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An adequate planning of the curative measures is an important
factor providing good functional results in the treatment of conse-
quences of long bones injuries, in particular, malunions (post trau-
matic deformities). 3D-modeling in the preoperative planing gives
an opportunity to assess both deformity itself and joint status. Visua-
lization of injured segment with three-dimensional model manufac-
tured using 3D-print in actual size (1:1 scale) provides additional
capacities. Objective. To analyze the capacity provided by the us-
age of three-dimensional models of damaged segments in scale 1:1
while the planning of corrective surgery. Methods. Practicability
of the usage of 3D-models, that was worked out on the base of CT-
scanning, was studied in the treatment of 52 patients with different
post traumatic extraarticular deformities of femur and tibia, after
the fractures with intraarticular extension. Clinical results were
evaluated using SF-36 and AOFAS scales. Results. Calculation for
3D-modeling was performed mostly virtually using standard com-
puter programs with 3D-reconstruction, but 3D-print technology
was used for 5 patients with the most severe and sophisticated de-
formities of the lower extremities. Changes in functional outcomes,
according to SF-36 and AOFAS, for the patients undergone op-
era- tive treatment, were positive at 12 month of follow-up. Fore-
ign colleagues expose analogous results of the investigations and
suggest that the modeling with 3D-print provides mostly more safe,
reliable and standardized clinical decisions for every particular
patient. Conclusions. Preoperative usage of 3D-print on the stage
of preoperative planing allows the surgeons to simulate different
stages of operative intervention on the physical model, thus, help
him to realize possible technical problems, choose adequate fixa-
tion device and proper instrumentation. It facilitates the shorten-
ing of surgery time, elimination of possible complications rate and
achievement, in sum, good functional results in the treatment of this
kind of patients. Key words. Extraarticular deformity, malunion,
lower extremity, 3D-print.

11i0 uac nixyeanms HacaioKi8 YUKOONCEHb 0082UX KICMOK, 30Kpe-
Ma, deghopmayil, yKpail 6aiciugor0 3anopyko OMmpuUMAanHs Xo-
Powux PYHKYIOHATLHUX PEe3VIbMAmie € a0eKeamme naaHy8anHs.
NIKY8anbHUX 3ax00i6. Buxopucmanns 3D-ywodeniosanns é npoyeci
nepeoonepayiiiHo2o niaHy8anHs 0ae 3Mo2y NogHiuLe OYiHUMU K
Odeghopmayiro, max i cman cyenob6is. JJooamxosi moxcausocmi 0ns
NIaHy8anHA HAOAE GI3YaANi3ayia YWKOOIHCEHO20 ce2Menma 3a 00-
NnOMO2010 00’ €EMHOT MOOENT 8 PeanbHOMY PO3MIPI, 8U2OMOBIEHOT
memooom 3D-0pyky 6 macwma6i 1:1. Mema. [Ipoananizyeamu
MOACIUBOCTE BUKOPUCTNAHHS 00 EMHUX MoOdenell 0edhopmMO8aHo-
20 ceemenma 6 macwmaoi 1:1 nio wac nianyeanHs Kopuzyeanb-
Hux onepayiti. Memoou. Bugueno 00oyinbHicms 6UKOPUCIANHSA
3D-moo0eneii, pospobnenux 3a pezyromamamu KT-o6cmedicenns,
V AIKYBauHi 52 X6OpuUX i3 pISHUMU NICAAMPAGMAMUYHUMU NO3A-
cyenobosumu Oeghopmayismu cmeena i oMiIKu, de nio uac
nepeunHoi mpaemu 1inis nepenomy 6yna nowiupena Ha OiNAHKY
cyenoba. Kniniuni pesyiemamu oyinioganu 3a Kiacugikayismu
SF-36 i AOFAS. Peszynomamu. Pospaxynox 3D-mooeneii npo-
B00UNU NEPEBAIICHO GIPMYANLHO 3d OONOMO20I0 CIAHOAPMHUX
Komn'tomepHux npozpam iz 3D-pekoncmpyxyicio, a mexnonoziio
3D-0pyKy ukopucmato 015 5 nayicHmia i3 HauCKAAOHIUUMU BU-
naokamu NiCIAMpasMamuyHux 0epopmayii HUMNCHIX KIHYIGOK.
Junamixa pynxyionansnux pe3yaomamis npooneposaHux X60pux
3a SF-36 i AOFAS 3a 12 mic. 6yna nozumusHoio. Ananoeiuni pe-
BYIbMAmu 00CIIONCEHb OeMOHCMPYIOMb 3apYOidCcHI Koae2u ma
66adCAIOMB, WO MOOENIOB8AHHs 34 00noMo20i0 3D-0pyky 30e-
6LIbUI020 MOdHCe Cnpusmu po3pobientio 6e3neunux, HAOIUHUX
i cmanoapmu3068anux KiiHiYHUX piulens 01 KOHKPEemHo20 na-
yienma. Bucnoexu. Ilepedonepayiiine uxopucmanns 3D-0pyky
Ha emanax NAAHy8anHs Xipyp2iuno2o 6mpy4anHs 00360J€ Xipyp-
2y mModenroeamu 1020 emanu Ha Qi3uyHil modeni, yceioomumu
MOJICIUGI mexHiuHi npodremu, adekeamuo GUOPAMU KOHCHPYK-
yito ma incmpymenmapiii ons ii ecmanosaenns. Le cnpuse cko-
POUeHHIO yacy onepayii, YHUKHEHHIO NOMEHYIIHUX YCKIAOHEeHb
I 00CSIcHEHHI0 NO3UMUBHUX Pe3yIbmamie PYHKYIOHAIbHO20 NIK)-
B8AHHS MAKUX NAYICHMIB.
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Introduction

Development of extra-articular deformities of the low-
er extremities is due not only to the severity of the in-
jury and the condition of the musculoskeletal sys-
tem, but also inadequate orthopedic and trauma care
for patients, untimely treatment and rehabilitation
measures, and insufficient assessment of complica-
tions. A systematic approach has recently been used
to assess changes in the injured segment during
the treatment of extra-articular deformities. Adequate
preoperative planning is an important guarantee
of obtaining good functional results [1, 2]. For many
years, the approach to deformation correction plan-
ning was based on the assessment of standard radio-
graphic images of the damaged segment, performed
in a horizontal position in two classical projections.
The next step was the assessment of radiographic
images of the injured lower limb in a standing posi-
tion «with a slope». At present, radiography of both
lower extremities in the standard position accord-
ing to D. Paley should be considered adequate [3].
The most modern and consistent with the level of de-
velopment of visual research methods is the use
of 3D-models, which provides more comprehen-
sive evaluation of the deformation and condition
of the joints and, accordingly, adequate planning [4].
Visualization of the damaged segment with the help
of a three-dimensional model of real size made by
the method of 3D printing provides additional oppor-
tunities when planning the operation.

As shown in the study of P. Yang et al. [5], 3D
imaging technology helps to make corrective osteo-
tomy more accurately, reduce the risk of postopera-
tive deformity and intraoperative blood loss, reduce
intervention time and improve treatment outcomes.

Assessing the appropriateness of the use of 3D prin-
ting in the case of correction of tibial deformity by
an external fixation device, M. Michielsen et al. [6]
noted the advantage of the method when planning
the intervention. Thanks to the use of this approach,
it was possible to reduce the time of additional cor-
rection of the external support in the operating room
and to facilitate the planning of the actual type of this
support. It is especially expedient to use the me-
thod in the case of treatment of complex multiplanar
deformations.

This opinion was supported by researchers from
Barcelona [7]. The use of 3D printing in the planning
of surgery for fractures of the proximal tibia helped
to reduce the time of the operation and reduce intra-
operative blood loss. Therefore, the authors consider
that surgical treatment (ORIF) with pre-reproduction

of printed 3D models is much better compared to
standard ORIF [8].

N. Bruns and S. Krettek [9] draw attention to
the use of 3D printing for the manufacture of indi-
vidual tools for intervention on the correction
of deformation.

Evidence of the increasing attention to 3D prin-
ting is the increase in the number of publications on
this topic, demonstrated by research conducted in
China, USA, UK, and their citation in various da-
tabases (Pubmed, Cochrane, SCOPUS, Web of Sci-
ence). The authors of the published analysis came to
an optimistic conclusion about the prospects of using
this method in orthopedics and traumatology [10].
Therefore, we considered it appropriate to analyze
the possibilities of using 3D-visualization, in par-
ticular 3D-printing, in the treatment of patients with
the consequences of limb injuries.

The aim of the study: to analyze the feasibility
of using three-dimensional models of the deformed
segment at a scale of 1:1 when planning corrective
surgery in patients with post-traumatic deformities
of the lower extremities.

Material and methods

The research materials were considered and ap-
proved by the local Committee on Bioethics at the Sy-
tenko Institute of Spine and Joint Pathology National
Academy of Medical Sciences of Ukraine (Minutes
No. 179 of 14 May 2018) in accordance with current
regulations.

The study involved 52 patients with various post-
traumatic extra-articular deformities of the thigh
and lower leg, in whom during the primary injury
the fracture line was extended to the joint area.
All of them received medical care in the depart-
ment of traumatology of the musculoskeletal system
of the Sytenko Institute of Spine and Joint Pathology
National Academy of Medical Sciences of Ukraine.
All patients underwent computed tomography (CT)
to plan for deformity correction, and examinations
according to the methods developed by us [I1].
3D-printing technology was used for 5 patients with
the most difficult cases of obsolete post-traumatic
extra-articular deformities of the lower extremities.
Models of the damaged and contralateral segment in
the scale of 1:1 were made.

The calculation of 3D models was performed
mainly virtually using standard computer programs
with 3D reconstruction. There are four main types
of software used in the 3D printing workflow to em-
bed a digital 3D model into a physical 3D object. Edi-
ting, viewing and reproducing models for printing
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were performed in STL format. This software pro-
vides a possibility to visualize, modify and correct
STL files for printing. Cutting the model into layers
was performed using a slicer that converts the STL
file into G-code for the printer. Then the model pa-
rameters were calibrated for optimal printing.

Assessment of the dynamics of clinical results was
performed by SF-36 and AOFAS [12—14]. The type
of primary injury was evaluated according to the clas-
sification of AO/OTA [15].

Results and their discussion

The process of preoperative planning began with
a CT scan of the damaged and contralateral segments
with the involvement of adjacent joints. CT results
were used for 3D-reconstruction of images, while
the contralateral segment after the creation of its mir-
ror image played the role of a pattern to reproduce
the normal length and shape of the damaged one.
The data was then output to a 3D printing device and
three-dimensional models were produced. The next
step was to calculate the correction of deformity (in
particular, the location and type of osteotomy) and
choose the method of fixation. The final stage of plan-
ning surgery was simulated osteotomy, restoration
of the axis and length of the limb, choosing a fixation
device and options for its location, which would re-
duce the duration of the operation.

All patients whose treatment at the stage of pre-
operative planning involved CT examination with
the proposed method of 3D modeling, were then ope-
rated on, taking into account the individual characte-
ristics of the deformity. The time course of functional
results of operated patients for SF-36 and AOFAS for
12 months was positive.

An example of the clinical use of models made by
3D printing on the basis of CT scans of the injured
and contralateral limb is the treatment of patient M.,
born in 1965, who was hospitalized with a diagnosis
of fracture of the distal tibia fused with residual varus
deformity (21°) and recurvatio (32°) in the presence
of a fragment of a metal fixator in the distal epiphysis
of the tibia (screw fragment) (Fig. 1, a), widespread
scarring of soft tissues of the distal right tibia, mixed
contracture of the right tibia joint, reduced leaning
ability of the left lower extremity (Fig. 1, b).

After the primary injury, the patient was di-
agnosed with damage to the pilon of the right leg
(43C3.1 according to the AO / OTA classification).

In this regard, several surgeries were performed
at another hospital using the fixation of the fragments
with an external fixation device, a bone plate and
a plaster bandage. Preoperative examination, inclu-
ding ultrasonography of the damaged segment, was
performed in the conditions of the institute, during
which the localization of a. tibialis anterior / a. dorsalis

Fig. 1. Radiological ima-
ges (a) and appearance of
the damaged segment (b)
of a patient M. on admission

Fig. 2. Marking of the main arteries on skin of a patient’s M. according to ultrasonography
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Fig. 3. Appearance of a plastic model of the damaged part of
the bones of the lower leg and foot, made by 3D-printing at
a scale of 1:1 based on the results of CT examination

Fig. 4. Marking of corrective osteotomy and partial resection
of the bones of the lower left leg on a plastic model of damaged
bones of the lower leg and foot of a patient M.

Fig. 5. Modeling on a plastic model of bone fixation of tibial
fragments on the inner side and tibial — on the outside after
the reproduction of corrective osteotomy and partial resection
of the tibia

pedis, a. tibialis posterior Ta a. peronea was estab-
lished and marked on the skin (Fig. 2).

In addition, cicatricial changes of the skin in
the distal part of the tibia were studied and it was
decided to perform corrective intervention using two
approaches: anterior and posterolateral.

One of the parts of preoperative preparation and
planning was the performance of CT examination
and production of plastic models of parts of segments
(damaged and contralateral) on a scale of 1:1 (Fig. 3).
At the same time, the computer 3D image of the cont-
ralateral segment was mirrored and became a temp-
late for planning a corrective intervention.

After that, the levels and type of osteotomy (by
the type of closed wedge) of the tibia and resection
of the tibia were noted (Fig. 4).

After establishing the level of osteotomy, a simu-
lation of corrective intervention was performed with
resection of the tibia, corrective osteotomy of the tibia
and two options for fixing fragments: 1) bone fixa-
tion of tibial fragments on the inner surface and ti-
bia — on the outer; 2) fixation of fragments of the ti-
bia with a plate and screws on the outer surface in
the case of intraoperative establishment of a high risk
of damage to the scarred soft tissues of the distal tibia
(Fig. 6).

During the operation performed from the planned
accesses, the second fixation option was selected
(Fig. 7).

In 4.5 months there was fusion of fragments
of the tibia (Fig. 8, a) and a significant improvement
in the functionality of the damaged limb (Fig. 8, b).

Fig. 6. Modeling on a plastic model of bone fixation of tibial
fragments (on the outside) after reproduction of corrective
osteotomy and partial resection of the bones of the left tibia. The
two lateral holes in the horizontal part of the plate were not used,
because the implant left over from previous interventions and
the bone defect that will occur after its removal make the use of
these holes inappropriate
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Fig. 7. Appearance of the lower left
leg and foot (a) and radiological
image (b) of a patient M. after
corrective surgeries

Neswid

Time course of AOFAS ranged from 37 points before
surgery to 78 points in 6 months after the intervention.

The results obtained by us are consistent with
the experience of foreign colleagues on the feasibili-
ty and possibility of using three-dimensional printing
in orthopedic surgery. This technology provides flex-
ibility in the design of skeletal surgery and allows
the effective implementation of both ready-made
and personalized therapeutic agents that better meet
the needs of patients than traditional manufacturing
processes [10]. 3D-printing is used not only for ana-
tomical models, but also for non-standard individual
implants, instruments and prostheses [9]. Today it is

Fig. 8. Radiological images (a), appearance (b) and
function of the damaged segment of a patient M. in
4.5 months after corrective surgeries: extension (c), neutral
position (d), flexion in the ankle joint (e)

a very promising branch of surgical orthopedic sci-
ence that requires careful attention and study.

Modeling using 3D printing, according to the ex-
perience of foreign colleagues, should contribute to
the development of safe, reliable and standardized
clinical solutions for a particular patient [16].

Conclusions

The use of three-dimensional computer models
when planning corrective surgery allows the surgeon
to increase the accuracy of the correction and signifi-
cantly reduce the time of the operation. Additional
reproduction of plastic models of parts of segments
(damaged and contralateral), made by 3D-printing at
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a scale of 1: 1, allows the surgeon to model the stages
of intervention on a physical model, understand pos-
sible technical problems, adequately select the design
and tools for its installation. This helps to reduce the
time of surgery, avoid potential complications and
achieve positive results of functional treatment of such
patients. In addition, 3D modeling with 3D printing

can be an effective tool for the learning process.
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