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Introduction

Cubitus varus is a relatively common, albeit problematic, 
orthopedic complication resulting from the malunion of 
a pediatric supracondylar fracture of the humerus (1,2). 
The elbow varus deformity could not only affects limb 
appearance, but also causes changes to the normal structure 
of the elbow joint, thereby leading to or accompanying with 
joint dysfunction, such as humeral pulley dysplasia, elbow 
joint instability, pain, weakness, and difficulty carrying 

weights (1,3). The treatment of cubitus varus includes 
conservative treatment and surgery. Although the indication 
for surgery for cubitus varus is controversial, many previous 
reports tend to have an operation for relieving appearance 
and physical pain (1-8). Several methods of corrective 
osteotomy, such as step-cut osteotomy, dome osteotomy, 
multiplanar osteotomy, lateral wedge osteotomy, and ladder 
osteotomy, have been undertaken in the management of 
cubitus varus (1,4). With conventional corrective osteotomy, 
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however, a certain degree of deformity persists because it 
is not always easy to correct complex 3D bone deformities 
with preoperative planning merely on the basis of plain 
radiographs in a free-hand operation (5). Lateral closing 
wedge osteotomy, the simplest of all osteotomy methods, 
generally results in poor bone contact and considerable blood 
loss as well as lateral condylar prominence that negatively 
affect patient expectations (6-8). Some methods, such as, 
dome osteotomy and step-cut osteotomies also aim to 
eliminate the lateral prominence (3,9). However, there are 
still some residuals by these methods. Lately, planning using 
computerized models and patient-specific instrumentation 
have been advocated to overcome this problem (10-12).

This study aimed to present a modified surgical method 
that uses a 3D-printed specific guide with an isosceles 
triangle osteotomy. Herein, we describe an isosceles triangle 
osteotomy assisted by 3D computer model planning and 
custom osteotomy guide method, which was very simple 
overall and seems to eliminate the abovementioned problems. 
Moreover, it provides the surgeon 3D-printed bone models 
that are useful for determining bone fixation options to 
help secure fixation; this, in return, helps the patient to start 
vigorous range-of-motion exercises. We present the following 
case in accordance with the CARE reporting checklist (available 
at http://dx.doi.org/10.21037/tp-20-101).

Case presentation

A 12-year-old male presented with a –30-degree cubitus 
varus deformity, without rotation, flexion, or extension 

deficits, that was the sequelae from a right humerus 
supracondylar fracture sustained 5 years earlier (July 21, 
2014; Figure 1A,B). A target carrying angle of 10 degrees 
was designed; therefore, we had to cut the bone in a nearly 
40-degree-angle wedge shape. Written informed consent 
was obtained from the patient’s parents. The study was 
approved by ethics board of the First Affiliated Hospital 
of Wenzhou Medical University (No. 2014-0124) and 
informed consent was taken from the patient’s parents. 
All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and with the Helsinki Declaration (as 
revised in 2013).

The patient had a reasonable range of motion, but 
complained of mild to moderate pain during and after 
strenuous activities involving the affected limb. Moreover, 
he was very upset with the appearance of his arm. We 
obtained scan image data of the affected and contralateral 
normal elbow (including the upper arm and forearm) 
from our patient, who underwent X-ray radiography and 
a spiral 3D computed tomography (CT) scan (LightSpeed 
VCT, GE, Fairfield, CT, USA) using a 0.625-mm slice 
thickness and 0.30-mm in-plane resolution. Data were 
transferred via a Digital Imaging and Communications in 
Medicine (DICOM) network into a computer workstation. 
Thereafter, 3D models of the affected bones were 
constructed by using Mimics v14.0 software (Materialise, 
Ltd., Belgium) and saved in the stereolithography (STL) 
format (Figure 2A,B,C,D).

After segmentation and reconstruction, STL data files 

Figure 1 Preoperative photographs (A) and X-ray (B) of the patient depicting his deformity.
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were imported to Geomagic Studio v2013 software (3D 
Systems, Ltd., USA) to correct errors and regional burrs 
and, then, to simulate possible osteotomy options and 
results. The carrying angle of the contralateral unaffected 
bone and exact osteotomy angle were accurately measured. 
The osteotomy angle was equal to the carrying angle of the 

contralateral unaffected bone plus the cubitus varus angle, 
with which one can calculate the length of the lateral base of 
the isosceles triangle as well as the lateral osteotomy length. 
The detailed procedure of the isosceles triangle osteotomy 
(Figure 3) was as follows: a line was drawn between the 
lateral epicondyle of the humerus and medial condyle of the 
humerus above the peak of the coronary fossa (or olecranon 
fossa) as one side of the isosceles triangle osteotomy; then, 
the medial condyle of the humerus was taken as the peak, 
and the other edge was drawn by a pre-calculated osteotomy 
angle. The triangle was rotated clockwise or anticlockwise 
(depending on whether the right or left upper limb was 
being operated upon) with the same pre-calculated angle. 
The rotation was stopped and the location of the osteotomy 
was determined when the two edges were equal.

After the osteotomy 3D simulation, the wedge-shaped 
bones on the anterior and posterior supracondylar aspects 
of the humerus were both designed as isosceles triangles. 
The first level of the medial hinge was closer to the joint 
immediately above the olecranon or coronary fossa with 
a 40-degree distal osteotomy cut. The range of the wedge 
osteotomy was defined just above the supracondylar 
humerus at approximately 30 mm (Figure 4A). We then 
simulated a closing wedge osteotomy for angular correction, 
followed by correction on the osteotomy plane based on the 

Figure 2 Three-dimensional models of the affected bones were constructed in Mimics software. (A) CT shows the coronal section of the 
elbow; (B) CT shows the transverse section of the elbow; (C) CT shows the sagittal section of the elbow; (D) 3D reconstruction of elbow 
joints. CT, computed tomography.

Figure 3 The isosceles triangle osteotomy was measured by 
Mimics software.
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deformity evaluation (Figure 4B,C).
The distal segment of the humerus was repositioned 

medially on the osteotomy plane to align the lateral cortical 

bone line, and there was no prominence of the lateral 
condyle. The proposed osteotomy was further simulated 
by obtaining 3D printouts and rehearsed with the available 
plate options (Figure 5A). Then an osteotomy template was 
designed according to the anatomical characteristics of the 
range of osteotomy (Figure 5B). A K-wire hole was designed 
for fixation in the humerus to avoid movement of the 
template. The osteotomy template models were exported 
in STL format and formed by using the Fused Deposition 
Modeling (FDM) rapid prototyping (RP) technique and 
were sterilized for standby application (Figure 5C).

Results

A posterolateral longitudinal skin incision was made along 
the lower arm and the full distal humerus was exposed. 
The osteotomy template was inserted as a ‘‘collar’’ to 
the metaphysis and diaphysis of the distal humerus 
at the pre-planned surface of the bone, followed by a 
K-wire fixation. The bone was osteotomized with a saw 
along the outline of the template, and the deformity 
was corrected as simulated preoperatively (Figure 6A,B).  
After obtaining the one and only C-arm verification to prove 
implementation was carried out as planned, we carried out a 
one-plate and four-screw fixation to complete the procedure.

The postoperative X-ray of the patient showed the 
satisfying conformity of the plate and screw fixation with a 

Figure 4 The simulated closed-wedge osteotomy was done in 
Mimics software. (A) The first level of the medial hinge was 
closer to the joint immediately above the olecranon or coronary 
fossa; (B,C) a closing wedge osteotomy for angular correction was 
simulated, followed by correction on the osteotomy plane based on 
the deformity evaluation.
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Figure 5 Graphics simulation and 3D printout rehearsals for surgery when done with our method. (A) The proposed osteotomy was further 
simulated by obtaining 3D printouts and rehearsed with the available plate options by software; (B) an osteotomy template was designed 
according to the anatomical characteristics of the range of osteotomy by software; (C) the osteotomy template models were sterilized for 
standby application.
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barely visible, faint osteotomy line that satisfying matched 
the preoperative plan (Figure 7A,B). This indicated bone 
contact and fixation, and the patient was encouraged to 
start active and passive elbow exercises 5 days after surgery 
without any external splint. The patient had no pain around 
the joint, with 0-degree extension and 140-degree flexion 
and without any lateral condylar prominence at the fourth 
week. X-rays revealed osteotomy site union after 3 months, 

and the plate and screws were removed after 10 months  
(Figure 7C,D). The postoperatively measured carrying 
angle was 9.6 degrees (against a target carrying angle of  
10 degrees).

Discussion

The cubitus varus deformity is one of the most common 

Figure 6 Photographs showing the osteotomy and resulting isosceles triangle osteotomy graft. (A) The osteotomy template was inserted as 
a ‘‘collar’’ to the metaphysis and diaphysis of the distal humerus at the pre-planned surface of the bone, followed by a K-wire fixation; (B) the 
bone was osteotomized with a saw along the outline of the templat.

Figure 7 Early postoperative X-rays showing the alignment, final fixation, and barely visible osteotomy lines (A,B). (C,D) show the plate 
removal and morphology of the upper limb.
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complications of supracondylar fractures of the humerus, 
which generally include varus, internal rotation, and 
hyperextension deformities (10,13,14). However, the 
etiology remains unclear. Various techniques of corrective 
osteotomy are available for the correction of cubitus  
varus (1). At present, there is no gold standard surgical 
correction technique for cubitus varus, and there are 
multiple types of osteotomies to correct these deformities in 
children. Firstly, conventional preoperative planning based 
on radiographs and manual examination affords limited 
accuracy (11,12,15). Secondly, it is technically demanding to 
reproduce preoperative planning during actual surgery (16).  
Thirdly, lateral wedge osteotomies are conducted most 
commonly, and the technique is simple, effective, and 
reproducible. Nonetheless, multiple complications—
most notably, the lateral condylar prominence and non-
3D complex osseous deformities—have been documented 
and have compelled many surgeons to consider alternate 
approaches (1). Although a 3D osteotomy can correct 
flexion, extension, varus, valgus, and rotational deformity 
simultaneously (11), it cannot avoid a lateral shift and also 
maintain correction due to the small area of bone contact in 
a non-triangle osteotomy (11).

With the development of digital medicine, 3D planning 
and printed specific osteotomy guides are very promising 
options, offering shorter surgical time, flawless osteotomy, 
ideal fixation, and, probably, an overall lower rate of 
complications (10,17,18). With these techniques, we 
developed a modified rotating triangle osteotomy for the 
treatment of cubitus varus in children by using a 3D-printed 
patient-specific guide. Many authors have reported the 
usefulness of 3D printing in surgery. Zhang et al. (4) treated 
18 patients using a computer-aided design osteotomy 
template, and their results have proved highly accurate in 
osteotomies for correction of the cubitus varus deformity 
in teenagers. Omori et al. (13) treated 17 patients who 
underwent 3D corrective osteotomy by using a custom-
made surgical guide; the results appeared good for varus-
valgus rotation, flexion-extension rotation internal-external 
rotation, proximal-distal translation, and carrying angle in 
the clinical follow-up period. We followed this guide and 
used a 40-degree distal osteotomy based on preoperative 
measurements. Based on our results, we found that an 
accurate osteotomy can be pre-planned by using Mimics 
software, and there is good bone contact after the osteotomy. 
Moreover, the osteoepiphysis and joint capsule are not 
injured in this procedure.

We modified and designed a K-wire hole while 

avoiding movement of the guide, which could ensure the 
accuracy of the osteotomy. Moreover, some traditional 
osteotomies cannot avoid bone protrusion in the coronal 
plane. These problems can be resolved by the new rotating 
isosceles triangle osteotomy, based on the preoperative 
planning and intraoperative application. Although there 
a slight angle persists in the sagittal plane, new research 
has shown that correction of internal rotation is not 
needed for osteotomies that aim to correct a cubitus varus  
deformity (16). Usui et al. (12) measured different angles 
and length of osteotomy of cubitus varus, and their results 
have proved that a level of the medial hinge closer to the 
joint and immediately above the olecranon fossa is the best 
configuration to minimize lateral condylar prominence 
and the step-off of the cut surfaces, and results in a similar 
appearance to that of a normal humerus by using the 
Mimics software.

Furthermore, we did not find complications reported by 
previous reviews such as osteotomy angle loss, recurrence 
of malformation, failure of screw fixation, needle-tract 
infection, and a high level of osteotomy resulting in delayed 
bone healing and external fixation with subsequent muscular 
atrophy (7,19,20). Moreover, the tool closing of the 
periosteum on the ulnar side of the distal humerus can protect 
the ulnar nerve during osteotomy (21). Takagi et al. (16)  
used an intercalary osteotomy (which flips 180 degrees in 
the coronal plane) technique to resolve poor bone contact 
and possible fixation difficulties with the use of simulating 
software. Our research has the following shortcomings: 
Firstly, we did not encounter this problem mentioned above 
in our modified technique. Secondly, because of the small 
sample size, statistical analysis was not appropriate. Thirdly, 
we expect more cases for verifying the safety and efficiency 
for the treatment of cubitus varus in children by using of 
the method. Moreover, relevant 3D modeling software 
needs to be used in the research, which puts forward higher 
requirements for operators, which may not be conducive to 
large-scale applications.

Conclusions

Our results indicate that an isosceles triangle osteotomy can 
generate good outcomes, and individual templates eliminate 
the need for complex equipment and time-consuming 
procedures in the operating room. This individual template 
can indicate the optimum pattern and plane of corrective 
osteotomy by calculating the axis and amount of 3D 
deformity.
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