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Abstract

Background
Cubitus varus deformity (CVD), a common complication after a supracondylar fracture of the distal
humerus, is usually treated with corrective osteotomy. However, due to the complex anatomy of the distal
humerus, conventional osteotomy techniques are sometimes unreliable and can result in an inaccurate
correction, residual deformity, and lateral condyle prominence. Recently, medial three-dimensional (3D)
printing technology has demonstrated potential benefits for the treatment of CVD by improving the
accuracy of the osteotomy through the use of an osteotomy guide with or without a patient-mated plate.
This study aimed to present an interesting CVD case involving a patient who was treated with corrective
biplanar Chevron osteotomy using an innovative customized osteotomy guide and a newly designed
patient-matched monoblock crosslink plate created with 3D printing technology.

Methods
A computer simulation was processed using images from computerized tomography(CT) scans of both
upper extremities. The biplanar Chevron osteotomy was designed to create identical anatomy between
the mirror image of the contralateral distal humerus and the osteotomized distal humerus. Next, the
customized osteotomy guide and patient-matched monoblock crosslink plate were designed and printed.
A simulation osteotomy for the real-sized bone model was created.

Results
The operation was performed using the posterior paratricipital approach and the k-wire position from the
customized osteotomy guide as a predrilled hole for screw fixation to achieve immediate control of the
reduction after osteotomy. Our method helped successfully treat the CVD in the case study patient and
significantly improved her radiographic and clinical outcomes with a satisfactory result.

Conclusion
This study showed that the treatment of CVD using 3D printing technology to create an innovative
customized osteotomy guide and a patient-matched monoblock crosslink plate can help accurately
assess and control the CVD correction. To the best of our knowledge, this case report introduces a new
insight for the clinical application of 3D printing technology in the treatment of CVD.

Background
Cubitus varus deformity (CVD) is the most common late complication after supracondylar fracture of
distal humerus in children with a reported incidence of up to 50% [1]. The etiologies of this deformity
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derive mostly from malunion and rarely from avascular necrosis with or without growth arrest of the
medial physis [2], which results in multiplanar deformity (varus, hyperextension, and rotation) [3]. Current
standard treatment of CVD is corrective supracondylar osteotomy of the humerus, and many surgical
correction techniques have been described in the literature [2]. However, previous studies showed that the
conventional corrective osteotomy can result in poor functional outcomes—such as unsatisfactory
correction and residual deformity, especially in horizontal and rotational planes—and lateral condyle
prominence with poor cosmetic appearance [4, 5].
Recently, three-dimensional (3D) printing technology has been continually developing and become one of
the most exciting and fastest growing fields in healthcare due to excellent accuracy that stems from
using preoperative computerized tomography (CT) evaluations and advanced computer software; this
technology enables personalized treatment and introduces wide-ranging potential uses, including in the
clinical application of orthopedic surgery [6]. Regarding the treatment of CVD, previous studies showed
that 3D printing technology is beneficial for preoperative planning [7], designing individualized surgical
guides [8, 9, 10], preparing prebent plates with real-sized plastic bone models [11], and printing patientmatched plates [12, 13]. However, to the best of our knowledge, the application of 3D printing technology
in the treatment of CVD remains limited to designing osteotomy guides for simple techniques, such as
lateral closed-wedge osteotomy, and mostly fixations with conventional implants. Therefore, this study
aims to present the case report of a 32-year-old female with CVD who has been treated with corrective
biplanar Chevron osteotomy using a customized osteotomy guide and a patient-matched monoblock
crosslink plate.

Materials And Methods
Case report
A 32-year-old Thai female presented with left elbow deformity for 24 years. She had a history of injury,
including a fall from a chair at age 6 that resulted in being treated with a conservative method by a
traditional doctor. Afterward, she noticed a progressive gunstock deformity of her left elbow without pain,
numbness, or weakness in her left upper extremities. However, per patient report, due to the appearance of
the deformity, she lacked confidence and did not wear sleeveless shirts or vests. Physical examination of
left elbow showed a 20o varus deformity with elbow range of motion (ROM) as flexion of 125o, extension
of -10o, supination of 85o, and pronation of 80o (Fig. 1). There was no muscle atrophy of the left hand,
and the distal neurovascular status of the left upper extremity was intact. The preoperative radiographs
(Fig. 2) and 3D CT analysis (Fig. 3) showed a 15o varus deformity and 10o hyperextension deformity
without rotational deformity. Therefore, she was diagnosed as having a cubitus varus and recurvatum
deformity of the left distal humerus.
The treatment option for her deformity was discussed. The planned operation was a corrective biplanar
Chevron osteotomy with a customized osteotomy guide and an innovative patient-matched monoblock
crosslink titanium plate (Fig. 4). In this case, we decided to use the 3D printing technology to create the
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customized osteotomy guide and the patient-matched plate due to the effective accuracy of this
technology for osteotomy compared to the conventional technique and due to the better plate profile on
the patient’s anatomy. The customized osteotomy guide was specifically designed for the position of kwire fixation at the same position of the screw holes on the patient-matched plate. Through these
aspects, this specific design can assist the surgeon with bone reduction after osteotomy via application
of the plate through the k-wire position, which has the predrilled hole for screw insertion. Moreover, we
also designed the plate configuration as a monoblock crosslink plate, by placing the plate on the medial
and posterolateral side of the distal humerus with the built-in metal crosslink between both sides. This
plate design would be helpful for the reduction osteotomy due to the easier and better intraoperative plate
position adjustment, compared to the conventional dual plating technique. We also felt the crosslink
would improve the biomechanical property of the plate and the stability after fixation compared to the
separate dual plates, just like in spinal surgery [14]. Therefore, using both the innovative plate design with
these combined advantages and the 3D printing technology would be helpful for the complex osteotomy
operation by reducing the operative time related to the bone reduction step and improving the accuracy of
the osteotomy.
Preparation of customized osteotomy guide and patient-matched monoblock crosslink plate
To fabricate the patient-matched plate and customized osteotomy guide, a simulation of the deformity
correction was done through 3D reconstruction and image processing of DICOM files, taken from CT
scans, via Avizo software (Thermo Fisher Scientific, MA, USA). A corrective biplanar Chevron osteotomy
was planned, as shown in Fig. 4A, to divide the affected bone into 3 separated fragments (Fig. 4B, C). The
distal fragment of bone (dark blue) was then reduced to match the mirrored image of the contralateral
bone (green), as displayed in Fig. 4D. The design of the customized osteotomy guide and the patientmatched monoblock crosslink plate were then developed based on anatomical bone geometry and the
surgeon’s requirements using ANSYS software (Ansys Inc., PA, USA).
The osteotomy guide was designed to fit over the distal surfaces (posterior, lateral, and medial
supracondylar ridge) of the defected bone, except the area over the olecranon fossa (Fig. 4E, F). The
cutting slots and drilling sleeves were designed to match the cutting planes and the plate’s screw holes,
respectively. The patient-specific plate with the monoblock crosslink was designed to fit over the
corrected humerus bone with an overall thickness of 2 mm (Fig. 4G, H). The structural strength of the
plate was also confirmed by finite element analysis.
Upon the surgeon’s approval of the design, the patient-specific implant was 3D-printed by selective laser
melting using medical grade Ti-6Al-4V alloy (Meticuly Co., Ltd., Thailand). Subsequent post-processing
techniques, including surface polishing and sterilization, were performed according to routine standards.
For osteotomy guides and bone models, fused filament fabrication was used for the 3D printing of
biocompatible high-impact polystyrene. The entire fabrication process was certified by the ISO13485
standard for the design, manufacturing, and sterilization of medical devices. Finally, the customized

Page 4/15

osteotomy guide was printed, and the trial osteotomy was simulated on the real-sized plastic bone model
(Fig. 5).
Surgical technique and postoperative care
The operation, a corrective biplanar Chevron osteotomy of the distal humerus, was performed by the
orthopedic trauma expert (PS), who has more than 10 years of experience in orthopedic reconstruction
surgery. The standard posterior paratricipital surgical approach was used. After combined general
anesthesia and an ultrasound-guided supraclavicular nerve block, the patient was placed in the right
lateral decubitus position. A 20-cm posterior midline incision was made (Fig. 6A). The triceps muscle was
exposed, and then the ulnar nerve was identified. The muscle was elevated from the posterior surface of
the distal humerus, and the customized osteotomy guide was placed and fixed with multiple K-wires
(Fig. 6B). After complete osteotomy, the guide and bone blocks were removed (Fig. 6C), and the plate was
inserted under the triceps using the screw fixation based on the predrilled screw holes (Fig. 6D). The
intraoperative flexion/extension ROM was 135o/0o. The intraoperative fluoroscopic images were checked
to confirm the post-reduction alignment (Fig. 6E) before wound closure without nerve transposition. The
total operative time was 116 minutes. The initial postoperative radiographs showed good alignment and
adequate fixation stability in both AP and lateral views (Fig. 6F).
After surgery, the routine postoperative care was pain control with multimodal analgesia and the
application of intermittent cold compressions. Antibiotic prophylaxis was given for 24 hours. The patient
was immobilized with an arm sling for 6 weeks and was allowed to perform active assisted-ROM
exercises of the wrist, elbow, and shoulder joints as tolerated. During admission, she reported only
minimal pain on motion with mild paresthesia on the ulnar side of the left hand. She was discharged
from the hospital 3 days postoperatively and was then scheduled for follow-up visits at the orthopedic
clinic. On the follow-up, the clinical examination showed nearly normal alignment of the left elbow
compared to the right side. The ROM for flexion/extension and pronation/supination of the left elbow
were 130o/0o and 90o/90o, respectively (the right elbow ROM was 130o/0o and 85o/90o, respectively).
The normal sensation had completely returned at 6 weeks, and the osteotomy had healed uneventfully at
3 months postoperatively. The postoperative radiographs demonstrated the improved humerus-elbowwrist angle from 15o varus to 7o valgus (compared to 8o valgus on the right side) (Fig. 7). Through the
last follow-up visit, at 18 months postoperatively, she reported being highly satisfied with the clinical
outcome and did not report feeling any pain, swelling, or implant irritation. Therefore, we did not advise to
remove the implant in this case.
Patient has given informed consent for data allowance and publication. The present study has been
reviewed and approved by the Institutional Review Board at Mahidol University, based on the Declaration
of Helsinki.

Discussion
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Surgical correction of the CVD is one of the most challenging orthopedic reconstruction surgical
procedures due to the need for comprehensive analysis in the distorted anatomy in all planes, including
varus deformity in the coronal plane, hyperextension deformity in the sagittal plane, and internal rotation
deformity in the horizontal plane [3]. Achieving a successful outcome usually requires both an accurate
method for measuring the deformity and a precise surgical method for corrective osteotomy. Therefore,
medical 3D printing technology has fueled new hope for an effective treatment of the CVD. The
technology employs 3D reconstruction based on the CT scanning data and uses computer software and
rapid prototype technology to create a preoperative template, customized osteotomy guide, and patientmatched implant. Especially promising is that the technology enables highly accurate control of the plane
and the angle of the osteotomy, resulting in higher overall operating accuracy and a lower risk of
complications.
Regarding the development of a customized osteotomy guide for the CVD, Murase et al. first reported
performing a 3D corrective osteotomy on 22 patients with malunited fractures of the upper extremities
(including 4 cases with CVD) by using the custom-made osteotomy template and the reduction guide.
The custom-made osteotomy was designed to be placed on the bone surface of the lateral side of the
distal humerus metaphysis and fixated with k-wire. Then, the closed-wedge osteotomy was performed by
cutting through a slit on the template and using the reduction guide to align the bone [15]. Since then,
many researchers have tried to develop an individualized navigation template for the lateral closed-wedge
osteotomy for the CVD [9, 16, 17] and showed the advantages of this technique with respect to
determining the osteotomy angle, osteotomy plane, and rotational angle. In this study, we innovatively
designed the customized osteotomy guide to place on the posterior surface of the distal humerus due to
the need for a posterior slit for the biplanar Chevron osteotomy. Although this design might be larger than
the previously mentioned lateral-side template, our customized osteotomy guide provides predrilled holes
for medial plate placement, resulting in easier placement of the 3D patient-matched plate in the later
steps. Moreover, the osteotomy through a posterior slit would better minimize the risk of ulnar nerve injury
compared to an osteotomy through a lateral slit.
Concerning the development of the patient-matched plate for the CVD, there were only two studies—one
by Omori et al. [12] in a cadaveric study and the other by Oka et al. [13] in a prospective multicenter study.
In these studies, both patient-matched plate designs were made from titanium and placed on the lateral
side of the distal humerus. Although there was no control group in the prospective study by Oka et al, they
showed that the patient-matched implants resulted in highly accurate correction with an average residual
maximal deformity angle of 3.3o and an average 3D correction error of < 1.0o and < 1 mm, with high
patient satisfaction and no serious complications.
Our study also has some limitations. First, although the present study has demonstrated a successful
outcome, there was only one case in our report and no control group. Therefore, the result of this study
cannot directly compare with the techniques in the previous literature. In addition, our results did not
explore the actual benefits of the crosslink design. However, we believe our method is reliable; like the
methods in the previous studies, our method has high accuracy as well. Second, due to the osteotomy
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and implant design with placement on both the medial and posterolateral surface of the distal humerus,
this method requires the posterior paratricipital approach to provide for a medial and lateral soft tissue
window and elevation of the triceps muscle. However, this posterior approach allows the surgeon to
explore and protect the ulnar nerve, which is safer for patients with the type of severe and complex
anatomy present with CVD. Moreover, the surgical scar on the posterior side resulting from this approach
is more cosmetically acceptable for patients, especially for younger females. Lastly, as with previous
studies using 3D printing technology, this method requires patients to be exposed to radiation from the
CT required for both upper extremities.

Conclusion
This study showed that using 3D printing technology to assist with a customized osteotomy guide and
patient-matched monoblock crosslink plate is an interesting option for the treatment of CVD. The method
was found to provide accurate control of the deformity correction, avoid a prolonged operative time or
unnecessary blood loss, and decrease the risk of postoperative complications.
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Figure 1
Clinical pictures showed the cubitus varus deformity (A and B) and hyperextension (C and D) of the left
elbow in a 32-year-old female.

Figure 2
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Preoperative radiographs from both elbows. AP view of right (A) and left (B) elbows showed humeruselbow-wrist angle of 13o valgus and 15o varus, respectively. Lateral view of the right (C) and left (D)
elbows demonstrated shaft condylar angles of 45o and 35o, respectively.

Figure 3
3D CT analysis with overlapping of the mirror image model from the right humerus (green color) and the
deformed model from the left humerus (blue color). Anterior view shows a 15-degree varus deformity (A),
lateral view shows a 10-degree hyperextension deformity (B), and axial view shows no rotational
deformity (C).
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Figure 4
Preparation of the customized osteotomy guide and patient-matched plate. The biplanar Chevron
osteotomy was designed (A), and the osteotomy block in AP (B) and lateral views from medial (*) and
lateral (•) were demonstrated. The reduced bone model after osteotomy (dark blue color for the distal
fragment and light blue color for the proximal fragment) was matched with the mirror model from the
right humerus (green color). The customized osteotomy guide (E–F) and the patient-matched monoblock
crosslink plate (G–H) were made by using the same holes for k-wire and screw fixation.
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Figure 5
Simulation osteotomy. The customized osteotomy guide after placement on the real-sized plastic bone
model (A), the model after being cut following the fixation of the customized osteotomy guide with k-wire
(B), the separated bone model fragment after simulation osteotomy (C), and the bone model after
reduction and the application of the patient-matched monoblock crosslink plate (D).
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Figure 6
Intraoperative surgical techniques with intraoperative and initial postoperative images. The surgical
method was the posterior approach in the lateral decubitus position (A). The customized osteotomy
guide was placed and fixed after elevation of the triceps muscle and the identification of the ulnar nerve
(yellow vessel loops) (B). The osteotomy was performed, and the bone blocks were removed (C).
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Figure 7
Postoperative radiographic and clinical outcomes. The 3-month postoperative radiographs of both
elbows in AP (A) and lateral (B) views showed nearly anatomical alignment of the left elbow compared
with the right elbow. The 3-month postoperative clinical examination revealed the nearly identical
alignment of both elbows (C) with the same flexion/extension (D) and pronation/supination (E) ROM.
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