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 new  osteotomy  for  the  prevention  of  prominent  lateral  condyle
fter  cubitus  varus  correctional  surgery-made  possible  by  a  3D
rinted  patient  specific  osteotomy  guide:  A  case  report
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INTRODUCTION:  Skeletal  deformity  correction  is a procedure  of  high  aesthetic  and  functional  demand.
Therefore,  meticulous  surgical  planning  has  always  been  mandatory.  However,  it is  known  that  during
the  surgery  things  may  often  get slippery,  leaving  the  surgeon  no  chance  but  improvisation.  Because
of  this  shortcoming  it is not  a rare  occasion  to find  unhappy  patients  that  have  undergone  deformity
correction  surgery.
PRESENTATION  OF  CASE:  Our patient  was  an  eighteen-year-old  male who  had  40◦ cubitus  varus  deformity
(with  20◦ flexion  and  extension  deficits)  due  to  a right  humerus  supracondylar  fracture,  obtained  eight
years  ago.  He had  two  prior  surgeries  at the  year  of  injury.  Considering  the severity  of  the  deformity  we
decided  to plan  the  surgery  with  3D  software,  obtain  3D printed  models  (to further  help with  surgical
fixation  options)  and finally,  use  a custom  3D  printed  resection  guide  to apply  the  plan  during  the  surgery.
DISCUSSION:  Traditional  methods  of  skeletal  deformity  correction  lack  the  preoperative  precision  and
tools  to  perform  the  plan  during  the  surgery.  Deformity  correction  with  3D  images  and  3D  printed  patient

specific instruments  do  help  the surgeon  to accomplish  correct  deformities  with  results  identical  to
surgical  plan.
CONCLUSION:  Superior  precision  of  the  3D  planning  and very  easy  utilization  of  the patient  specific  3D
printed  instruments  during  the  skeletal  deformity  surgery  provides  unparalleled  and  foreseeable  results.
This  methodology  is  prone  to  be gold  standard  for deformity  surgery  in  the  near  future.

© 2017  The  Authors.  Published  by Elsevier  Ltd  on  behalf  of IJS  Publishing  Group  Ltd.  This  is an  open
he CC
access  article  under  t

. Introduction

Fractures of the elbow supracondylar region has been defined
s one of the most frequent fractures of the childhood with cubi-
us varus deformity as a complication [1]. Cubitus varus deformity
onsists of varus angulation in all patients and various amounts
f internal rotation and extension deformity [2]. The comorbidi-
ies which acompany the afore mentioned bony deformties are;
osmetic problems, loss of range of motion, pain, posterolateral
otatory instability, tardy ulnar nerve palsy, and internal rotational
alalignment [3]. The surgical indications of deformity correc-
ion is not very well established making this a question of debate
etween orthopaedic surgeons [4]. Nevertheless, when an indica-
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tion is made per patient basis, the cosmetic results after the surgical
correction is generally on the very top of expectations list.

The defined methods of correctional osteotomy methods have
their pros and cons [4,5]. Lateral closing wedge osteotomy as being
the simplest of all methods generally results in prominent lat-
eral condyle which in return affects patient expectaions negatively
[4,5]. Lately computer model planing and patient specific instru-
mentation have been advocated to over come this problem [5,6].
The previously proposed computerized osteotomy patterns and
patient specific surgery tecniques still need to be investigated fur-
ther to decide if they match the needs of the surgeon and the
patient.

Here we  describe a totally new method which we believe
overcomes most of the problems of cubitus varus correctional
surgery. Apart from utilizing 3D computer model planing and cus-
tom osteotomy guides overall it is very simple in phylosophy and it

seems to eliminate cosmetic problem due to lateral condyle promi-
nence. Furthermore, it provides the surgeon with 3D printed bone
models which are very useful for determining bone fixation options
to assure secure fixation which in return helps to start vigorious
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ient depicting his range of motion and deformity.
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Fig. 1. Preoperative photographs of the pat

ange of motion exercises as soon as surgical inflamation dimin-
shes.

. Presentation of case

This case report has been written in line with the SCARE state-
ents [7]. Our patient was an eighteen-year-old male who had 40◦

ubitus varus deformity with 20◦ flexion and extension deficits due
o a right humerus supracondylar fracture, obtained eight years ago
Fig. 1). The patient’s written informed consent was  obtained prior
o the study. He had two prior surgeries at the year of injury. His

edial epicondyle was not apparent in his radiological workout
robably due to avascular necrosis of the medial epicondylar frag-
ent. Although he had reasonable range of motion he was also

omplaining of mild to moderate pain during and after heavy duty
ctivities. He was also very upset with the appearance of his arm.
e worked with a web based orthopedic consultancy firm special-

zed in 3D orthopedics and patient specific instrumentation called
etaklinik (Metaklinik.com) to create the surgical plan and obtain

atient specific osteotomy guide for our case. First, 3D computer
odels of the patient’s both humeri were obtained. Later, the unin-

ured side’s model was mirrored to represent original anatomy
or the injured side. Later, both models were visually aligned over
ach other in the 3D working environment to better visualize and
omprehend the deformity (Fig. 2). The graphics software was
sed to simulate possible osteotomy options and results. Analyzing
steotomy options in the 3D environment we found out that resect-
ng a 40◦ wedge, all at once to correct the deformity would either
esult in joint translation in coronal plane or poor bone contact with

ossible fixation difficulties (Fig. 3a,b). Afterwards, we simulated
or an intercalary osteotomy by resecting a 20◦ (half the amount of
arus deformity) wedge. After obtaining the wedge it was flipped
80◦ in coronal plane and was relocated in the osteotomy site as an
Fig. 2. Preoperative AP x-ray of the case and superimposed images of injured and
uninjured (mirrored) humerus to depict deformity.

intercalary graft to obtain a total of 40◦ correction. The proposed
osteotomy was  further simulated by means of obtaining 3D print

outs and making rehearsals with available plate options. As a result,
the intercalary osteotomy proved to have much better bone con-
tact with stronger fixation and elimination of the cosmetic problem
of prominent lateral condyle (Fig. 4a–c). To facilitate the resection
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ig. 3. (a and b) Graphics simulation and 3D print-out rehearsals for surgery if done
ith traditional method.

f the desired wedge from desired location a patient specific 3D

esection guide was designed and 3D printed. A tourniquet inflated
o 280 mm/Hg pressure was used. The surgery started with a pos-
erior longitudinal incision through which firstly ulnar nerve was
xplored and was found to be already anteriorly transposed. We

Fig. 5. (a and b) Photographs showing the osteotomy and resulting intercalary graft
Fig. 4. (a, b and c) Graphics simulation and 3D print-out rehearsals for surgery when
done with our intercalary method.

strongly suggest the release and anterior transposition of the ulnar

nerve in our intercalary technique since it would further stretch
the ulnar nerve. After determining the status of the ulnar nerve the
procedure carried on with a triceps sparing technique to expose
osteotomy site. The sterilized patient specific osteotomy guide was

. (c) C-arm output showing temporary fixation of flipped intercalary grafting.



CASE  REPORT  –  OPEN  ACCESS
H.C. Gemalmaz et al. / International Journal of Surgery Case Reports 41 (2017) 438–442 441

nmen

u
i
a
i
a
p

m
o
K
fi
s
u
t
l
f
s

3

n
c
a
d
(
3
i
fi
[
o
i
o

Fig. 6. Early postoperative x-rays showing the alig

sed to make the osteotomies flawlessly and (Fig. 5a,b). The result-
ng wedge was  flipped 180◦ degrees in coronal plane and used as
n intercalary graft to obtain a total correction of 40◦. After obtain-
ng the one and only C-arm verification to prove everything was
s planned, plate and screw fixation was performed to finish the
rocedure (Fig. 5c).

The postoperative x-ray of the patient showed perfect confor-
ity of the plate and screw fixation with a very hard to see, faint

steotomy line perfectly matching the preoperative plans (Fig. 6).
nowing that the osteotomy had best possible bone contact and
xation the patient was encouraged to start joint mobilization and
tretching exercises 1 week after the surgery with permission to
se the arm for mild daily use. At 4th week he had no pain around
he joint with only 5–10◦ of extension and flexion deficit and no
ateral condylar prominence. His third month follow up revealed
ull range of motion with no pain and confirmation of osteotomy
ite union (Fig. 7).

. Discussion

Regular methods of deformity surgery rely on 2D surgical plan-
ing, heavy use of C-arm and surgical mastery if not luck. Thus,
omplications, such as implant failure, non-union, malalignment
nd residual deformity are not rare [3,5]. Considering the bur-
en of a failed surgery to a patient and the surgeon, 3D planning
both in software environment and with 3D printed models) and
D printed patient specific osteotomy guides are very promis-

ng, offering shortened surgical time, flawless osteotomy, ideal
xation and probably overall much lower rate of complications

3,4,6]. Although at first glance our method of intercalary grafting
steotomy may  seem to have disadvantages, especially of stabil-
ty issues; we believe that 3D planning and use of patient specific
steotomy guides successfully overcomes this retro problem as
t, final fixation and barely visible osteotomy lines.

this truly is a precision problem. Thus, we believe our method of
osteotomy may  be beneficial over other osteotomies such as step-
cut and dome osteotomy since the planning procedure and the
application of the osteotomy is much simpler.

4. Conclusion

We strongly believe that, with the recent dissemination of addi-
tive 3D printing technology, the 3D surgical planning and use of
patient specific guides may  soon become gold standard for all defor-
mity management.

Conflicts of interest

The Authors declare that there is no conflict of interest.

Funding source

This research received no specific grant from any funding agency
in the public, commercial, or not-for-profit sectors.

Ethical approval

Not applicable. No research study involved.

Consent

The patient received a thorough explanation of this report gave

his oral and written informed consent to be included in this report
as well as for publication of these case, anonymous data, and pic-
tures. A copy of the written consent is available for review on
request.



CASE  REPORT  –  OPEN  ACCESS
442 H.C. Gemalmaz et al. / International Journal of Surgery Case Reports 41 (2017) 438–442

fter su

A

c

a

G

R

[

[

[

[

[

[

[

O
T
p
c

Fig. 7. Postoperative photographs of the patient at 3 months a
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