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Introduction. Three-dimensional (3D) modeling and prototyping are increasingly being used in various branches of
surgery for planning and performing surgical interventions. In orthopedics, this technology was first used in 1990 for
performing knee-joint surgery. This was followed by the development of protocols for creating and applying individual
patterns for navigation in the surgical interventions for various bones.

Aim. The study aimed to develop a new 3D method for planning and performing corrective osteotomy of the femoral
bone using an individual pattern and to identify the advantages of the proposed method in comparison with the
standard method of planning and performing surgical intervention.

Materials and methods. A new method for planning and performing corrective osteotomy of the femoral bone in
children with various pathologies of the hip joint is presented. The outcomes of planning and performing corrective
osteotomy of the femoral bone in 27 patients aged 5 to 18 years (32 hip joints) with congenital and acquired deformity
of the femoral bone were analyzed.

Conclusion. The use of computer 3D modeling for planning and implementing corrective interventions on the femoral
bone improves the treatment results owing to an almost perfect performance accuracy achieved by the minimization
of possible human errors reduction in the surgery duration; and reduction in the radiation exposure for the patient.
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BBegenne. Bce yalle B pasnMYHBIX OTPACIAX XMPYPIUM IpM IUVIAHMPOBAHMM M BBIIOJTHEHUM ONEPAaTHMBHBIX BMeNIa-
Te/IbCTB IpUMeHAITCA 3D-MofenupoBanue M NpOTOTUNNMPOBaHKe. B opromenuyu maHHAsA TEXHONOTUA BIEpPBBIE IO-
stBimack B 1990 I. IIpy BBIIOJIHEHUM OLEPALUM Ha KOJeHHOM cycrase. C Tex IOp Hadanmach paspaboTKa IPOTOKOIOB
CO3[aHUs U IPUMEHEeHNs] MHAVBU/YaIbHBIX IIA0TIOHOB /I HaBUTAL[MM TIPY XUPYPIUUECKUX BMeIIaTeIbCTBaX Ha pas-
JMYHBIX KOCTAX CKeJleTa.

Ilensp MccmegoBaHMA — paspaboTKa HOBOTO TPEXMEPHOTO METOJja IIAHMPOBAHUA ¥ BBIIOTHEHNUS KOPPUIMpYIOIIelt
ocTeoToMMY OepeHHOII KOCTM C MCIIONb30BaHMEM VHAVMBUAYATbHOIO IIA0/IOHA, a TaKXKe BBLAB/ICHME IPEMMYIIECTB
MPeJIOKEHHOTO METOfA 110 CPAaBHEHMIO CO CTAaH[APTHOM METONVKON IIAHMPOBAaHMA M BBINOTHEHNUA ONEPATMBHOTO
BMeEIIATENbCTBA.

Marepuanst u MeTopbl. IIpencraBieH HOBBI CIOCO6 IIAHMPOBAHMS ¥ BBIIOMHEHNS] KOPPUTHPYIOLIEN OCTEOTOMUM
Oefpa y feTeit ¢ pasnIMYHOI IATONOTrMell Ta3obeIpeHHOro cycTaBa. IIpoBelleH aHAaMM3 Pe3yIbTaTOB IIAaHMPOBAHUA
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¥ BBIIIOJIHEHMSI KOPPUTHPYIOLEell octeoroMnu Oegpa y 27 ManmeHToB B Bo3pacTe oT 5 o 18 ner (32 TasobempeHHBIX
CycTaBa) C BPOXXAEHHOI U IpuoOpeTeHHOIT Aedopmalueii GefpeHHO KOCTH.

3akmodenne. Vicnonb3oBaHye KOMIIbIOTepHOTO 3D-MofennpoBaHus Npyu IVIAHUPOBAHUY U BBIIOTHEHUU KOPPUTUPY-
IOI[UX BMEIIATETbCTB Ha OepeHHO KOCTM YIydllaeT pe3y/lbTaThbl JIeYeHNsA 3a CUeT IPAKTUYECKN MJeanbHO TOYHO-
CTU BBINOTHEHVS]; MYHVMU3ALNY BO3MOXKHBIX CYOBEKTMBHBIX OIIMOOK; COKpallleHVsI BPEMEHM OIlepal[il; YMeHbIIe-

HUA HY‘{&BOI?[ Harpy3kKkm Ha IallM€HTa.

KimroueBble cmoBa: fieTir, KOppuUrupyoas ocreoromus 6enpa, 3D-MomenpoBaHue, MHAUBUAYATbHbI MIA0IOH.

Introduction

Today, three-dimensional (3D) technologies
are actively being used in everyday medical
practice. 3D modeling and prototyping are used
in various branches of surgery for planning and
performing surgical interventions. In the field of
orthopedics, this technology was introduced in
1990 when a 3D-printed individual template with
reference points for screw passing was used in knee
replacement [1, 2, 3]. Thereafter, the use of individual
templates for navigation in surgical interventions on
various bones has been increasingly mentioned in
international literature.

The first part of this article [4] shows how,
using virtual simulation, precise calculations for the
necessary correction of angular parameters are made
to correct the deformity of the proximal femur. In
the second part, the stages involved in prototyping
an individual template and the technical aspects
involved in performing corrective osteotomy of the
femur using the prepared template are demonstrated
using a clinical example.

Aim of the study

The study aimed to develop a new 3D method
for planning and performing corrective osteotomy
of the femur with the use of an individual template
and to identify the advantages of the proposed
method compared to that of the standard method
of planning and performing surgical intervention.

Materials and methods

This study presents a new method for planning
and performing corrective osteotomy of the femur in
children with various hip joint pathologies (applica-
tion for the invention “Method of correcting osteot-
omy of the femur;” filing certificate No. 2016105166
of 16.02.2016). The outcomes of planning and per-
forming corrective osteotomy of the femur were

analyzed in 27 patients aged 5-18 years (32 hip
joints) with congenital and acquired deformity of
the femur. Parents (or guardians) of all children vol-
untarily signed an informed consent to participate
in the study and perform a surgical intervention.
For 3D modeling, we used computer tomograms of
the femurs of the same patients and a complex of
an adapted 3D-software. For prototyping, the 3D
printer EnvisionTeC’s ULTRA 3SP (EnvisionTeC,
Germany) was used.

As described, at the planning stage, 3D modeling
was performed; the main angular parameters, such
as the collum-diaphyseal angle, the anteversion
angle, and the resected (if necessary) bone wedge
size were calculated. Based on the data obtained,
the corrective osteotomy of the femur was modeled
stepwise [4]. To accurately “transfer” the results of
preoperative 3D modeling to the surgical wound,
we developed a protocol for creating an individual
template. The information set in the template
regarding the direction of the osteotomy lines, the
angle of rotation, passing of the orienting spokes,
and the fixing of screws enabled the projection of
the computer image onto the femur to make the
process of surgical intervention as predictable and
minimally subjective as possible.

Clinical example

Patient K., 16 years old. Diagnosis: Slipped
right capital femoral epiphysis of the third stage,
of the first stage to the left. The clinical picture
revealed lameness in the right lower extremity and
relative shortening of the right lower extremity by
1.5 cm; the right lower extremity was in the external
rotation position with a hip joint at an angle of 40°.
Further, there was no internal rotation in the right
hip joint, and the Dreman symptom was positive on
the right (bending in the hip joint was possible only
in the external rotation position). As per the X-ray
examination conducted in the direct projection and
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Fig. 1. Images obtained from the X-ray exami-

nation of patient K. (in a direct projection and

according to Lauenshteyn) prior to surgical

treatment. Slipped right capital femoral epiphysis
of the third stage

a b

Fig. 2. Passing the guiding spokes: g, top view; b, front Fig. 3. Expected outcomes of corrective antero-rotational
view osteotomy: a, front view; b, lateral view

a b

Fig. 5. Distinguishing the intertrochanteric region: a,
surgical field; b, 3D model

Fig. 4. Template for conducting correcting antero-rotational ~ Fig. 6. Installation of the template and passing the orienting
osteotomy of the femur: 1, guide bush; 2, a guide for the spokes: g, surgical field; b, 3D model (1, orienting spokes;
screw; 3, a guide for osteotomy; 4, holes for Kirschner wires 2, Kirschner wires)
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according to Lauenshteyn, the displacement of the
epiphysis of the head of the right femur backward
was by 37° (Fig. 1).

This patient was chosen for conducting the
case study for this pathology because of two main
reasons:

1) In slipped capital femoral epiphysis, a complex
multiplanar deformity always develops that requires
a complex multiplanar correction;

2) The correction should be as high as possible;
however, it should not exceed 50° otherwise, the
risk of aseptic necrosis of the femoral head increases
[2, 4, 5, 6].

Stages of creating and using an individual
template for correction of multiplanar deformity of
the proximal femur:

1. 3D modeling of corrective osteotomy of the
femur was performed [4].

2. A virtual plate was fixed to the proximal part
of the virtual femur with virtual guiding spokes. In
this case, the spokes passing through the femoral
neck were oriented to the epiphyseal center, and the
longitudinal axis of the plate was located at an angle
of the necessary correction to the longitudinal axis
of the plate; in this case, the angle was 45° [7]. After
the virtual osteotomy was performed, the proximal
femur together with the plate was rotated until the
plate jaw was aligned with the distal femur. The
main advantage of 3D modeling is that it allows
the location of the screws as centrally as possible
in relation to the epiphysis and, if possible, without
leaving the deformed femoral neck. Visual control
in various projections (perspective, top, bottom,
right, left, front, and back) was achieved by varying
the “transparency” of the bone. After correction of
the epidiaphyseal angle, the angle of anteversion
was measured [4]. Next, the distal femur was
rotated inwards to correct the angle of anteversion,
by 10° in this case. The plate was fixed to the femur
using virtual screws. The length of the neck screws
was determined with pinpoint precision, preventing
their penetration into the joint during the surgery,
as well as by the length of the diaphyseal screws
(Fig. 2, 3).

3. An individual template was modeled. The
template had a guide bush with holes for passing
the guiding spokes, a guide for osteotomy, as
well as guides for screws that fix the plate and
are used as orienting labels for correcting the
angle of anteversion. The inner surface of the

template is an accurate “cast” of the outer surface
of the corresponding femoral part. It is desirable
that this site has a small trochanter wholly or
partially because the more irregularities the
surface has, the easier it is to position the template
accurately during the surgery. At the base of the
template, 2-3 holes for Kirschner wires were
modeled for the temporary fixation on the bone
(Fig. 4).

4. A template was made from a photopolymer
on a 3D printer.

5. During surgical intervention, the inter-
trochanteric region was distinguished subperiosteally
(Fig. 5). The template was installed on the bone.
Considering that the inner surface of the template
was a mirror image of the femoral bone, there were
no challenges in its positioning. The template was
tixed to the bone with 2-3 Kirschner wires (Fig. 6).
Three orienting spokes were passed through the
holes in the guide bush. A hole for the screw
was drilled along the guide. The osteotomy of the
femur was performed along the guide with the
use of an oscillatory saw. The Kirschner wires and
the template were removed from the wound. The
surgical hardware was fixed to the proximal femur
with the orienting spokes.

To eliminate the posteroinferior displacement of
the epiphysis, the proximal femur with a plate fixed
to it was rotated anteriorly around the axis of the
femoral neck. To correct the angle of anteversion,
the distal femur was rotated inward about its axis
until the screw hole in the plate jaw was aligned
with a similar hole in the femur. The plate was fixed
to the diaphysis using screws (Fig. 7).

The wound was closed layerwise. Two images
were obtained from X-ray examinations in a direct
projection and according to Lauenshteyn (Fig. 8, 9).

Discussion

The results of 3D method for planning and
performing corrective osteotomy of the femur with
the use of an individual template were analyzed in
27 patients aged 5-18 years (32 hip joints) with
congenital and acquired deformity of the femur.
In the postoperative period, all patients underwent
computed tomography examinations; the results
were evaluated and compared. In addition, a 3D
virtual model was created, and in the 3D-program
adapted by us, the model of the planned surgery and
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Fig. 7. Appearance after correction of the deformity:
a, surgical field; b, 3D model

53,413 sm

wr

a b

Fig. 9. Outcomes of the surgical treatment: a, Rg according
to Lauenshteyn; b, 3D model, expected result

the model after surgical treatment were compared.
The neck-shaft angle, the epidiaphyseal angle,
and the angle of anteversion that were compared
with the planned preoperative calculations were
calculated again for the control on the 3D model
after surgical treatment. In 30 cases (94%), the
planned spatial position of the fragments of the
femur and the fixing metal anchor corresponding
to the preliminary calculations was obtained. In
two cases (6%), the position of the fixing anchor
and the femur fragments differed from the planned
one. Both cases occurred at the initial stages of the
study and attributed to a technical defect in the
template that did not allow the correct positioning
on the bone during the surgery. Deviations were
within 6° and did not affect the clinical outcome.
Further improvement of the template enabled the
prevention of such errors.

a b

Fig. 8. Outcomes of the surgical treatment: a, Rg in a direct
projection; b, 3D model, expected result

For comparative analyses, the results of 32 cases
involving planning and performing of corrective
osteotomy of the femur were evaluated using
standard X-ray dosimetry. The spatial position of
the proximal femur fragment and the location of
tixing the metal anchor on the postoperative X-ray
examination images corresponded to preliminary
calculations in 25 cases (78%).

A comparative analysis of the outcomes of plan-
ning and performing the corrective osteotomy us-
ing 3D-technologies and standard X-ray dosimetry
was performed. It was revealed that the average
difference in the measurement of angular indices
amounted to 10° + 2° (p < 0.05); in linear terms, the
difference was 5 mm + 2 mm (p < 0.05).

The time taken for performing interventions of
the same type was compared. Using an individual
template during corrective osteotomy of the femur
reduced the operation time by an average of
11 min. In addition, using the template completely
eliminated the necessity for intraoperative images
and image intensifiers.

Conclusion

Using computer 3D modeling in planning and
performing corrective interventions on the femur
improves the treatment outcomes owing to the
following reasons:

- Almost perfect performance accuracy

- Minimization of possible subjective errors

- Reduction in the operating time

- Reduction in the radiation load on the patient
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