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Oblique Lateral Closing-Wedge Osteotomy for Cubitus Varus in
Skeletally Immature Children: A Case Series

Santosh D Ghoti', Rajath S Shetty’, Jaideep Das, Sagar A Jawale', Dipak P Shisode’, Ajit S Rathod'

Learning Point of the Article:
Oblique lateral closing wedge osteotomy is a simple, safe, and effective technique for correcting pediatric cubitus varus, providing reliable
deformity correction with good functional and cosmetic outcomes while minimizing complications.

Introduction: Cubitus varus is the most common late complication following displaced supracondylar fractures of the humerus in children and
is primarily caused by malunion. Although often considered cosmetic, it may lead to functional impairment and long-term complications.
Corrective osteotomy remains the standard treatment, with multiple techniques described. This study evaluates the clinical and radiological
outcomes of oblique lateral closing wedge osteotomy in pediatric patients.

Case Series: This case series includes five pediatric patients (2 males, 3 females; mean age 7.6 years) with post-traumatic cubitus varus
deformity who underwent corrective osteotomy using the oblique lateral closing wedge technique. All patients were operated on at least 1 year
after the initial injury. The mean preoperative angle of correction was 25.2° (range: 20-40°). Fixation was achieved using lateral-entry Kirschner
wires. At 1-year follow-up, all patients demonstrated radiological union, restoration of carrying angle comparable to the contralateral side, and
good to excellent functional outcomes based on the Mayo Elbow Performance Score.

Conclusion: Oblique lateral closing wedge osteotomy is a simple, safe, and reproducible technique for correcting cubitus varus deformity in
children. It provides reliable deformity correction, satisfactory functional outcomes, and improved cosmetic alignment while minimizing
complications. This represents a preliminary case series evaluating the technique and warrants validation in larger studies.

Keywords: Cubitus varus, supracondylar fracture, osteotomy, pediatric, humerus, Kirschner wire.

Introduction Malunion may result from (1) inadequately treated or untreated

Supracondylar fractures of the humerus are the most common
pediatric elbow injuries [1,2,3], with a peak incidence around
5-7 years of age. Cubitus varus is the most common late
complication of displaced supracondylar fractures in children,
with a reported incidence ranging from 3% to 58% [4]. It is also
called gunstock deformity. Although trochlear avascular necrosis
or physeal growth disturbances may contribute to progressive
deformity, the most common cause is malunion [S].

fractures, (2) loss of reduction in conservatively treated patients,
(3) inadequate fixation in surgically treated patients, and (4)
medial column comminution leading to late collapse into varus
(6].

The deformity consists of three components: Varus
malalignment, hyperextension, and internal rotation.
Hyperextension may remodel in children younger than 10 years,
and internal rotation is usually compensated by shoulder
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Figure 1: Initial template of the osteotomy site. The angle of correction in
this example is 24°. The pathologic joint surface is noted inferiorly by a
dotted line. P - proximal osteotomy, D - distal osteotomy, and d - distance
between Kirschnerwires designating lateral entry for osteotomy cuts.

movements. However, varus deformity does not remodel
and requires corrective osteotomy.

Uncorrected cubitus varus maylead to complications such
as lateral condylar fractures [7], posterolateral rotatory
instability [8], snapping medial triceps, and ulnar nerve
instability [9].

Various osteotomy techniques have been described,
including lateral closing wedge, three-dimensional
osteotomy [10], step-cut osteotomy [11,12], dome
osteotomy, and distraction osteogenesis. The oblique
lateral closing wedge osteotomy offers the advantage of
correcting deformity while minimizing lateral condylar
prominence withoutincreasing surgical complexity.

Materials and Methods

This case series was conducted at a tertiary care hospital
between October 2024 and September 2025. All patients
were operated on at least 1-year post-trauma to rule out
growth disturbances as a cause for the deformity. The
study included 2 males and 3 females with an age at the
time of corrective surgery ranging from 4 years to 10 years

(average 7.6 years).

Informed consent was obtained from all patients’ guardians for
the use of clinical dataand images.

This study is presented as a preliminary case series aimed at
demonstrating feasibility and reproducibility rather than
establishing definitive clinical superiority.

Due to the small sample size, formal statistical analysis was not
performed, and results are presented descriptively.

Inclusion and exclusion criteria

Patients with significant cubitus varus deformity (carrying
angle exceeding 5—-10° of varus) with potential for late sequelae,
skeletally immature patients at least 1 year post-trauma to rule
out growth disturbances were included. Patients with skeletal
maturity were excluded.

Functional outcomes were assessed using the Mayo Elbow
Performance Score (MEPS), a validated scoring system
evaluating pain (45 points), range of motion (20 points),
stability (10 points), and function (25 points), with a total score
of 100. Outcomes were graded as excellent (>90), good
(75-89), fair (60-74),and poor (<60).

Pre-operative planning

Before surgery, a detailed geometric assessment of both the

Figure 2: (a,b, ¢, d, ¢, f) Sequential fluoroscopy images of oblique lateral closing wedge
osteotomy.
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Figure 3: 10-year-old male with cubitus varus deformity with an angle of correction of 24° (case

Wrist) angle of both limbs, then draw a V-
shaped osteotomy with this angle, placing its
apex on the medial distal humeral cortex just
above the medial epicondyle and adjusting it so
the distal cut lies above the olecranon fossa and
the proximal cut is equal or longer, while
ensuring the distal cut is oblique to the joint line
tominimize lateral prominence (Fig. 1).

Intra-operative procedure

Position the patient supine with the elbow on a
hand table, arrange the C-arm fluoroscopy, and
apply a tourniquet. Expose the distal humerus
through a standard lateral approach, incise the
periosteum, and perform subperiosteal
elevation while preserving the medial periosteal
sleeve.

Under fluoroscopic guidance, insert the first
Kirschner wire (preferably distal) from lateral to
medial at the planned osteotomy site. Place the
second wire at a premeasured distance and angle
corresponding to the AOC using a goniometer,
ensuring safe placement relative to the ulnar
nerve. Finally, insert two slightly divergent
retrograde Kirschner wires through the lateral
column in a near-vertical direction, stopping
short of the distal osteotomy cut (Fig. 2 a, b, ¢).

Perform the osteotomy using an oscillating saw
or osteotome along the Kirschner wires,

1). (a and b) Pre-operative anteroposterior and lateral view X-rays of the right elbow, (c) pre- keeping the cut per Pendiaﬂar to the distal
operative clinical picture of the cubitus varus deformity, (d and e) intra-operative clinical picture of humeral axis to avoid flexion or extension

osteotomy, (f) fluoroscopy image of final shoot, (g) immediate post-procedure correction of deformity, and preserve a small medial cortical

deformity, (handi) post-operative anteroposterior and lateral view X-rays of the right elbow.

affected and unaffected limbs should be performed to plan the
osteotomy. On clinical examination using a goniometer, assess
the range of motion (especially elbow flexion and extension),
compare the carrying angle of both upper limbs, evaluate ulnar
nerve stability,and document the baseline neurovascular status.

Radiographically, measure and compare the HEW (Humerus
Elbow Wrist) angle and Baumann angle of both sides. The
osteotomy should be planned to correct the angular difference
between the affected and normal limb. It is important to ensure
proper anteroposterior (AP) radiograph positioning with the
elbow in neutral and the forearm fully supinated, as any flexion
or extension deformity can alter the apparent HEW (Humerus
Elbow Wrist) angle.

Using the AP elbow radiograph, calculate the angle of
correction (AOC) by comparing HEW (Humerus Elbow

hinge to protect the periosteum and ulnar nerve.
Finally, remove the osteotomy guide wires.

Reduce the osteotomy by gently flexing the elbow and
pronating the forearm, then confirm alignment on AP and
lateral fluoroscopy. Advance the preplaced lateral K-wires
across the osteotomy into the proximal fragment, add a third K-
wire for stability, and reconfirm fixation. Finally, irrigate and
close the wound with the elbow at 90°, cut and bend the wires
outside the skin, and apply sterile dressings (Fig. 2d, e, f).

Post-operative care

Immobilize thelimb in the above elbow slab at 90° elbow flexion
with neutral forearm rotation. At 1 week, check radiographs and
replace with a cast. Radiographs were repeated at 4 weeks to
assess callus formation, ifadequate callus was observed, K-wires
were removed, and a gradual elbow range of movements was
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started. If callus formation was inadequate, the cast was
continued for an additional 2 weeks.

Patients were followed up regularly for a minimum duration of 1
year to assess radiological union, maintenance of correction,
and functional outcomes.

Case Series

All patients followed a standardized post-operative protocol
involving immobilization in an above-elbow cast for 4 weeks
(except one patient who required an additional 2 weeks of
immobilization), followed by K-wire removal and initiation of
elbowrange-of-motion exercises.

Casel

A 10-year-old male presented with cubitus varus
deformity with an AOC of 24°. Adequate intraoperative
correction and stability were achieved using three K-
wires. At 1-year follow-up, complete union of the
osteotomy was observed with a MEPS score of 95
(excellent outcome) (Figs.3,4).

Case2

An 8-year-old female with an AOC of 22° underwent
corrective osteotomy with satisfactory intraoperative
correction using three K-wires. At 1-year follow-up, the
patient demonstrated a MEPS score of 90 (excellent
outcome) with good functional recovery, satisfactory
cosmetic correction, and radiographic union.

Case3

A 4-year-old male with a deformity requiring 20°
correction underwent corrective osteotomy with
fixation using two K-wires. At 1-year follow-up, the
patient achieved a MEPS score of 92 (excellent
outcome) (Fig. 5).

Case4

A 10-year-old female with a 20° deformity underwent
corrective osteotomy with fixation using three K-wires.
Radiographs at 4 weeks showed inadequate callus
formation; therefore, immobilization was continued for
an additional 2 weeks. At 1-year follow-up, the patient =
demonstrated a MEPS score of 88 (good outcome). B

(AOC 40°) and was treated with corrective osteotomy using
two K-wires. The patient developed a superficial pin-tract
infection, which was managed conservatively. At 1-year follow-
up, the patient achieved a MEPS score of 85 (good outcome)
despite a superficial pin-tractinfection.

Results

All patients achieved radiological union and restoration of
carrying angle comparable to the contralateral side at 1-year
follow-up. Functional outcomes assessed using the MEPS
showed excellent results in three patients and good results in
two patients. The mean MEPS score was 90 + 3.8 (range:
85-95). No cases demonstrated instability, recurrence of

Figure 4: 1-year follow-up X-rays and elbow range of motions. (a and b) 1-year follow-

Case$S

up X-ray right elbow anteroposterior and lateral views, (c and d) follow-up clinical
picture showing pronation and supination, respectively, (e and f) follow-up clinical

A 6-year—01d female presented with a severe deformity picture showing elbow extension and elbow flexion, respectively.

Journal of Orthopaedic Case Reports | Volume 16 | Issue 5 | May 2026 | Page 502-508



2, etal

www.jocr.co.in

Figure S: 4-year-old male with a deformity requiring 20° correction underwent corrective osteotomy (case 3).
(a and b) Pre-operative X-rays, right elbow anteroposterior (AP) and lateral views, (c and d) pre-operative
planning of the angle of correction, (e and f) immediate post-operative X-rays, right elbow AP and lateral views,
(g) intra-operative fluoroscopy showing the osteotomy level, (h and i) 6-month follow-up X-ray, right elbow

AP andlateral views.
deformity, or major complications.

Cosmetic outcomes were also satisfactory in all patients based
on carrying angle correction, consistent with Flynn’s criteria.

No patient demonstrated residual deformity, instability, or
functional limitation at final follow-up (Table 1).

Discussion

Cubitus varus deformity following supracondylar fractures is
primarily the result of malunion and requires corrective
osteotomy, as the varus component does not remodel.

Although previously considered a
cosmetic deformity, it is now
recognized to be associated with
significant long-term complications
such as lateral condylar fractures,
posterolateral rotatory instability, and
ulnar nerve pathology [7,8,9].
Therefore, surgical correction is
recommended in patients with
significant deformity.

The ideal osteotomy technique should
be simple, reproducible, safe, and
capable of achievingreliable functional
and cosmetic outcomes. Early
corrective osteotomy techniques for
cubitus varus were described in the
literature [13,14], and since then,
multiple methods have evolved. The
conventional lateral closing wedge
osteotomy remains widely used due to
its technical simplicity and predictable
results, with studies reporting
satisfactory correction and reliable
union [15-19]. However, it is associated with lateral condylar
prominence and may require cross K-wire fixation, increasing
therisk of ulnarnerve injury [12].

The French osteotomy and its modifications provide stable
fixation using screws and tension band constructs, with good
long-term outcomes [18]. However, these techniques require
hardware implantation, possible secondary removal
procedures, and do not consistently address lateral condylar
prominence.

More complex osteotomies have been developed to overcome

Table 1: Patient demographics, surgical details, and 1-year functional outcomes

Case (ytffs) Sex AOC (°) Fixation MﬁP}ISe:f_())re (();/[tl?](l):;; Complications
1 10 M 24 3 K-wires 95 Excellent None
2 8 F 22 3 K-wires 90 Excellent None
3 4 M 20 2 K-wires 92 Excellent None
4 10 F 20 3 K-wires 88 Good Delayed callus
5 6 F 40 | 2 K-wires 85 Good | >uperficial pin-tract
infection
AOQOC: Angle of correction, MEPS: Mayo Elbow Performance Score outcomes graded as.
Excellent (>90), good (75-89), fair (60-74), poor (<60)
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these limitations. Three-dimensional osteotomies, including
computer-assisted techniques, provide accurate deformity
correction [10]. However, correction of internal rotation may
not be necessary and may compromise stability due to reduced
bone contact, while hyperextension often remodels in younger
children [16]. These techniques are also resource-intensive and
less practicalin routine clinical settings.

Step-cut osteotomies offer improved intrinsic stability and
better control over fragment translation, reducing lateral
prominence [11,12]. However, they are technically demanding
and increase operative time, limiting their routine use. Similarly,
dome and isosceles triangular osteotomies allow multiplanar
correction with improved bone contact but are less
reproducible and technically more complex[6,17].

Systematic reviews suggest that no single osteotomy technique
is superior, and the choice should balance technical complexity
with clinical outcomes [15]. Complications such as nerve
injury, loss of correction, and infection remain concerns across
allmethods [12].

In this context, the oblique lateral closing wedge osteotomy
offers a distinct advantage by combining simplicity with
improved cosmetic outcomes. The oblique orientation allows
simultaneous angular correction and medial translation of the
distal fragment, thereby minimizing lateral condylar
prominence without increasing surgical complexity.

This technique can be performed through a standard lateral
approach without extensive dissection or specialized
instrumentation, making it reproducible even in low-resource
settings. Furthermore, lateral-entry K-wire fixation avoids
medial pin placement, reducing the risk of ulnar nerve injury
[12,18].

In our series, all patients achieved satisfactory correction,
restoration of carrying angle, and near-normal range of motion,
with minimal complications. Functional outcomes assessed
using MEPS were good to excellent in all cases, and cosmetic
outcomes were also satisfactory, consistent with Flynn’s criteria.

These findings are comparable to those reported with both
conventional and advanced osteotomy techniques, supporting
the effectiveness of this method.

While various osteotomy techniques exist, the present study
highlights a practical modification using an oblique lateral cut
that allows simultaneous angular correction and medial
translation, thereby reducing lateral condylar prominence
without increasing technical complexity. This makes the
technique particularly suitable for resource-limited settings,
where advanced instrumentation or implants maynot be readily
available.

Thus, the oblique lateral closing wedge osteotomy provides an
optimal balance between simplicity, safety, and clinical
outcomes, making it well suited for the routine management of
cubitus varus deformity in children.

Limitations

This study has several limitations, including a small sample size,
lack of a control group, and absence of statistical analysis.
Although patients were followed for 1 year, longer follow-up is
required to assess growth-related changes, recurrence of
deformity, and late complications. In addition, as a single-center
case series, the findings may not be generalizable.

Conclusion

Oblique lateral closing wedge osteotomy is a simple, safe, and
reproducible technique for correcting cubitus varus deformity
in children. It provides reliable deformity correction with
sustained results at 1-year follow-up, good functional outcomes,

and improved cosmetic alignment while avoiding the

Phbiqoe lapeiah diosiale obed gesestetitonph proged estudizblare
coecddn of cubitus varus with minimal complications and should
be considered a practical technique in pediatric patients.
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