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Abstract

Aim — the development of a preoperative planning method for long
tubular bone osteosynthesis using the contralateral healthy bone.
Material and methods. To justify the usage of the opposite limb’s
intact segment model in order to reconstruct the damaged one, their
matching in shape and size was analyzed. We built three-dimensional
models of the right and left segments of the upper limbs of 20 people
and compared them using the Hausdorff distance calculation algorithm.
For treatment of a 24-year-old patient with a closed humerus fracture,
an individual stereolithographic surgical template with fracture lines
was created with the help of computed tomography data of the healthy
humerus bone processed by AUTOPLAN EXPERT software. This
template was used for pre-bending the plate for osteosynthesis. The
plate positioning on the template defined the surgical approach, taking
into account the anatomical structures located in the projection of the
fracture line and the plate. The technique of "reverse bone reposition”
on the prepared plate was applied.

Results. With the help of the created 3D models we revealed the size
differences of the symmetrical segments of upper limbs. The greatest
difference in the limits was registered in the area of the epiphyses (heads
of the humeri) — up to 6.8 mm, and the smallest — throughout the entire
diaphysis, less than 1.5 mm. Due to preoperative planning there were
no intraoperative and postoperative complications, the installation of
the plate and osteosynthesis was convenient. The fracture consolidation
took place in 3 months.

Conclusion. The proposed method has a number of advantages. It
is possible to make a stereolithographic template even for a seriously
damaged bone with a copied fracture line. This allows the surgeon to
plan the details of osteosynthesis, to model the plate according to the
template, to determine the required length and shape of the surgical

approach, thus reducing the surgical risks and injury for the patient.

Keywords: preoperative planning, plate osteosynthesis, 3D-model,
Autoplan, template.

Conflict of interest: nothing to disclose.

Citation

Pankratov AS, Lartsev YuV, Alayo JG, Ardatov SV, Ogurtsov DA, Rubtsov AA.
A preoperative planning method for long tubular bone osteosynthesis.
Science & Innovations in Medicine. 2020;5(4):267-271.

doi: 10.35693/2500-1388-2020-5-4-267-271

Information about authors

Aleksandr S. Pankratov — PhD, Associate Professor of the Department

of Traumatology, orthopaedics and emergency surgery n.a. academician

of RAS Krasnov AF. ORCID: 0000-0002-6031-4824

Yurii V. Lartsev — PhD, Professor of the Department of Traumatology, orthopaedics
and emergency surgery n.a. academician of RAS Krasnov AF. ORCID: 0000-0003-
4450-2486

Javier Garcia Alayo — the Head of the Department of Traumatology

and orthopedics, Regional Hospital "Las Mercedes".

Sergei V. Ardatov — PhD, Associate Professor of the Department of Traumatology,
orthopaedics and emergency surgery n.a. academician

of RAS Krasnov AF. ORCID: 0000-0002-2644-5353

Denis A. Ogurtsov — PhD, Associate Professor of the Department

of Traumatology, orthopaedics and emergency surgery n.a. academician

of RAS Krasnov AF. ORCID: 0000-0003-3830-2998

Artemii A. Rubtsov — resident of the Department of Traumatology,

orthopaedics and emergency surgery n.a. academician of RAS Krasnov AF. ORCID:
0000-0002-9004-7018

Corresponding Author

Aleksandr S. Pankratov

Address: Samara State Medical University,

89 Chapaevskaya st., Samara, Russia, 443099.
E-mail: pas76@mail.ru

Received: 02.09.2020
Revision Received: 10.10.2020
Accepted: 11.10.2020

Cnoco6 npeponepauyMoOHHOro nAaHMpPoBaHUA HAKOCTHOIO

OCTEOCUHTEe3a AJIMHHbIX TPY64aTbIX KOCTEN

A.C. NMankparos?, H0.B. Jlapues', X.I'. Anano?, C.B. Apgartos!, [.A. Orypuos’, A.A. Py6uoB!

'®IBOY BO «Camapckunii rocyaapCTBEHHbI MeAULMHCKUI yHMBEPCUTEeT» MnHaapasa Poccumn (Camapa, Poccus)
2PernonanbHbI rocnutans «Jlac Mepcegec» (Hunknaiio, MNepy)

AHHOTauusA

Llenb — pa3paborath criocob npeaonepanruoHHOro MIaHuPOBAHMS
HaKOCTHOTO OCT€OCHHTEe3a JJIMHHBIX TPYOUaThIX KOCTEil HAa OCHOBE
KOHTpaJIaTepajbHOM 310POBOI KOCTH.

MaTepuan n metopbl. [l 060CHOBaHUST UCTIONB30BAHUS MOJIC-
JIX IPOTUBOIOJIOXHOIO HEMOBPEXAEHHOTO CerMEHTa KOHEYHOCTH B
LeJISIX PEKOHCTPYKLMU MOBPEXISHHOTO ObUTH MPOAHATU3UPOBAHbI
MX COOTBETCTBHUS MO hopme 1 pazmepaM. Mcronb3oBanoch co3naHue
TPEXMEPHBIX MOJIeJIeil MPaBbIX U JIEBBIX CETMEHTOB BEPXHUX KOHEY-
HocTell y 20 uccienyeMbIx ¢ OCAeIyIOUUM CpaBHEHUEM T10 aJIro-
puTMy nuctaHumu Xaycaopda. Janee naureHty 24 JieT ¢ 3aKpbIThIM
TepesiOMOM IJIeYeBOi KOCTH HAa OCHOBE JaHHBIX KOMITBIOTEPHOI TO-

Morpacduu redeBbix kocreid B mporpamme AUTOPLAN EXPERT
OBUT CO3IaH MHOUBUAYATbHBINA CTepeOTUTOrpadnIecKuii I1abIoH
C HaHECEeHHBIMU Ha Hero JMHUSIMU Tiepesioma. [1o ma6iony npen-
onepalMoHHO OTMOJeMpoBaHa miactuHa. C yueToM pacrioioxe-
HUSI TUTACTUHBI Ha IA0JI0HE U PACIIOOXKEHHBIX B TIPOSKIIUY TMHUU
repesioMa M IJIaCTUHBI aHATOMMYECKUX 00pa3oBaHUil ObLT 3aria-
HHMPOBAaH ONePaTUBHBIN ToCTyI. Mcnob3oBaHa TeXHUKA 0OpaTHOI
PETO3UIIMY KOCTH Ha TIOATOTOBJICHHOM TJIaCTUHE.

Pesynbrathbl. BoisiBieHO HecOBIaieHNE TPAHUIT TPEXMEPHBIX MOJIC-
Jie CHMMETPUYHBIX CETMEHTOB BEPXHUX KOHETHOCTE: HAarOOJIbIIIee
(o 6,8 MM) — B 30He 3MM(dU30B (FOJIOBOK IJIEUeBbIX KOCTE), HAW-
MeHbliee (He 6osee 1,5 MM) — Ha TPOTSIKEHUU BCEro nuaduzapHoro
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otnena. [locsie MpoBeaEHHOTO MPEAONEPALMOHHOTO IAHUPOBAHUS
MHTPAOMEePaLMOHHO U MOCIEONePALllMOHHO OCJIOKHEHUS OTCYTCTBY-
10T, CJIOKHOCTEH C yCTAHOBKOW TIACTMHBI U OCTEOCUHTE30M He ObLIO.
KoHconunanus nepeaoma yepes 3 mecsiua.

BbiBogabl. [IperiokeHHBbIii CIOCO0 AaeT BO3MOXHOCTb U3rOTaBIIU-
BaTh cTEpeOIMTOrpadUuecKuil IabJoOH Jaxke Cephbe3HO MOBPEXKICH -
HOW KOCTH ¢ HAHECEHHOM Ha HETo JIMHKE repesioMa. DTo MOo3BOJISIET
OMPeNeTUTHCS C BO3MOXHBIMU OCOOEHHOCTSIMU OCTEOCHUHTE3a, HETOo-
CPEACTBEHHO OTMOIEIMPOBATH [UIACTUHY MO LIa0IOHY, IJITAHUPOBATh
IUTAHY U (HOPMY ONITUMATIbHOTO ONIePaTUBHOTO IOCTYIIA, YTO CHUXKAET
PHUCKU ¥ TPaBMaTUYHOCTh OTEPALIUH.

KntoyeBble cnosa: rpenonepalioHHOe TNIaHMPOBaHKe, HAKOCTHBI
ocTeocuHres, 3D-Moznenb, ABTOIIaH, 11a0JI0H.
KoHthnUKT nHTEpecos: He 3asiBiieH.
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m INTRODUCTION

late osteosynthesis is a type of external osteosynthesis

that provides stable fixation without external
immobilization and enables the implementation of
early rehabilitation measures. The main stages in this
technique include the repositioning of the fragments
with their subsequent fixation with a metal fixator.
Extra-cortical plates had been developed long ago;
therefore, the surgeon’s range of implant selection is
wide enough [1].

Regarding the repositioning, the most important aim
is to ensure the restoration of the length, rotation, and
axis of the bone. To ensure a good reposition, correct
selection, and modeling of the plate, preoperative
planning of the surgery is required. This is not always
implementable with conventional radiographs,
especially for complex fractures. An attempt to select
and model the plate intraoperatively after the reposition
of fragments increases the surgery time [2].

In recent years, international literature has published
studies on three-dimensional preoperative planning
and intraoperative navigation systems in the treatment
of fractures [3].

The most common technology is an attempt
to perform a computerized reposition of three-
dimensional models of fragments using the key points
of the fracture line, followed by 3D printing of the
repaired bone, which is then used to plan, assess, and
select a plate [4]. However, many researchers report a
number of disadvantages of this method [5]. Firstly,
the method of selecting keypoints of reposition is
not clear enough; points determined by eye are often
used, until the surgeon is satisfied with the reposition
obtained on the screen. This, in turn, increases the
number of errors and inaccuracies in the reposition
result. Secondly, manual reposition can take a long
time and requires the direct involvement of the
surgeon.

Lukun San et al. [6] conducted a retrospective study
of the additive technology of minimally invasive bridge

osteosynthesis in femoral fractures. The automatic
simulation of the reposition of fragments in the femoral
3D model was applied using the Mimics Research
18.0 software. After selecting the plate model from
the database and its positioning on the bone model
in accordance with the selected screw position,
“supporting columns” are created on a common
platform on a 3D printer, which function as bushings
for the placement of screws on the plate during surgery.
According to the authors, the main disadvantage of
this method is the inability of the program to perform
three-dimensional reconstruction of complex multi-
fragment fractures.

Another preoperative planning option is the printing
of the external plates based on computed tomograms.
Thus, Matev Tomadzhevich [7] conducted a study,
when polyamide plates were created according to the
shape of the bones of an artificial polymer pelvis. The
anatomy of these plates was compared with several
reconstructive plates curved in the shape of the pelvis.
The disadvantage of this technology is the high cost
and duration of printing (up to 5 days) of titanium alloy
plates for use in surgical practice.

m AIM

The study aimed to develop a method for the
preoperative planning of plate osteosynthesis of long
tubular bones based on the contralateral healthy bone.

m MATERIAL AND METHODS

To substantiate the use of the model on the contralateral
intact limb segment in order to reconstruct the damaged
one, we analyzed their anatomical discrepancies in
shape and size (since no such data have been found
in the modern international and Russian literature).
The analysis was performed based on the AUTOPLAN
EXPERT software (an image processing system of
the DICOM standard with advanced reconstruction
capabilities, the construction of personalized 3D
models for planning surgical interventions and
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Figure 1. Mated humeri left and right (in mirror copy). Color
mapping indicates the distance between the identical locations on
the bones. Red color marks a difference of no more than 0.1 mm,
yellow — no more than 1.5 mm, green — from 1.5 to 5 mm, blue —
more than 5 mm.

PucyHok 1. CoBmeLyeHHbIe B3anMHO /1€Basi U 3epKaslbHas Konusi
rpaBovi nne4yeBbie KOCTH.

L{BeTHOE KapTUpoBaHNe 0603Ha4aeT PACCTOSTHNE MEXAY
OAMHaKOBbIMU JIOKaLUMAMM Ha KOCTAX. KpacHbiVi UBET Mapkupyet
pasHuLy He 6onee 0,1 MM, XenTbivi UBET — He 6onee 1,5 MM,
3eneHbivi — ot 1,5 4o 5 MM, cuHui — 6onee 5 MM.

additional diagnostic imaging, with automated
segmentation of bone structures, lungs, liver, and
vessels).

Twenty healthy individuals were enrolled and
computed tomography of the upper extremities was
performed on them, and based on it, volumetric models
of the humerus were formed. The specularly reflected
copy of the right bone was projected onto the left one,
after which the Hausdorff distance algorithm was used
[8]. The algorithm calculates the distance between the
same points of the bones projected onto each other.
For better understanding, the result was visualized as
a color-mapped model (Figure 1).

As a result, it was revealed that the discrepancy
between the bones in the diaphyseal segment in all
the cases studied did not exceed the thickness of the
cortical layer. This discrepancy enables to consider the
use of intact models, similarly named limb segments
for the reconstruction of injured ones as justified.

The study was further performed using the method
of preoperative planning of plate osteosynthesis of long
tubular bones [9].

Computed tomography of a similar intact bone
of the contralateral limb was performed. Using the
AUTOPLAN EXPERT software, data were processed,
and three-dimensional models of intact bone and
damaged bone fragments were created. A specular
model of intact bone was created using Meshlab
software. It was consistently combined with the models
of the damaged bone fragments, comparing them with
each other, and drawing the contour of the fracture line

www.innoscience.ru

Figure 2. X-ray of the left humerus. Closed fracture of the

left humerus at the border of the middle and lower thirds with
displacement of fragments.

PucyHok 2. PeHTreHorpamvma 11eBov Mnie4eBovi KOCTU. 3aKpbITbii
riepesiomM siIeBOMU /1€4€BOVi KOCTU Ha rpaHnLie CPEAHEN N HUXKXHEN
TPeTes Co CMELEHNEM OT/IOMKOB.

on the specular model of the intact bone. Based on the
resulting model, a full-size stereolithographic template
corresponding to the damaged bone was made on a
3D printer, with fracture lines in the form of grooves
applied to it.

Before the surgery, the plate was modeled according
to the stereolithographic template and the surgical
approach was planned taking into account the location
of the fracture line.

Due to preliminary personalized modeling on a
template, during open osteosynthesis, it is proposed
to use a plate as a kind of matrix to perform reverse
reduction of bone fragments, which are actually
assembled on it, thereby ensuring the complete
anatomical restoration of the bone integrity.

The proposed method for the preoperative planning
of osteosynthesis of long tubular bones is illustrated by
a clinical example.

m CLINICAL CASE

Patient O., 24 years old, visited the trauma
department with complaints of pain in the middle
third of the left humerus after a fall in the street. On
examination, the patient was diagnosed with a closed
fracture of the left humerus at the border of the middle
and lower thirds with displacement of fragments. The
radiograph of the patient’s humerus is presented
in Figure 2. Preoperative planning was performed
according to the above technique.

m RESULTS

The discrepancy between the boundaries of the
three-dimensional models of symmetrical segments of
the upper extremities was revealed; the largest one (up
to 6.8 mm) was in the area of the epiphyses (humeral
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Figure 3. Individual stereolithographic template of the patient's left
humerus. The arrow indicates the fracture line of the left humerus
copied to the template.

PucyHok 3. VIHanBuayanbHbIvi CTepeosinTorpagpuyeckmnii LLabioH
JIeBOVI M71€4EBOV KOCTY nauueHTa. CTPpesKo yka3aHa HaHeCeHHasi
Ha L1abJsioH JIMHWUS nepesioma JIEBOM /1€4eBOVi KOCTH.

heads) and the smallest one (not more than 1.5 mm)
was noted throughout the diaphyseal region.

Based on the method proposed, the processing of
computed tomography data of the damaged and intact
humerus was done, and an individual stereolithographic
template was created (Figure 3) with a fracture line
drawn in the form of a groove on it.

Taking into account the plate location on the
template, a surgical approach of a certain shape and
length was planned taking into account the anatomical
structures located in the projection of the fracture

Figure 4. A bone plate modeled on the individual
stereolithographic template.

PucyHok 4. HakocTHasi nnactuHa, oTMoZesImpoBaHHas

1o UHANBUAYATTbHOMY CTEPEOTTNTOrPahNHECKOMY LLAGIIOHY .

line and the plate. Intraoperatively, there were no
complications, injuries of the anatomical structures,
or difficulties with plate installation and osteosynthesis
of bone fragments. The bone integrity was restored,
which was confirmed by the control X-ray of the
humerus in the postoperative period (Figure 4). The
follow-up examination of the patient was performed.
Consolidation of the fracture was noted 3 months after
the surgery.

Using this template, taking into account the course
of the fracture line, the optimal position of the plate

Figure 5. a) Intraoperative view after osteosynthesis of the left humerus with a preoperatively modeled plate.

b) Postoperative radiography of the left humerus.

PucyHok 5. a) VIHTpaonepayoHHbIVi BUf 110C/Ie OCTEOCUHTE3a JIEBOVI MI€4EeBOM KOCTU NMpeaonepaymoHHO MOAEIMPOBAHHOW MIACTUHOM.

6) NocneonepaymoHHasi peHTreHorpaghvsi IEBOVI M/1€4E€BOV KOCTY.
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was chosen. The latter was modeled using the template
(Figure 5).

m DISCUSSION

The method proposed has several advantages, as it
provides the possibility of making a stereolithographic
template even for a seriously damaged bone, with
a fracture line applied to it. This helps to visually
determine the nature of the fracture, possible
characteristics of osteosynthesis, model directly the
plate according to the template, while considering the
aspects of its location, as well as the location of the
screws. With the knowledge of the plate location on
the template, it is possible to plan the length and shape
of the optimal surgical access, which reduces the risks
and trauma of the surgery.

In addition, the reverse reposition of fragments on
the plate subjectively and greatly facilitates the process
for the surgeon. In addition, the time of surgical
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