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Abstract

Objective: This study Outlines the technique and evaluates the functional outcome of modified step cut 3 D
osteotomy for pediatric post traumatic cubitus varus deformity avoiding drawbacks of biplanner osteotomy
like residual deformity, lateral prominence, loss of fixation and ulnar nerve palsies.

Patients and methods: 24 cases (18 boys and 6 girls) suffered from post traumatic cubitus varus deformity
due to mal-united supracondylar fracture humerus. Age ranged from 3 to 13 years old (mean 5 years old).
Mean management time was 3.3 years (1.5-6 years) after the injury using a modified step-cut 3 D osteotomy.
The average follow-up period was 2 years (1-3.5 years). Objective assessment included measurement of
preoperative and postoperative lateral prominence index, carrying angle and range of elbow motion. Results
were graded excellent, good or poor according to the Oppenheim criteria.

Results: There were 18 excellent, 5 good and 1 poor result. A residual varus of 5° was seen in the single patient
with poor result. None of the patients showed a prominent lateral humeral condyle or formation of hypertrophic
scar.

Conclusion: A modified step-cut 3 D osteotomy is a safe and simple osteotomy which prevents lateral
prominence and provides excellent outcomes in most of the patients. The modified step-cut osteotomy
procedure, was superior to the conventional lateral closing wedge osteotomy regarding the lateral humeral
condyle prominence, less scaring and better cosmoses.

INTRODUCTION:

Pediatric posttraumatic cubitus varus is a major cosmetic concern for parents, despite warnings about possible
complications , they are still opt for surgical correction.(1) correction should therefore be devoid of major
complications and produces consistent results.(2) Various osteotomies have were described for correction
namely, lateral closing wedge osteotomy , Penta lateral osteotomy, medial opening wedge osteotomy with bone
graft, oblique osteotomy and step cut osteotomy, held with screws and wires.(3) Complications include the
possibility of loss of correction, infection, loss of fixation, stiffness, iatrogenic nerve palsy, brachial artery injury
or aneurysm and lateral condyle prominence (“Z” deformity).(4) Rotations usually do not produce deformity
in the coronal plane.(5) Correction of hyperextension of the distal fragment is necessary for correcting the
range of movements of the elbow.(6) Loss of reduction occurs in older children so rigid fixation by plating
was required .(4) poor cosmetic appearance due to bony prominence of the lateral condylar region may occur.
(7) The cause of prominence is inherent in the design of the osteotomy. Excision of the wedge in a lateral
closing wedge osteotomy leaves two fragments of unequal width. Hinging on the medial cortex while closing
the osteotomy effectively shifts the distal fragments laterally. Since the axis of the forearm is shifted laterally in
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comparison with the axis of the humerus, a Z deformity develops which is usually very obvious in patients were
large angular corrections are needed.(8) The advantage of the 3 D corrective osteotomy is that as the lateral
base of the closed the lateral edge of the triangle is medially translated and fits into the proximal apex of the
triangle so prevents a Z deformity.(8)

Fig. 1. — (A) The radiograph of the cubitus varus side is first traced. (B) The reversed radiograph of the
unaffected forearm. (C) The affected side is superimposed over the unaffected side, and the angle between the
central axes of both the affected and the normal side is the angle of correction.(9)
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Fig. 2. — The lateral prominence index

(LPI) = (AC - BC) _100/AB.(9)
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Fig 4 : ( Oppenheim ) Humero - Ulnar Angle decreased most accurate.(10)
Fig 5 :3 D corrective osteomy of cubitus varus by step cut osteomy of supra condylar humerous.(8)

The preoperative planning is usually made by using two radiographs, acquired at an anteroposterior and lateral
views. The main problem with this 2D-approach relies on the fact that the deformaty is three dimensional,
which makes it very hard to fully correct the bone malformation with information from only two different
angles. since it combined the usual radiographs with a 3D model of the distal portion of the humerus. So it
is possible to determine the corrective angles necessary for the planning of the osteotomy, this software can
simulate surgical approach and give a 3D representation of the postoperative humerus.

Figure 7 : A B C D E F Steps of modified 3 D corrective osteotomy and medial translation performed using the
simulation of the osteotomy until the final postoperative result is achieved: (A) Correspond the bone after
performing the intersect, (B) Forming applying the lateral cut angle, (C) Doing the cutting angle, (D) The bone
after rotating it according with the internal rotation of the distal deformity, (E) Corresponds to the bone after

the translation is applied, and finally (F) is the final appearance of the bone, with distal and proximal parts
joined together.(10)

American Research Journal of Orthopedics and Traumatology Page 3



Three Dimensional corrective osteotomy of cubitus varus by modified step cut osteotomy of supra
condylar humerus

PATIENTS AND METHODS: PROP PLANNING THEN SURGICAL TECHNIQUE

Preoperative clinical assessment included measurement of the carrying angle in full extension was calculated
on both sides in all patients clinically using a goniometer. The preoperative range of motion of the affected limb
was measured using the goniometer must be near normal range and the status of the limb and complications
like cosmetic issues, pain, instability, neurovascular issues and loss of motor power were assessed.

Anterior and lateral radiographs of the affected extremity and unaffected side were taken with elbow in full
extension and forearm in full supination. Carrying angle (Humerus-Elbow-Wrist angle) was calculated on both
sides and the angle of correction was estimated. Humeral-ulnar wrist angle (Oppenheim’s angle) (11) has been
considered as the most accurate representation of the carrying angle of the elbow, was selected as the index
to measure the correction achieved. The lateral prominence index (LPI) was calculated (using the method
described by Wong et al. (12) on the affected side as the difference between the measured medial and lateral
widths of the bone from the longitudinal midhumeral axis and was expressed as a percentage of the total width
of the distal humerus. CT and 3 D CT radiographs of the distal humerus of both upper limbs and assembly of 3
planner wedge corrective osteotomy were planned as template.

Atemplate of the distal humerus with its deformity is obtained on a plain sheet of paper and the Humeral-Ulnar-
Wrist angle is measured. The valgus angle on the normal elbow is also measured and the difference between the
two carrying angles is measured. Patients in whom the difference in the Humerus-Elbow-Wrist angle between
the affected and contra-lateral limbs was at least 20° and the parents wanted correction of the deformity were
managed by supracondylar humerus osteotomy. All the patients, after an informed consent, were operated by
a modified step-cut osteotomy. Postoperative radiographs were also taken in both AP and lateral views and CT,
3 DCT of the corrected elbow.

Surgical steps: A straight line on the distal humerus around 1.5 to 2 cm proximal to the olecranon fossa
perpendicular to the lateral supracondylar ridge (that is mostly a straight line). Another is drawn of the same
length at the desired angle of correction (ipsilateral varus angle + normal carrying angle).

The wedge of bone to be exised is thus planned and the alignment after this step-cut osteotomy assessed.
Piece of bone from the proximal fragment is trimmed in order to maintain alignment and to avoid any lateral
prominence (due to the resultant translation) is oriented preoperatively.

The lateral cortex of the proximal fragment usually required some trimming for close approximation with
the spike on the distal fragment. The distal fragment was translated laterally for reduction with the proximal
fragment, the reduction was provisionally fixed by Kirschner wires and assessed under C-arm. If the radiological
and gross examinations showed an insufficient correction, an additional correction was obtained by further
osteotomy and moving the apex medially; any overcorrection was adjusted by moving the apex laterally.
After 3 D correction in coronal, sagittal and horizontal planes the reduction was rigidly fixed. Postoperatively,
a posterior long arm slab applied in all the patients. This was removed after 4 weeks and controlled elbow
mobilization started.

Most patients were followed up at two weeks, six weeks, 12 weeks, six months, one year and, thereafter yearly,
for a maximium of 3.5 years after the surgery. The average follow-up period was 2 years (1-3.5 years). Objective
clinical and radiological assessment included measurement of carrying angle, range of elbow motion, lateral
prominence index, hypertrophied scar, instabilities, nerve examination.

Results were evaluated on base of Oppenheim et al. (13) as excellent, good and poor.

American Research Journal of Orthopedics and Traumatology Page 4


https://www.sciencedirect.com/topics/medicine-and-dentistry/goniometer
https://www.sciencedirect.com/topics/medicine-and-dentistry/supination
https://www.sciencedirect.com/topics/medicine-and-dentistry/distal-humerus
https://www.sciencedirect.com/topics/medicine-and-dentistry/distal-humerus
https://www.sciencedirect.com/topics/medicine-and-dentistry/osteotomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/step-cut-osteotomy
https://www.sciencedirect.com/topics/medicine-and-dentistry/kirschner-wire
https://www.sciencedirect.com/topics/medicine-and-dentistry/radiodiagnosis
https://www.sciencedirect.com/topics/medicine-and-dentistry/radiodiagnosis

Three Dimensional corrective osteotomy of cubitus varus by modified step cut osteotomy of supra
condylar humerus

RESULTS

The details regarding the general profile of the patients, preoperative range of motion, mechanism of initial
injury and the treatment following the initial injury have been tabulated and compared the preoperative and
postoperative results in the patients. There were no cases with preoperative nerve palsies, instabilities, local
pain or limited range of motion other than the deformity in our series.

Preoperative and postoperative results details of range of motion (ROM), Humerus-Elbow-Wrist (HEW) angle
difference and lateral prominence index (LPI), and mentioned are the results on the basis of Oppenheim’s
criteria utilized.

The mean preoperative range of motion was about 130° (range 120-140°), while the mean range of motion at
the time of the last follow-up was about 122.5 (range 120-135°). This difference was not statistically significant
(P = 0.34). There were 4 children (16.6%) with a postoperative decrease in the range of motion of less than or
equal to 5° while the decrease in the range of motion was between 5 and 10° in 3 patients (12.5%) show no
significant difference ( P = 0.32 ). No patient had a decrease in motion of more than 10°.

The mean preoperative difference in carrying angle (HEW Angle) between the two limbs was 26.6 (range 25-
35°) while postoperatively and at follow-up, the difference was 2° (-2 to 5°). There was no loss of correction
once achieved, observed in any of our patients following modified step-cut osteotomy. Most of the patients had
a correction of HEW angle to within 5° of the normal arm show no significant difference (P = 0.43 ).

The preoperative LPI averaged 0.08% (range -7% to 6.5%) in our study. The mean postoperative LPI was
-0.85% (range -9% to 5%). A negative LPI value indicates a greater medial prominence at the elbow. Compared
with the preoperative values, the LPI actually decreased after the surgery in all our cases showing significant
difference (P = 0.04 ).

On the basis of the Oppenheim’s criteria, there were 18 patients (75%) with excellent results, 5 patients
(20.8%) with good results and one patient (4.2%) with poor result. None of the patients had wound infection,
nerve palsies, instabilities or any significant postoperative complications. All of them demonstrated good solid
union at 12 weeks.

The forearm supination-pronation were not changed postoperatively. Compared with the normal side, the
average preoperative internal rotation was 20° (range, 0°-302), which was corrected to 5° (range, 0°-5°)
postoperatively. Before the operation, 16 patients had more than 20° internal rotation, but after the operation,
no patient had more than 5° internal rotation deformity.

Case presentation: CASE 1, CASE 2
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CASE 1: female 5 years old with posttraumatic cubitus varus: A) preoperative photo with rt cubitus varus, B,
C, D) Intraoperative photos of surgical approach, E& F) intraoperative radiology after osteotomy fixation, G)
postoperative photo with corrected deformity and full extension.

CASE 2: male 6 years old with posttraumatic cubitus varus: A) preoperative photo with right cubitus varus, B)
preoperative x-ray, C&D) Intraoperative photos of surgical approach, E) postoperative photo with corrected
deformity and full extension.

DISCUSSION

Ali Mourady (2013) Results were comparable to the published results of the classical lateral closing wedge
osteotomy in terms of elbow motion and correction of deformity. There were 8 excellent, 5 good and 1 poor
results. A residual varus of more than 10° was seen in the single patient with poor result. None of the patients
showed a prominent lateral humeral condyle or formation of hypertrophic scar. (15)

Srivastva (2008) Results were Average preoperative varus was measured 20.1 degrees (range 16-25),
immediate postoperative and 12" week postoperative valgus was angle 14.4 degrees (range 12-17 degrees). The
radiological valgus obtained on the operated side was near equal to valgus of normal side with a mean variation
of £1.91 degrees (range - 2 in case no. 20 to + 4 degrees in case no. 10 at 12-week follow-up. Cosmetically all
were satisfied with the results outcome. There had been no neurovascular complication, unsightly scar or any
residual deformity. Stable fixation had led most of the cases to achieve >170 degree of supination- pronation,
<5-10 degrees of restriction of flexion-extension in the majority of the cases. Most of cases were able to regain
their pre-injury functional status in the ninth week postoperatively with excellent cosmetic correction.(14)

In Chung (2003) Results, the average humerus-elbow-wrist angle improved from -26° to 11°. The mean lateral
prominence index did not differ after correction of deformity when compared with the normal side. By using
good rehabilitation protocol, all patients regained preoperative arcs of elbow motion in a mean of 2.5 months
(range, 1.50-3.50 months) postoperatively, and the mean bony union time was 1.65 months. According to the
criteria of Oppenheim et al,, the results were 11 excellent and two good results.(4)

Sulaiman Sath ( 2016 ) used lateral closed wedge osteotomy with plating an recommended that it is safe and
effective method of correction of cubitus varus in adolescents and adults. Their results of total 12 cases (7
males and 5 females) with a mean age of 19.41 years. Most cases were right handed forming 8 of the 12 cases
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(66.66%). Mean carrying angle on the normal side was 9.16° while mean varus deformity of the affected side
was 17.16°. Follow-up period ranged from 6 to 24 months. Postoperative valgus obtauned was with a mean of
8.66°which is close to the mean of carrying angle on normal side. Mean range of motion preoperatively was
134.16° while postoperatively it was 132.5°. There was a hyperextension of 10° in one patient who continued to
have the same in the postoperatively. One patient had loss of terminal 5°-10° of extension. Mean time for clinical
union was 11.75 weeks. Lateral condylar prominence index changed from a mean of 5.23 (ranging from 2.5-7.8)
to -10.95 (ranging from -5 to -18.4). Good to excellent outcome were observed in all patients.(16)

Srijay Sashaank. (2017) studied the radiological and functional outcomes following corrective osteotomy in
cubitus varus deformities and to assess the outcomes of commonly used osteotomies. Prospective study done
between 2014-2017.Total number of patients in the study were 9. Age group of the patients under our study
were 3-15 years, mean age being 7 years (6 Boys and 3girls). All deformities resulted from malunion of distal
humeral supracondylar fractures sustained by the patients when they were from 3 years to 15 years of age.
There was a mean internal rotation deformity of 10 degrees measured by comparing the arc of rotations of the
ipsilateral shoulder with the contralateral shoulder. None of the selected patients for osteotomy had a distal
neurological deficit or myositis ossificans. (17)

CONCLUSION:

The modified step-cut 3 D osteotomy is a safe and simple osteotomy which prevents lateral prominence and
provides excellent outcomes in most of the patients. The modified step-cut osteotomy procedure, was superior
to the conventional lateral closing wedge osteotomy regarding the lateral humeral condyle prominence, less
scaring and better cosmoses.
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