ilizarov method is the best treatment option for any 
bone pathology regardless of the type of osteoporosis. 
Transosseous osteosynthesis technologies with less 
traumatic bone surgery can provide a high percentage 
of recovery for osteoporotic patients suffering from 
bone and joint diseases [30, 31, 32].

The history of transosseous osteosynthesis applied 
to pelvic bones in SRIRSTO dates back to the 70s of the 
twentieth century, when N. A. Serebrennikov offered a 
device for pelvic reduction and fixation [33]. However, 
the design of the frame failed to provide stable fixation 
during the entire period of pelvic healing and was 
not widely used in clinical practice. A new device for 
pelvic bones was devised in 1989 by a group of authors 
led by Director of the Institute S.M. Kutepov [34]. The 
device had a circular external support and could be 
used for reduction of the vertical displacements of the 
broken pelvic half with the rods fixed to the posterior 
pelvis providing stable fixation for the entire period of 
consolidation [35, 36, 37]. Pelvic applications were 
further developed by A.V. Runkov and co-authors who 
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offered an updated design of the device [38]. New 
fixation and transosseous components were developed 
for the device with original variants of the placement, 
improved system of reduction units and the modular 
principle of building an external support. The new 
device with the unique reduction capacity could be used 
for the treatment of most severe posttraumatic pelvic 
deformities including bilateral cases. Step-by-step 
correction of pelvic ring deformities was performed [39, 
40, 41] with such original procedures as percutaneous 
osteotomy of the posterior and anterior pelvis and 
bone-plastic reconstructions developed and introduced 
into clinical practice. Extensive Institute's experience 
in the treatment of pelvic injuries and deformities was 
summarized in the book on transosseous osteosynthesis 
published abroad and edited by Professor L.N. Solomin 
[42, 44]. In 2010 the team of authors was awarded 
with the Foundation for High Medical Technologies 
Diploma established in memory of Academician 
G.A. Ilizarov for their great contribution to the 
improvement and implementation of technologies of 
transosseous osteosynthesis in the treatment of pelvic 
injuries and posttraumatic conditions. Nowadays 
the Ural Institute of Traumatology and Orthopedics 
named after V.D. Chaklin continues to develop new 
technologies for the treatment of complex multiplanar 
pelvic deformities and combined minimally invasive 
procedures for the fixation.

Spinal surgery have long remained uninvolved with 
Ilizarov external fixation despite the fact that the ideas 
of G.A. Ilizarov have long been widely used in trauma 
and orthopaedics. Since 1992, the team of authors 
at UITO has been conducting anatomotopographic 
research of the thoracic and lumbosacral spine. 
Elastic modulus and the ultimate strength of 
the spinal cancellous bone were experimentally 
determined at destruction with radiometry performed 
for the lower thoracic and lumbar spine. Based on 
these data the authors specified the parameters for 
the rods of spinal transpedicular fixation and devised 
the original shape of the basic support plate and 

auxiliary components of the external fixation device 
[45-48]. New knowledge about the interaction at 
the "rod-bone" boundary allowed us to extend the 
possibilities of the spinal rod fixation and develop 
the methods of closed, less traumatic, controlled 
correction of spinal deformities in three planes with 
a new approach to the spinal deformity realignment 
for closed decompression of the spinal cord and 
cauda equina roots. Osteosynthesis with the original 
external fixation device proved to be a reliable way 
to stabilize the spine for the entire period necessary 
for the formation of new structural bonds of the 
injured spine. New treatment methods for spinal cord 
injuries, old spinal fractures and diseases have shown 
to be very effective [49–53]. External fixation of the 
spine significantly reduced the time of consolidation 
after surgical treatment and reduced disability rates 
[54–57]. New treatment method developed at the 
spinal clinic to address spinal injuries and diseases 
were covered by 13 patents of the Russian Federation, 
and the research team was awarded the prize of the 
Academician G. A. Ilizarov Foundation for a series 
of works in the field of science and technology 
"Development of external fixation devices and new 
methods of treatment for injuries and diseases of the 
spine and the spinal cord". In addition to that, new 
technologies for the treatment of spinal diseases and 
injuries have been awarded with multiple diplomas for 
the best innovative projects in the field of intellectual 
property in Russia. Theoretical studies on various 
theoretical and clinical aspects of bone formation 
during transosseous compression osteosynthesis 
have been performed at the Institute since 1956 
(V.I. Stetsula, G.A. Ilizarov, V.P. Rzhavina, 1959) 
and were included in 16 doctoral and 32 PhD theses, 
22 monographs. We can suggest that these works 
along with the contribution from many other authors 
have significantly extended Ilizarov applications 
and yielded more insight into the "Ilizarov Effect" 
of general biological response of tissues to gradual 
distraction as growth and regeneration [58, 59].

CONCLUSION

Although transosseous osteosynthesis techniques 
have been replaced in some ways by modern plate 
and nail designs in Russia in recent years there is no 
alternative to the Ilizarov method in the treatment 
of gunshot wounds, open fractures, polytrauma, 
extensive bone defects, achondroplasia and many 
other musculoskeletal disorders. Reconstructive 
surgery of the bones and joints based on the laws of 

nature formulated as the "Ilizarov Effect" is known 
all over the world. Transosseous osteosynthesis 
can be used as a standalone method of treatment 
and also be combined with other technologies that 
extend the possibilities of the outstanding method 
to address the challenging clinical scenarios 
when other methods of treatment fail to provide a 
successful result.

No competing interests were disclosed. The authors received no specific funding for this work.
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