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First use experience with titanium telescopic rod in pediatric limb deformity correction
in osteogenesis imperfecta
E.R. Mingazov, F.F. Gofman, A.V. Popkov, A.M. Aranovich, A.V. Gubin, D.A. Popkov

Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation

Objective Present and evaluate results from the first use of a Russian titanium telescopic rod in children with osteogenesis
imperfecta. Material and methods A study group included 7 patients with osteogenesis imperfecta types III and IV who
underwent femoral and tibial deformity correction with a combined use of titanium telescopic rod and reduced Ilizarov
frame. The follow-up period was 6-12 months. Results The desired correction was achieved and maintained in all the cases
at 6 to 12 months. The mean length of external fixation was 30.2 * 7.5 days. No complications related to external fixation
were observed. Telescoping was present in all cases. No secondary bone displacement, telescopic rod migration were noted.
Conclusion Titanium telescopic rod applied in combined technology of long bone deformity correction in children with
severe osteogenesis imperfecta showed high reproducibility of the technique, the possibility of desired correction and no
problems related to rod migration. Telescoping of the rod occurred in all cases with no episodes of blocking. The correction
achieved persisted throughout the whole period of observation.
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INTRODUCTION

Transphyseal telescopic rodding was offered for
long-lasting intramedullary (IM) osteosynthesis of
long bones in children with osteogenesis imperfecta
(O [1, 2, 3, 4]. Most successful systems include
telescopic rods (Fassier-Duval, Bayley-Dubow) [5,
6, 7, 8], and outcomes with telescopic systems using
transphyseal elastic nails have also been reported
[7, 9, 10]. The major limitation of any telescopic
rod is its inherent rotational instability [11, 12, 13]
which, being combined with longitudinal instability
of the construct and delayed consolidation and/
or considerably severe orthopaedic pathology,
can aggravate clinical scenario and result in new
iatrogenic orthopaedic problems [14]. In addition
to that, axial weight-bearing on the operated limb
cannot be allowed at a short term postsurgery with
standalone telescopic IM system [8, 11, 15]. This can
lead to a secondary decrease in bone mass, aggravated
osteoporosis and predispose to secondary fractures in
patients with OI [2, 12, 13, 16]. The presence of metal

telescopic constructs raises concerns in producing
magnetic resonance imaging (MRI) [17, 18, 19, 20].
Finally, the cost of foreign telescopic rods remains
extremely high.

Combination of intramedullary telescopic
systems and reduced external fixation applied at the
Kurgan Ilizarov Center was shown to be effective
overcoming disadvantages of longitudinal and
rotational instability of standalone telescopic systems
[21, 22]. This approach facilitated appropriate axial
loading at early postoperative period [23]. Russian
telescopic rod made of titanium alloy has been
made commercially available in Russia since July
10, 2017 and has been used at the Kurgan Ilizarov
Center since February 2018 as part of combined
osteosynthesis.

The purpose of the report is to present and
evaluate results from the first use of a Russian
titanium telescopic rod in children with osteogenesis

imperfecta at a 6-to-12-month follow-up.

MATERIALS AND METHODS

The study included 7 children with Sillence
types III and IV OI [24] who underwent femoral
deformity correction (6 segments) or tibial deformity
correction (2 segments) with combined technique

using Russian titanium rod (intramedullary telescopic
rod, reg. certificate N® RZN 2017/6876 dtd 10.07.17.
Designer: OO0 “Metis”, Tomsk; manufacturer:

“Osteosynthes”, Rybinsk). The rod was made from
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VT-6 titanium alloy, GOST 19807-91. The binding
inclusion criterion was length of observation of at
least 6 months postsurgery.

Sillence type III OI was diagnosed in two children
and five had type IV OI. Mean age of the patients at
the time of surgery was 9.4 £ 1.5 years. Emergency
operative treatment as a primary procedure was
produced in two cases for femoral fracture of
malaligned femur. Revision rodding was performed in
the rest of the cases after elastic nailing (5 segments:
3 femurs, 2 tibiae) or telescopic stainless steel nailing
(1 femur). Indications to revision rodding included
recurrent clinically important deformity with low
ambulation capabilities, low physical function,
absence of telescopic steel rod and the development
steps
included removal of a construct in revision rodding

of a metadiaphyseal deformity. Surgical
procedure, introduction of a guidewire with correcting
osteotomies consecutively performed, reaming of
intramedullary canal, placement of telescopic rod and
fixation of threaded ends in the epiphysis (apophysis
of greater trochanter), wound suturing, osteosynthesis
with reduced Ilizarov external fixation device using
distal and proximal rings and 2-3 fixation components.

Introduction of telescopic rod started with the
threaded end of the inner part primarily located at the
level of distal metaphysis followed by placement of
the external component to be screwed into the greater
trochanter at femoral rodding or proximal tibial
epiphysis. Then the inner component was placed
by screwing the outstanding portion into the distal
epiphysis and the outstanding part was cut off. The
sequence of the placement excluded protrusion of
the inner component into the distal joint with regard

to the rodding segment as described in the manual
on classic Fassier-Duval telescopic intramedullary
system [11].

Outcomes of surgical intervention were evaluated by:

1) length of surgery, blood loss, decrease in
RBC and hemoglobin counts in the first 48 hours
postsurgery (the least values), blood transfusion;

2) length of external fixation;
[25, 26]
preoperatively, postoperatively, after removal of

3) reference  angles measured
the Ilizarov frame, at 6-12 months postsurgery
(mLPFA - mechanical

angle, aMPFA - anatomical medial proximal femoral

lateral proximal femoral
angle, mLDFA - mechanical lateral distal femoral
angle, aLLDFA - anatomical lateral distal femoral
angle, mMPTA - mechanical medial proximal tibial
angle, aMPTA - anatomical medial proximal tibial
mLDTA - mechanical lateral distal tibial
angle, aLDTA - anatomical lateral distal tibial angle,
PDFA - posterior distal PPTA -

posterior proximal tibial angle, ADTA - anterior distal

angle,

femoral angle,
tibial angle). Anatomical angles between the articular
line and telescopic rod placed along the anatomical
axis were measured postoperatively. The approach
reflected a possible change in orientation of articular
ends with regard to the segment axis during residual
growth and/or owing to remodeling of pathological
bone around the nail or nail migration;

4) length of rod telescoping;

5) adverse effects, errors and complications.

Statistical data analysis was performed using
AtteStat 13.1 computer program (Russia). Statistical
analysis included descriptive statistics: the arithmetic
mean (M) and standard deviation (SD).

RESULTS

Theaverageoperatingtimewas136.1 * 38.7 minutes
on the whole, 130 *+ 35.4 minutes for primary rodding
and137.9 * 42.1 minutesforrevisionrodding combined
with reduced Ilizarov external fixation. Estimated blood
loss was 143.9 + 55.7 mL including 163.3 # 58.9 mL

surgeries. Table 1 shows preoperative RBC and
hemoglobin counts and the minimal values recorded
in the first 48 hours postsurgery. Blood transfusion was
required in revision femoral procedures (n = 2) and in
primary femoral rodding (n = 1) with difficulties in use

in femoral procedures and 41.7 + 10.4 mL in tibial of tourniquet.
Table 1
RBC and hemoglobin count
Parameter Preoperative count First 48 hours postsurgery
RBC count in femoral deformity correction; x 10'%/mL 4.2+0.5 3.1%0.5
Hemoglobin in femoral deformity correction; g/mL 122.3 £ 13.1 90.7 £ 15.9
RBC count in tibial deformity correction; x 10'%/mL 4.39 +0.29 4.12+0.16
Hemoglobin count in tibial deformity correction; g/mL 118.0 £ 7.1 113.7+5.5
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Length of external fixation was
30.2 = 7.55 days (28.7 + 4.03 days for the femur
and 33.4 £ 12.86 days for the tibia). All patients
were verticalized using crutches or walkers with
full axial loading on the operated limb during the
first seven postoperative days. Plaster cast with
free hip and ankle joints was applied for 3-4 weeks
to all patients after frame removal. They continued
walking with full weight-bearing with the cast on.
Radiological and anatomical measurements of the
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operated femur and tibia are presented in Tables 2
and 3.

The mean reference angles achieved were shown
to be normal or close to normal values throughout the
whole period of observation (Fig. 1 and 2). A slight
decrease in mLPFA caused by moderate varus deformity
of the femoral neck was accompanied by abduction of
the femur of at least 40°. Increased measurements of
ADTA were associated with dorsal flexion of the foot
of at least 20° that excluded functional limitations.

Table 2
Radiological and anatomical measurements of the femur, reference angles (°)

Description mLPFA aMPFA mLDFA aLDFA PDFA
Preoperative 100.5 + 134 80.7 = 8.4 101.8+ 7.3 87.5+11.3 70.3+11.1
Postsurgery 85.7+14.8 89.3 £ 12.97 89.3+4.4 85.8+6.2 81.5+6.5
Frame removed 86.2 £ 15.4 88.3+16.2 91.3+4.6 85.2+4.5 81.8+ 7.5
6—-12-month follow-up 85+ 15.2 89.3+15.9 92.8%6.2 86.2 + 5.2 82.3%6.3

Table 3
Radiological and anatomical measurements of the tibia, reference angles (°)
Description mMPTA aMPTA mLDTA aLDTA PPTA ADTA
Preoperative 92 £4.2 87 3.7 82%7.1 84.7 + 2.5 76 £ 8.5 121 £12.7
Postsurgery 88.5 2.1 88.5 2.1 82 +8.5 82 +8.5 85+0.7 104.5 + 6.4
Frame removed 89.5+0.7 89 0.5 86.5+0.71 85+1.4 80.5 0.7 104 £ 5.7
6-12-month follow-up 89+14 90.5 +0.7 86.5+0.71 84.5+0.7 81.5+0.7 103.5+ 4.9

Fig. 1 An instance of revision correction of femoral deformities showing (a) preoperative radiographs; (b) deformity of the left
femur being corrected with combined technique; (c¢) deformity of the right femur being corrected with combined technique; (d)
external fixation devices removed; (e) rod telescoping and no signs of migration at 12 months after removal of the frame from
the right femur and at 13 months after removal of the frame from the left femur
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Fig. 2 An instance of revision correction of tibial deformity showing (a) preoperative radiographs; (b) combined osteosynthesis
with the Ilizarov apparatus and titanium nail; (c¢) external fixation devices removed; (d) rod telescoping and no signs of

migration at 12-month follow-up

Telescoping length measured in patients with a
follow-up of at least 12 months was 13.5 * 2.8 mm in
the tibia and 15 * 1.4 mm in the femur. Adverse events
and complications included undisplaced fracture at
the distal femoral metaphysis (n=1) that occurred
at positioning of the patient on the operating table.
Neither additional intervention nor changes in the
preoperative planning were required in the case, and
the complication did not affect the final outcome.
Another patient developed partial recurrence of varus
deformity (n = 1) atthe correction level due to moderate
compression forces created between rings of the frame
at early postoperative period (Fig. 3). The deformity
was deemed to occur due to insufficient diameter of

i

the rod placed into a wider intramedullary canal.
The complication did not affect the final result of the
treatment because of bifocal correction that allowed us
to achieve normal mechanical reference angles of the
femur and proper alignment of the lower limb.

No inflammatory events were recorded around
the Ilizarov components throughout the observation
period. Rod telescoping occurred in all cases. Neither
loss of threaded fixation in the femoral and tibial
epiphyses and apophysis of the greater trochanter
nor migration of the rod to the knee and ankle
joints were observed in the patients. No secondary
rotational or longitudinal bone displacement was
noted in the cases.

oy

Fig. 3 An instance of partial loss of deformity correction at the level of the proximal osteotomy showing (a) preoperative
radiograph; (b) intraoperative radiograph; (c) an angular deformity of 7° developed at the level of the proximal osteotomy
following compression forces created with the rings of the extrenal fixator; (d) radiograph of the femur after frame removal

DISCUSSION

Telescoping rodding is considered to be the most
successful solution in creation of intramedullary
transphyseal telescopic system applied for correction

of long bone deformities in children with OIL
However, the complication rate is reported to range
from 35 % to 55 % in standalone application of
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telescopic systems [8]. The reported complications [9,
27, 28] include migration of the rod or construct parts
in 10.5-23.7 % of the cases, inability to telescope in
2.1 %, fractures of nails in 6.9 %, delayed or failed
consolidation of osteotomized bone fixed with
telescopic IM nail in 20-25 %. Standalone application
of intramedullary constructs suggests a 4-to-6-week
period when the patient should avoid substantial
weight-bearing on the limb to prevent secondary
deformity. This aspect is unfavorable for the bone
since it results in additional decrease in BMD due
to immobilization with orthosis or plaster cast and
absence of axial loading [6, 7, 9, 29, 30]. In addition to
that, telescopic rods and elastic nailing cannot prevent
the development of secondary torsion deformity (bone
twisting at the level of osteotomy) or postoperative loss
of torsional correction [5, 30, 31]. A recent article [32]
on OI with F. Fassier being one of co-authors indicates
to the use of telescopic rods versus regular and
elastic rods as being controversial with technically
demanding technique and high costs of telescopic
systems. The reoperation rate with telescoping rods is
reported to be close to 50 % compared with 58-87 %
with regular rods.

Combined technique developed at the Kurgan
Ilizarov Center for pediatric correction of limb
deformities using transphyseal rodding and reduced
external fixation allowed us to avoid disadvantages
of standalone application of telescoping constructs.
The system completely excluded risks of secondary
rotation instability providing the possibility of
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appropriate axial loading on the operated limb at
early postoperative period that is an important aspect
of the system according to the Ilizarov principles
[23, 33]. However, transphyseal elastic nailing has
disadvantages of a higher rate of reoperation compared
to that of telescopic Fassier-Duval rodding to achieve
desired outcomes being 87.5 % with elastic nailing
[23] and 50 % with telescopic rods [32]. That is why
the Russian titanium telescopic rod is comparable to
the best foreign designs and is a more prospective
implant than elastic nails.

First use experience with titanium telescopic
rod in combined practice of deformity correction in
children with severe OI showed high reproducibility
of the technique, the possibility of achieving required
outcomes and lack of problems associated with
migration of rod components. Telescoping occurred in
all the cases without construct blocking. The correction
achieved persisted throughout the observation period.
Dimension ratio between diameters of the rod and
intramedullary canal must be ensured with the construct
to prevent secondary angular deformities. Two more
advantages of the titanium rod are worth mentioning.
Neuroimaging studies with MRI are reported to be
substantial for several neurological implications that
children with OI can present [17, 18, 19, 20]. Titanium
alloy that is used to manufacture the construct is safe
for MRI examination with minimum artifacts. Another
significant benefit with the Russian telescopic rod is
the low cost, now it is 6.25 times less expensive than
Fassier-Duval rod.

CONCLUSION

Titanium telescopic rod applied in combined
technology of long bone deformity correction
in children with severe osteogenesis imperfecta
showed high reproducibility of the technique, the
possibility of desired correction and no problems
related to rod migration. Telescoping of the rod
occurred in all cases with no episodes of blocking.
The correction achieved persisted throughout the

whole period of observation. No complications
associated with specific application of titanium
telescopic rod were observed at placement and
throughout the observation period of 6-12 months
postsurgery. Further observation and evaluation
of outcomes are required for more accurate
assessment of the possibilities, advantages and
disadvantages of the system.

REFERENCES

1. Cho T.J., Choi I.H., Chung C.Y., Yoo W.]., Lee K.S., Lee D.Y. Interlocking telescopic rod for patients with osteogenesis imperfecta.
J. Bone Joint Surg. Am., 2007, vol. 89, no. 5, pp. 1028-1035. DOI: 10.2106/]BJS.F.00814.
2. Georgescu I., Vlad C., Gavriliu T.$., Dan S., Parvan A.A. Surgical treatment in Osteogenesis Imperfecta - 10 years experience.

J. Med. Life, 2013, vol. 6, no. 2, pp. 205-213.

3. Metaizeau ].P. Sliding centro-medullary nailing. Application to the treatment of severe forms of osteogenesis imperfecta.

Chir. Pediatr., 1987, vol. 28, no. 4-5, pp. 240-243.

Original Article

301



Genij O/ispedii, Tom 25, No 3, 2019

4. Violas P., Mary P. Imperfecta osteogenesis: interest of surgical treatment. Arch. Pediatr., 2008, vol. 15, no. 5, pp. 794-796.
DOI: 10.1016/S0929-693X(08)71914-6.

5. Bailey R.W., Dubow H.I. Evolution of the concept of an extensible nail accommodating to normal longitudinal bone growth:
clinical considerations and implications. Clin. Orthop. Relat. Res., 1981, no. 159, pp. 157-170.

6. Bilsel N., Beyzadeoglu T., Kafadar A. Application of Bailey-Dubow rods in the treatment of Osteogenesis Imperfecta. Eur. J. Orthop.
Surg. Traumatol., 2000, vol. 10, no. 3, pp. 183-187.

7. Esposito P., Plotkin H. Surgical treatment of osteogenesis imperfecta: current concepts. Curr. Opin. Pediatr., 2008, vol. 20, no. 1,
pp. 52-57. DOI: 10.1097/MOP.0b013e3282f35f03.

8. Ruck J., Dahan-Oliel N., Montpetit K., Rauch F., Fassier F. Fassier-Duval femoral rodding in children with osteogenesis imperfecta
receiving bisphosphonates: functional outcomes at one year. J. Child. Orthop., 2011, vol. 5, no. 3, pp. 217-224. DOI: 10.1007/
s11832-011-0341-7.

9. Boutaud B., Laville J.M. Elastic sliding central medullary nailing with osteogenesis imperfecta. Fourteen cases at eight years
follow-up. Rev. Chir. Orthop. Reparatrice Appar. Mot., 2004, vol. 90, no. 4, pp. 304-311.

10.Lascombes P. Flexible Intramedullary Nailing in Children. The Nancy University Manual. Berlin, Heidelberg, Springer-Verlag,
2010. DOI: 10.1007/978-3-642-03031-4.

11.Birke O., Davies N., Latimer M., Little D.G., Bellemore M. Experience with the Fassier-Duval telescopic rod: first 24 consecutive cases
with a minimum of 1-year follow-up. J. Pediatr. Orthop., 2011, vol. 31, no. 4, pp. 458-464. DOI: 10.1097/BP0O.0b013e31821bfb50.

12.Sterian A., Balanescu R., Barbilian A., Tevanov I., Carp M., Nahoi C., Barbu M., Ulici A. Early telescopic rod osteosynthesis for
Osteogenesis Imperfecta patients. J. Med. Life, 2015, vol. 8, no. 4, pp. 544-547.

13.Sterian A., Balanescu R., Barbilian A., Ulici A. Osteosynthesis in Osteogenesis Imperfecta, telescopic versus non-telescopic nailing.
J. Med. Life, 2015, vol. 8, no. 4, pp. 563-565.

14.Popkov D. Use of flexible intramedullary nailing in combination with an external fixator for a postoperative defect and pseudarthrosis
of femur in a girl with osteogenesis imperfecta type VIII: a case report. Strategies Trauma Limb Reconstr., 2018, vol. 13, no. 3,
pp. 191-197. DOI: 10.1007/s11751-018-0320-3.

15.Munns C.F., Rauch F., Zeitlin L., Fassier F., Glorieux F.H. Delayed osteotomy but not fracture healing in pediatric osteogenesis
imperfecta patients receiving pamidronate. J. Bone Miner. Res., 2004, vol. 19, no. 11, pp. 1779-1786. DOI: 10.1359/JBMR.040814.

16.Sinikumpu J.J., Ojaniemi M., Lehenkari P., Serlo W. Severe osteogenesis imperfecta Type-III and its challenging treatment in
newborn and preschool children. A systematic review. Injury, 2015, vol. 46, no. 8, pp. 1440-1446. DOI: 10.1016/j.injury.2015.04.021.

17.Charnas L.R., Marini J.C. Neurologic profile in osteogenesis imperfecta. Connect. Tissue Res., 1995, vol. 31, no. 4, pp. S23-S26.
18.Charnas L.R., Marini J.C. Communicating hydrocephalus, basilar invagination, and other neurologic features in osteogenesis
imperfecta. Neurology, 1993, vol. 43, no. 12, pp. 2603-2608.

19.Moscote-Salazar L.R., Koller O., Valenzuela S., Narvaez-Rojas A., Satyarthee G.D., Mo-Carrascal ]J., Maraby ]. Neurosurgical
Implications of Osteogenesis Imperfecta in a Child after Fall: Case Illustration. J. Pediatr. Neurosci., 2018, vol. 13, no. 4, pp. 459-
461. DOI: 10.4103/]JPN.JPN_9 18.

20.Sasaki-Adams D., Kulkarni A., Rutka ]., Dirks P., Taylor M., Drake ].M. Neurosurgical implications of osteogenesis imperfecta in
children. Report of 4 cases. J. Neurosurg. Pediatr., 2008, vol. 1, no. 3, pp. 229-236. DOI: 10.3171/PED/2008/1/3/229.

21.Mingazov E.R., Popkov A.V., Kononovich N.A., Aranovich A.M., Popkov D.A. Rezultaty primeneniia intramedulliarnogo
transfizarnogo elastichnogo armirovaniia u patsientov s tiazhelymi formami nesovershennogo osteogeneza [Results of using
transphyseal elastic intramedullary nailing in patients with severe types of osteogenesis imperfecta]. Genij Ortopedii, 2016, no. 4,
pp. 6-16. (in Russian)

22.Mingazov E.R.; Chibirov G.M., Popkov D.A. Ortopedicheskie oslozhneniia i iatrogenii pri korrektsii deformatsii nizhnikh
konechnostei u patsientov, stradaiushchikh tiazhelymi formami nesovershennogo osteogeneza [Orthopaedic complications and
iatrogenies during deformity correction of lower limbs in patients with severe osteogenesis imperfecta]. Genij Ortopedii, 2018,
vol. 24, no. 2, pp. 168-176. (in Russian)

23.Popkov D., Popkov A., Mingazov E. Use of sliding transphyseal flexible intramedullary nailing in pediatric osteogenesis imperfecta
patients. Acta Orthop. Belg., 2019, vol. 85, no. 1, pp. 1-11.

24.Sillence D.O., Senn A., Danks D.M. Genetic heterogeneity in osteogenesis imperfecta. J. Med. Genet., 1979, vol. 16, no. 2, pp. 101-
116. DOI: 10.1136/jmg.16.2.101.

25.Paley D., Herzenberg J.E., Tetsworth K., McKie J., Bhave A. Deformity planning for frontal and sagittal plane corrective osteotomies.
Orthop. Clin. North Am., 1994, vol. 25, no. 3, pp. 425-465.

26.Popkov D., Lascombes P., Berte N., Hetzel L., Baptista B.R., Popkov A., Journeau P. The normal radiological anteroposterior
alignment of the lower limb in children. Skeletal Radiol., 2015, vol. 44, no. 2, pp. 197-206. DOI: 10.1007/s00256-014-1953-z.

27.Zionts L.E., Ebramzadeh E., Stott N.S. Complications in the use of the Bailey-Dubow extensible nail. Clin. Orthop. Relat. Res.,
1998, no. 348, pp. 186-195.

28.Larson T., Brighton B., Esposito P. High reoperation rate and failed expansion in lower extremity expandable rods in osteogenesis
imperfecta. Proceedings of the Annual Meeting of the Pediatric Orthopaedic Society of North America (POSNA). Waikoloa, Hawaii,
2010.

29.Sutko J., Radto W. Limb lengthening in children with osteogenesis imperfecta. Chir. Narzadow Ruchu Ortop. Pol., 2005, vol. 70,
no. 4, pp. 243-247.

30.Zeitlin L., Fassier F., Glorieux F.H. Modern approach to children with osteogenesis imperfecta. J. Pediatr. Orthop. B, 2003, vol. 12,

302 Original Article



Genij Oriopedii, Tom 25, No 3, 2019

no. 2, pp. 77-87. DOI: 10.1097/01.bpb.0000049567.52224.fa.
31.Fassier F., Sardar Z., Aarabi M., Odent T., Haque T., Hamdy R. Results and complications of a surgical technique for correction of coxa
vara in children with osteopenic bones. J. Pediatr. Orthop., 2008, vol. 28, no. 8, pp. 799-805. DOI: 10.1097/BP0O.0b013e31818e19b7.
32.Marini ].C., Forlino A., Bachinger H.P., Bishop N.]., Byers P.H., Paepe A., Fassier F., Fratzl-Zelman N., Kozloff K.M., Krakow
D., Montpetit K., Semler O. Osteogenesis imperfecta. Nat. Rev. Dis. Primers, 2017, vol. 3, pp. 17052. DOI: 10.1038/nrdp.2017.52.
33.Gubin A.V., Borzunov D.Y., Malkova T.A. The Ilizarov paradigm: thirty years with the Ilizarov method, current concerns and future
research. Int. Orthop., 2013, vol. 37, no. 8, pp. 1533-1539. DOI: 10.1007/s00264-013-1935-0.

Received: 20.06.2019

Information about the authors:

1.Eduard R. Mingazov, M.D.,
Russian Ilizarov Scientific Centre for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation
2.Fedor F. Gofman, M.D.,
Russian Ilizarov Scientific Centre for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation
3.Arnold V. Popkov, M.D., Ph.D., Professor,
Russian Ilizarov Scientific Centre for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation,
Email: apopkov.46@mail.ru
4. Anna M. Aranovich, M.D., Ph.D., Professor,
Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation
5.Alexander V. Gubin, M.D., Ph.D.,
Russian Ilizarov Scientific Center for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation,
Email: shugul9@gubin.spb.ru
6.Dmitry A. Popkov, M.D., Ph.D., Professor of RAS, correspondent member French Academy of Medical Sciences,
Russian Ilizarov Scientific Centre for Restorative Traumatology and Orthopaedics, Kurgan, Russian Federation,
Email: dpopkov@mail.ru

Original Article 303



