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Abstract
Various osteotomymethods have been proposed in the treatment of cubitus varus. We designed an improved stepped osteotomy to
achieve improved deformity correction. We refer to this new approach as double-closed wedge broken-line osteotomy and report a
series of clinical and imaging results (deformity correction, range of motion [ROM], function, osteotomy healing, and complications) of
patients with cubitus varus treated with this technique.
Between July 2014 and July 2019, we treated 9 cases of cubitus varus using the new technique. The study was conducted in

accordance with the principles of the Declaration of Helsinki, and the study protocol was approved by the ethics committee of
Shenzhen Children’s Hospital. We obtained written parental consent for the minors before the study was begun. We compared
preoperative and postoperative clinical and imaging parameters (humeral elbow-wrist angle, elbow ROM) in all patients.
Postoperative evaluation was performed by telephone interview and outpatient review. The median follow-up was 23.2months
(range, 3–63months).
The median humeral elbow-wrist angle modified from �14.27 to 15.15. The median clinical and imaging parameters after

correction of deformity were not different from that of the normal side. Using our rehabilitation program, all patients recovered
preoperative elbow ROM at the last follow-up.
Our double-closed wedge broken-line osteotomy has a larger cancellous bone contact surface. The deformity correction is

satisfactory, the osteotomy healing is reliable, and the incidence of complications is low.
Level of Evidence: Level IV.

Abbreviations: HEW = humeral elbow-wrist angle, LPI = lateral condylar protrusion index, ROM = range of motion.
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1. Introduction

Angular and rotational malunion, especially after supracondylar
fractures of the humerus, is a well-known complication that
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develops in children with distal humerus fractures. Lateral
condyle fractures are also associated with varus or valgus
deformity due to epiphyseal growth disturbance or malunion.
These deformities are usually associated with rotational
malalignment.[1] The deformity is thought to include extension
and varus malalignment, and internal rotation.[2–4]

Among children with supracondylar fractures, the incidence of
multiple malalignments is relatively high (50%),[1] while the
incidence of cubitus varus is between 9% and 57%.[5,1,6] More
effective new methods have been used to treat these fractures and
can greatly reduce complications.[3] Although complications after
fracture rarely affect upper limb function, the aesthetic appear-
ance of deformities is often unacceptable for families.[7,3,8]

Previously, due to the high incidence of complications of valgus
osteotomy, such as stiffness, loss of reduction at osteotomy,
infection, ossifying myositis, and neurovascular injury, orthope-
dic osteotomy has rarely been performed.[7,9] Presently, an
increasing number of osteotomies and fixation methods have
been proposed to correct cubitus varus deformity.[10–13] As
described by DeRosa and Graziano,[14] stepped osteotomy is
currently one of the most popular orthopedic osteotomies.
Following wedge removal and closure, a screw was used for
fixation. Although it can effectively correct varus malalignment,
distal lateral displacement is a common complication of this
technique, affecting the appearance after osteotomy.[1,2,14]

A new modification of the classic wedge step osteotomy not
only corrects this deformity but also creates a larger area of
contact for early healing after rigid fixation. We describe our new
technique and report clinical and radiological results. We
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Figure 1. (A) Preoperative radiograph of the healthy elbow. (B) Radiograph of the affected elbow before surgery. (C) Comparison of the antero-posterior view and
lateral view of the X-ray images on the principle of mirroring, and we calculated the temporary correction angle of the humeral osteotomy angle at the affected side,
taking into account the correction required on the basis of the comparison of HEW and LPI on both sides. (D) Postoperative radiograph of the affected elbow joint,
elbow eversion has been completely corrected. (E) Humerus osteotomy picture during operation. HEW = humeral elbow-wrist angle, LPI = lateral condylar
protrusion index.
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evaluated humeral elbow angle, range of motion (ROM),
Baumann angle, and complications. The overall results were
determined by interviews.[15]

We refer to this new approach as double-closed wedge broken-
line osteotomy and report a series of clinical and imaging results
(deformity correction, ROM, function, osteotomy healing, and
complications) of patients with cubitus varus treated with this
technique.
2. Surgical technique

After induction of anesthesia, the patient was placed in a supine
position. First, a longitudinal incision was made along the lateral
side of the distal humerus with a length of approximately 4cm.
Under the protection of the growth plate, the distal humerus “L”-
shaped osteotomy was performed with an electric drill and
electric saw along the upper part of the elbow capsule attachment
point and above the plane of the humerus olecranon fossa. The
second triangular bone mass was removed from the planned
proximal lateral humerus to match the proximal lateral humerus
with the distal lateral humerus. Proximal wedge osteotomy was
performed to the obtain the planned corrective angle and the
posterior part of the osteotomy for adequate correction. Using
Figure 2. Children’s elbow ROM was good at 3
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the X-ray image intensifier, we confirmed the correct position of
the Kirschner wires. We passed the guidewire through the
proximal bone cortex. After inserting a washer, a 3.0mm hollow
screw was inserted over the guide wire. Finally, the affected limb
was immobilized in functional position by application of a plaster
cast (Figs. 1 and 2).
The osteotomy was fixed with 2 Kirschner wires. Then, we

examined the angle of the saw, medial and lateral processes, and

elbowROM. To obtain a firm fixation, we used a break-block lag
screw through the spike and corresponding incision. Two weeks
postoperatively, the suture were removed, and ROM practice
began. The children were protected with splints until radiologic
and clinical healing occurred.
3. Patients and methods

The study was conducted in accordance with the principles of the
Declaration of Helsinki, and the study protocol was approved by
the ethics committee of Shenzhen Children’s Hospital. We
obtained written parental consent for the minors before the study
was begun. From 2014 to 2019, we treated 9 patients with
cubitus varus deformity, including 6 boys and 3 girls, all of whom
underwent double-closed wedge step osteotomy (Table 1). The
mo after operation. ROM = range of motion.



Table 2

Table 1

???.

Number Age (yr) Gender
Preoperation Postoperation

HEW (°) LPI% Baumann (°) HEW (°) LPI% Baumann (°)

1 8 Male �15.1 �4.9 92.85 11.46 31.0 68.7
2 5 Female �29.36 �26.9 98.47 5.58 30.9 73.11
3 3 Male �19.32 �14.7 85.83 13.89 22.7 66.05
4 9 Male �10.09 �6.7 75.6 11.79 16.5 69.07
5 7 Male �6.63 9.8 66.71 12.48 9.6 57.13
6 7 Male �13.7 �11.7 89.86 18.27 16.8 54.5
7 6 Male �7.6 �5.9 91.78 19.42 7.8 64.9
8 5 Female �10.44 0.02 86.23 21.13 3.8 68.81
9 7 Female �16.15 �2.5 86.54 22.35 27.4 58.44

HEW = humeral elbow-wrist angle, LPI = lateral condylar protrusion index.
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median age of the patients was 6.33years. The median follow-up
was 23.2months (range, 3–63months). The reason for the
patient’s orthopedic outpatient visit was an unacceptable
deformity rather than a functional problem of the elbow, such
as ulnar nerve paralysis or elbow instability.
We compared the angle and lateral condylar protrusion index

(LPI) of the affected and healthy sides to determine the patient’s
correction angle. We compared the 2 sides of the X-ray on the
principle of mirroring and calculated the correction degree of
the humeral osteotomy angle of the affected side, taking into
account the correction required based on the comparison of
humeral elbow-wrist angle (HEW) and LPI on both sides.
Additionally, the intraoperative distal fragment displacement
was calculated to correct the lateral protrusion, and the surgery
was performed according to the abovementioned surgical
technique.
We evaluated all patients postoperatively until maximum

elbow ROM was achieved, and healing was complete without
any complications. The patients were followed up at 1, 6, and 12
weeks postoperatively and once every 3months. At each follow-
up, the elbow X-ray was performed to check for progress in
osteotomy healing, and elbow ROM was examined using an
angle-measuring instrument.
We used SPSS 21 in the descriptive and statistical analyses. To

compare 2 dependent means of variables in patients, we used the
paired t-test. A P-value < .05 was considered statistically
significant.
???.
No. of patients 9
Age∗ (yr) 6.33
Sex
Male 6
Female 3

Preoperative data∗
HEW �14.27±2.336
LPI �7.05±3.405
Baumann angle 85.94±3.180

Final follow-up data
HEW 15.15±1.829
LPI 18.5±3.382
Baumann angle 64.5233±2.124

P <.001
Refracture 0
Duration of follow-up (m) 23.2 (3–63)

HEW = humeral elbow-wrist angle, LPI = lateral condylar protrusion index.
P:
4. Results

Radiographic elbow alignment improved in this series of patients.
The median HEW angle improved from �14.27° to 15.15°. The
difference in the HEW angle between the preoperative and
postoperative periods was significantly different (P= .00). The
preoperative median Baumann angle was 85.94° (range, 66.71°–
98.41°). The postoperative median Baumann angle was 64.52°
(range, 54.5°–73.11°). The median postoperative LPI was 18.5
(range, 3.8–31) compared with the median preoperative value of
�7.05 (range, �26.1 to 9.8) (Tables 1 and 2). The median LPI
(P= .003) after correction of the deformity was significantly
different from that before correction.
All patients achieved completed bone union at 2months

postoperatively, good alignment, and desired ROMof the elbow.
No patient had ulnar nerve palsy and wound problems. No
patient suffered from hypertrophic scarring.
3

5. Discussion

There are various methods of osteotomy in the treatment of
cubitus varus deformity. We designed an improved stepped
osteotomy to achieve better deformity correction. We describe
this new technique and report a series of clinical and imaging
results in patients who have been treated with this technique for
cubitus varus correction.
Different osteotomy techniques have been proposed for

correction of cubitus varus. The main methods include closed
wedge,[13,16] dome,[4,17] simple step cutting,[14] step cutting
translation,[7,8] lateral invaginating peg,[18] and 3-dimensional[19]

osteotomy. In stepwise translational osteotomy as described by
Kim et al,[18] the outer surface of the distal segment is in contact
with the osteotomy site. Considering this problem and the fact
that the lateral side is the tension side in the daily activities of the
distal radius, this osteotomy may lead to delayed healing.[20]

Additionally, the technique described by Kim et al had more
technical requirements.[8] A simple stepped osteotomy or simple
lateral closed wedge osteotomy is detrimental to the lateral
condyle of humerus. In a simple step incision osteotomy,[14] the
authors noted that this protrusion is exacerbated by atrophy of
the muscle tissue postoperatively. A previous study[18] overcame
this problem by invading the proximal nail of the bone marrow.
Dome osteotomy allows the distal fragments to be reoriented in
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the coronal and horizontal planes. However, due to the
contraction of the surrounding soft tissue, the rotation of the
distal fragments in the coronal plane is often difficult, so the
condyle still protrudes.[8] Three-dimensional osteotomy[19] may
be associated with neurological paralysis or myositis. Siris first
corrected lateral closure wedge osteotomy in 1939,[21] which led
to the development of many other techniques.
Our osteotomy method is based on wedge-shaped osteotomy,

and the main improvements are as follows: (1) Medial humeral
cortical continuity is retained to form a stable medial humeral
anchored structure to reduce lateral displacement of the humeral
fracture end postoperatively. (2) A wedge-shaped osteotomy is
added to the lateral side of the humeral fracture end to fit into the
distal humeral osteotomy groove, increase the contact area of the
fracture end to promote healing, reduce lateral displacement of
the humeral fracture end, and increase stability. Therefore, our
osteotomy method has clear advantages over the original
osteotomy method. Clinical data show that it can effectively
correct cubitus varus deformity. However, the disadvantage of
this technique is that bone resection is larger than those in some
techniques, such as step-cut translational,[8] transverse closing
wedge,[20] or dome[22–24] osteotomy. However, according to
Gong et al,[25] shortening of the humerus was not clinically
detectable in most cases after corrective osteotomy for cubitus
varus.
In clinical practice, a large number of patients will experience.

This situation requires clinicians to conduct in-depth discussion,
reflection, and improvement. In our osteotomymethod, there was
no significant loss of our correction angle. Generally, we believe
that the angle loss after orthopedic surgery is caused by the
following reasons: the medial soft tissue usually underwent
contraction due to long-term varus malalignment, which causes
varus forces at the medial aspect of the osteotomy in the
postoperative period, and may result in loss of corrective angle
postoperatively. Several complications have been described after
corrective supracondylar osteotomy: internal rotation deformity
may persist or recur, and this may cause tardy ulnar nerve
palsy.[26] We hypothesize that it is sufficient to advance the ulnar
nerve during osteotomy if there are preoperative symptoms
indicative of onset of tardy ulnar nerve palsy.[8] None of our
patients developed ulnar nerve palsy preoperatively, and even
patients without corrective internal rotation did not have delayed
ulnar nerve palsy.
Avulsion fractures of the lateral humerus, and distal humerus

fractures, and supracondylar fractures of the humerus have been
reported.[27–30] Davids et al[27] suggested that varus positioning
may increase the tension and shear force on the lateral aspect of
the distal humerus because of the normal extension of the upper
arm. In a growth plate fracture, healing thickens the fracture site,
thereby protecting the area from further damage, but the growth
plate becomes weak. Internal rotation hardly increases the risk of
re-fracture.[7]

Our modified step-cut osteotomy can be a reasonable
alternative for correction of cubitus varus deformity, with
satisfactory deformity correction, reliable healing of the
osteotomy, and low complication rates.
Our retrospective study has some limitations. There is a small

number of patients in the series. Fortunately, methods of distal
humeral fracture management have improved, and these
deformities are now rare. The short-term follow-up and lack
of a control group were also problems that need to be solved.
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