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Heab. OnNTUMU3MPOBaTh MPOLECC MPEeaONepallMOHHOTO TUIAHUPOBAHUS YPECKOCTHOTO OCTEOCHHTE3a IpHU
repesioMax KOCTei rojieHd MyTeM pa3paboTKu U npuMmeHeHus 3-D ariaca mo3uimii YpeCKOCTHBIX 3JIEMEHTOB.

Marepuan u MeToapl. Ha ocHOBe morepeuHbIX KOMIBIOTEPHBIX TOMOTPaUIeCKUX CKAHOB MHTAKTHOW HUX-
Hell KOHEYHOCTH B3pOCJIOro 4YeaoBeka, ¢ MOMOIIIbIo MporpaMMHoro nakera 3-D Doctor B aBTOMaTUUECKOM PexXu-
Me, CO3IaHbl TPEXMEPHbIC UMUTALIMOHHBIC MOJEIN KOCTEH TOJeHU M OKPYXKAIOIIUX UX MSITKOTKAHHBIX CTPYKTYP.
JlaHHBIe MOIEIN 3KCIIOPTUPOBAHBI B IporpaMMHEIN KoMmiuieKe Autodesk Inventor 11. B pexxume Part Modeling
MPOBEICHO pPa3IeIeHUE MOICIU MSITKOTKAHHBIX CTPYKTYP FOJIcHM Ha 96 4acTeil — CEerMEHTOB, COOTBETCTBYIOLIMX
MO3ULIUSAM ISl TIPOBEIEHUSI YPECKOCTHBIX 3JIEMEHTOB COTJIACHO METONY YHU(PULIMPOBAHHOTO 0003HAYEHMS upe-
CKOCTHOTO OCTEOCHHTE3a, U UX COXpaHeHUe B OTAEIbHBIX (haitiax. B pexxume «Assembly» nmporpaMMbl MpoBeeHa
cOopKa CerMeHTOB TOJICHHU.

Pesyabratel. [Ipemioxen anroput™ neictBuii muisi co3nanusi 3-D amnaca nmo3uuuii 1 mpoBeAeHUsT upec-
KOCTHBIX 3JIEMEHTOB, COINIACHO KoTopoMmy B mporpamme Autodesk Inventor 11 cozgaHbl TpexMepHble UMUTAILIMOH-
Hbl€ MOJIEJIM CHUCTEM «TOJICHb — arrapaT BHellIHeil (hMKcaluu» U MPOBEJEH aHAJIU3 UX BO3MOXHOCTEH IO Mpeao-
repaluyvoHHOMY TJIAHUPOBAHUIO YPECKOCTHOTO OCTEOCUHTE3A.

B pesysnbraTe mMpoBeAeHHOTO MCCIeNOBaHMSI YCTAHOBJIEHO, YTO ucmoyib3oBaHue 3-D atnaca mo3uumit obe-
CIIEYMBAET BO3MOXHOCTb BEIOOpa ONTUMAIbHON KOHCTPYKLIMHU U HauboJjlee palloOHAIbHOM, B KaXKI0M KOHKPETHOMI
KJIMHUYECKOHN CUTYallMM, KOMITOHOBKH arnapara BHellHel (puKcaluu; onpeneaeHrs KOJIM4ecTBa U ONTUMaIbHBIX
YPOBHE pacrnosiokeHUs1 ornop; BbIOOpa TUIA U Haubosiee 1eJeco00pa3HbIX MECT MPOBENCHUSI YPECKOCTHBIX 3JIe-
MEHTOB.

3akmovyenne. [TpumeHeHne 3-D atyaca Mo3uLMii YpeCKOCTHBIX JMEMEHTOB MO3BOJISIET BIUIOTHYIO TIPUOIIN-
3UTBCSI K PELICHUIO BOIMpOca MpPeaonepallMOHHOrO MIaHUPOBAHUS C MO3UIMIA KOMITJIEKCHOTO MOAX0Ja: aleKBaT-
HOTO CYILIECTBYIOIICH KJIMHUYECKON CUTyalluyd BbIOOpa TWIIA armapara BHEIIHeil (MKcaluu, ero KOMIIOHOBKH,
onpenesieHus] KOJIMYECTBA YPECKOCTHBIX 3JIEMEHTOB, HAIlpaBJIeHU M TUIOCKOCTEN WX MPOBENEHMS, YTO MO3BOJUT
3HAYUTEJbHO YMEHbBIIUTh KOJMYECTBO TEXHUUYECKUX OLIMOOK, 0OECIIEUUT CHUXKEHUE PUCKOB BOZHUKHOBEHMS OC-
JIOXXHEHUI W OyleT crnocoOCTBOBaTh AOCTMKEHUIO TMOJIOXUTEIbHBIX aHATOMO-(DYHKIIMOHAIBHBIX PE3yJIbTaTOB B
MO/IABJISIONIEM OOJIBIIMHCTBE KIMHUYECKUX CIIy4YacB.

Karouesvie crosa: mpexmepnas modens, annapam eHewiHell QUKCAUUU, YpecKOCMHbII 0CMeOCUHme3, Ypeckocm-
Hble 21eMeHmbl, NPedonepayUoHHoe NAGHUPOBAHUe

Objective. To improve the pre-surgery planning of transosseous osteosynthesis in the shin bone fractures by
developing and applying the 3-D atlas of transosseous elements positions.

Methods. On the basis of transverse computer tomographic scans of the intact lower limb of an adult using
the 3-D Doctor software package, three-dimensional simulation models of the shin bones and surrounding soft
tissue structures were created in the automatic mode. These models were exported as separate files into the Autodesk
Inventor 11 software package. In Part Modeling mode, the division of the model of the soft tissue structures of the
shin into 96 parts was carried out - the segments corresponding to the positions for passing the transosseous elements
according to the method of the unified marking of transosseous osteosynthesis and their preservation in separate files.
In Assembly mode, the assemblage of the shin segments has been performed.

Results. The algorithm for the creation of 3-D atlas of transosseous elements positions was proposed,
according to which the three-dimensional simulation models of the «shin - external fixation device» system were
created in the Autodesk Inventor 11 program and the analysis of their possibilities regarding pre-surgery planning of
transosseous osteosynthesis was conducted.

As a result of the research, it was found out that the use of the 3-D atlas of positions provides an opportunity
for selecting the optimal design and the most efficient layout of the external fixation device in each particular clinical
situation; determination of the number and optimal layout levels of the supports; the choice of the type and the most
appropriate places for passing of the transosseous elements.

Conclusions. The application of 3-D Atlas of transosseous elements positions permits to approach the

428



© Novosti Khirurgii Vol. 27 * No 4 * 2019

solution of the problem of pre-surgery planning from the standpoint of an integrated approach to choosing the type
of external fixation device that is adequate to the existing clinical situation, its layout, determining the number of
transosseous elements, directions and planes for passing them, which will allow reducing significantly the number
of technical errors, reducing the risk of complications and promoting the achievement of positive anatomical and
functional results in the vast majority of clinical cases.

Keywords: three-dimensional model, external fixation device, transosseous osteosynthesis, transosseous elements,
pre-surgery planning
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Hayunas HOBHM3HA CTAaTbU

BriepBoie pa3paboTan 3-D ariac mo3uiMii YpecKOCTHBIX 2JEMEHTOB JJIsl OCTEOCHHTE3a KOCTeil TOJIeHU U TPOBe-
JIeH aHaJIU3 ero BO3MOXHOCTEN OTHOCUTENILHO MPeaoNnepalMOHHOrO TUIAaHUPOBAHUSI YPECKOCTHOTO OCTEOCHUHTE3A.
YcraHoBieHO, UTO MpUMeHeHUe MpepioxeHHoro 3-D amiaca obecreunBaeT BOZMOXHOCTb BbIOOpa aleKBATHOTO
CYIIECTBYIOIICH KIMHUYECKOW CUTYalluM TUITAa KOHCTPYKIIMM ¥ KOMITOHOBKU armapara BHellIHei puKcaluu, ycra-
HOBJIEHMSI ONITUMAJIbHBIX YPOBHEN PacIoIoKeHUsT OTop, onpeaeaeHus] TUTa U HanboJiee pallOHAIbHBIX TTO3ULINIA
JUISI YPECKOCTHBIX 3JIEMEHTOB, YTO MO3BOJISIET 3HAUUTEIbHO MOBLICUTH 3G (HEKTUBHOCTD MJIAHUPOBAHUS YPECKOCT-
HOTO OCTEOCHHTE3a.

What this paper adds

For the first time, 3-D Atlas of transosseous elements positions for osteosynthesis of the shin bones has been
developed and the analysis of its capabilities regarding pre-surgery planning of transosseous osteosynthesis has been
made. It has been established that the application of the proposed 3-D atlas allows the choice of an appropriate type
of design of the external fixation device, the establishment of optimal levels for supports, the determination of the
most rational positions for transosseous elements, which allows improving significantly the efficiency of the planning

of transosseous osteosynthesis.

Introduction

To achieve positive anatomical and functional
results of treating patients with fractures and
deformities of limb bones using transosseous
osteosynthesis (TOO), careful preoperative
planning plays an important role [1, 2, 3], one
of the tasks of which is to determine the most
significant transosseous elements (TOE) for a
particular clinical situation and positions for their
implementation [4].This requires, in addition
to perfect knowledge of the limb topographic
anatomy, taking into account the type of fracture,
the location of bone fragments and the state of
the soft tissue structures of the segment. All this
creates certain difficulties for carrying out rapid
preoperative planning of TOO. To simplify this
task, the atlases of positions for conducting TOE
are used [4, 5, 6], including two-dimensional
sketches of horizontal “sections” of limb segments.
However, they do not provide a full visual
perception of the spatial location of the bone and
soft tissue anatomical structures of the limb, which
is an obstacle to the selection of optimal positions
for conducting TOE.

One of the modern practices of preoperative
planning is the method of computer three-
dimensional modeling [7, 8, 9]. The use of special
software allows performing simulation computer
design of various layouts of external fixation devices
(DEF) and models of the bone-fixer system [10,
11]. However, currently known three-dimensional

models of biomechanical systems for TOOdo
not provide visualization of the topographic and
anatomical features of the segments, which is
extremely necessary to determine the most rational
locations of TOE and layout of DEF.

Therefore, the development of a 3-D atlas
of positions for transosseous elements remains
an unresolved and relevant issue of modern
traumatology and orthopedics.

Objective. To improve the pre-surgery planning
of transosseous osteosynthesis in the shin bone
fractures by developing and applying the 3-D atlas
of transosseous elements positions.

Methods

To work out a 3-D atlas of positions of
transosseous elements, transverse spiral computed
tomographic scans of an intact adult lower limb were
used, of which three-dimensional imitation models
of the lower leg bones and soft tissue structures
surrounding them were automatically created using
the 3-D Doctor software package. These models as
separate files are exported to the Autodesk Inventor
11 software package.

In Part Modeling mode, the model of soft-
tissue shin structures was divided into 96 parts —
segments corresponding to positions for performing
TOO according to the unified designation of
transosseous osteosynthesis [4, 6], and their storage
in separate files. The shin segments were assembled
in Assembly mode. Its essence was to load previously
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created segments into the model file and place them
in “their” places by establishing dependencies using
the “Place Constraint” command. The mechanism
of dependency determination provided for the
possibility of fixing the part in the assembly in the
required position.

Parts of devices were developed in the Autodesk
Inventor 11 software package in Part Modeling
mode using various modeling methods [12]. In
particular, the template method was applied, the
principle of construction of which is to model
new parts by making the necessary changes to the
parameters of previously created parts that serve as
templates.

In the Assembly mode of the program, a three-
dimensional simulation model of the “shin - DEF”
system was created and the analysis of its capabilities
for preoperative planning of TOO was performed.

Results

For the construction of the 3-D Atlas of
transosseus elements positions for osteosynthesis of
shin bones, an action algorithm has been developed
that includes the following steps:

— creation of models of bones and soft tissues
(ST) of the shin and saving them in separate Part
Modeling files; installation of compatible points or
axes (not less than two) for models of bones and
soft tissue structures;

— installation of compatible points or axes (not
less than two) for models of bones and soft tissue
structures;

— creating an assembly file «Assembly» and
inserting into it shin bones and ST with matching
of pre-installed, adjacent points or axes;

— determination of the part of the shins ST
that corresponds to the levels of the location of the
meta parts and diaphyseal parts of the tibia (Figure
1A) and its preservation in a separate file;

— the division of this part of the shin with
7 equidistant horizontal sections into 8 segments
(Fig. 1 b);

— division of each of the segments into 12
sectors with a center located on the longitudinal
axis of the tibia (Fig. 2);

— creation of separate files for each sector;

— insertion of the sectors into their location in
the assembly file (Fig. 3);

— designation of sectors corresponding to
the recommended positions - green, accessibility
positions - yellow, and prohibited - red (fig. 3);

— creation of opposite shin model in the
assembly file by creating a mirror copy using the
Mirror command (Figure 4).

On the basis of the created 3-D atlas of
transosseus elements positions a simulation of TOO
in case of fractures of the shin bones was performed
using the Ilizarov device and the developed device
of Hutsuliak for correction of deformations of bones
and joints (patent for invention No. 87072, Ukraine,
IPC ABB 17/56).For this purpose, in the assembly
file, the tibia model is replaced by models of its
proximal and distal fragments, with six cross-cutting
holes at each of the eight levels passing through the
center of the medullar channel. In each of the holes
“working” axis are installed (Fig. 5).

Transosseus elements, located in the defined
holes of the tibia, were passed by establishing
dependencies with the “working” axes using the
“Place Constraint” command.

The next step was to insert details and layout
of the DEF frames, in particular, three-dimensional
simulation models of the “shin- device of Ilizarov”
(Fig. 6A) and “shin -device of Hutsuliakfor
correction of bone and joint deformation” were
created (Fig. 6B).

As a result of the research, it has been found
that the use of the 3-D Atlas of transosseus elements
positions provides an opportunity for:

Fig. 1. General view of the three-dimensional model of the shin at stages of construction of the 3-D atlas: A — model
of the shin without a part of the soft tissue structures at the level of placement of meta- and diaphyseal parts of the

tibia; B — division of shins ST into 8 segments.
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A

Fig. 2. The general view of the three-dimensional model of the soft tissue structures of the shin at the stage of
division of the segments into 12 sectors: A — creating a sketch on the «working» plane for the division of the shin

segments into 12 sectors; B

Fig. 3. General view of the three-dimensional model
of the shin at the final stages of simulation: A — at
the stage of inserting sectors into their location in the
assembly file; B — general view of the 3-D model of
transosseus elements positions for the right shin, the
view from the lateral side.

A

— division of the segment of the shin into sectors.

B

Fig. 4. General view of model 3-D atlas of transosseus
elements positions of both shins: A — the front view;
B — rear view.

B

Fig. 5. General view of three-dimensional model of proximal fragment of tibia: A — with six «working» axes installed
in holes in the first level; B — with installed «working» axes on four levels.

— choice of optimal design of DEF;

— determination of the most rational, in each
concrete clinical situation, layout of the DEF;

— determination of the number and optimal
layout levels of the supports;

— choice of type and the most rational sites
and planes for passing the TOE.

Discussion

In connection with the rapid development of
3-D visualization computer technologies over the
past decades, the scientific search of many authors
is aimed at using three-dimensional modeling for
surgical interventions [7, 8, 9, 10]
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Fig. 6. General view of three-dimensional models of biomechanical systems: A — «shin - device of Ilizarov», an
axonometric projection; B — «shin — device for correction of deformations of bones and joints», an axonometric

projection.

The obtained results confirm the feasibility of
using three-dimensional computer modeling for
preoperative planning of TOO, which corresponds to
modern trends in the development of traumatology
and orthopedics [13].

An algorithm of actions is proposed for creating
a 3-D atlas of positions of transosseous elements,
on the basis of which it is possible to create three-
dimensional models of various biomechanical
systems “shin - DEF”. A distinctive feature of these
models is the actual visualization of the topographic
and anatomical features of the segments, which
undoubtedly simplifies, in comparison with the
known analogues [8, 14], the process of choosing the
most rational locations of TOE and layout of DEF.

Based on the foregoing, the developed 3-D atlas
can be recommended for use in clinical practice,
in particular for preoperative planning of TOO of
the leg bones.

Conclusions

The application of the 3-D Atlas of transosseus
elements positions allows approaching the solution
of the problem of pre-surgery planning from the
standpoint of an integrated approach to choosing
the type of DEF that is adequate to the existing
clinical situation, its layout, determining the number
of transosseus elements, directions and planes for
passing them, which will allow significantly to
reduce the number of technical errors, to reduce
the risk of complications and to promote the
achievement of positive anatomical and functional
results in the vast majority of clinical cases.
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