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ABSTRACT

Background: The paediatric age group between 5 to 7 years encounters supracondylar fracture of humerus as the
commonest fracture due to trauma following fall on an outstreached hand. There are different methods of pinning
configurations for K wire insertion to stabilize a displaced fracture. The present study is aimed to assess the outcomes of
different pinning techniques among children with supracondylar fracture humerus. Methods: This hospital based cross
sectional study was conducted among 60 children aged 4 to 14 years presenting with Gartland type 111 supracondylar fracture
of humerus. During the reduction surgery four type of Kirshner wire insertion techniques were performed on different
children. Patients were followed upto 6 weeks post surgery. The radiological and functional outcomes were assessed by
comparing the Carrying angle, Baumann’s angle, anterior humeral line, movements of elbow joint and union of the fracture
line. All the data was compiled in Microsoft excel and analysed using SPSS 26.0. Results: With a mean age of 8.6(+2.6)
years and age ranging between 4-14 years, total 60 children were included in the study. 17 (28.3%) cases were operated by
two cross K-wire, 18 (30%) were by two lateral K-wire divergent, 15 (25%) were by two lateral K-wire parallel and 10
(16.7%) cases were operated by three-pin techniques. Cross pinning showed 6 cases of ulnar nerve injury and no differences
were found in ROM, carrying angle, Baumann’s angle and anterior humeral line between the four methods of pinning.
Position of the anterior humeral line also showed no significant difference. Flynn’s crietria of outcome also showed no
significant difference. Conclusion:This study suggests that there are no significant differences in functional and radiological
outcomes among the four types of Kirshner wire fixation inGartlandtype 111 supracondvlar humerus fractures in children
This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-Non
Commercial-Share Alike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as
long as appropriate credit is given and the new creations are licensed under the identical terms

INTRODUCTION

Supracondylar fractures of the humerus (SHF) are the
most prevalent fractures in children aged between 5
and 7 years and often necessitate surgical
intervention. This type of fracture may result in severe
complications such as nerve damage, vascular injury,
and compartment syndrome. SHF accounts for 3% of
all pediatric fractures, with extension being the most
common type (98%) [1]. Falling on an outstretched
hand is the most frequent cause of this injury [2]. The
supracondylar region of the humerus undergoes
remodeling in children, resulting in a decrease in both
the antero-posterior and lateral diameter, fewer and
less defined trabeculae, and a thinner coronoid fossa
anteriorly, rendering this area more susceptible to
fracture in this age group [3].

The Gartland staging system is the most widely used
classification for managing supracondylar fractures of
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the humerus, and Kirschner wires are commonly
employed to stabilize displaced fractures during
reduction [4,5]. Undisplaced fractures are typically
stabilized using a posterior splint. Two Kirschner
wires can be inserted in two ways: the two-cross-wire
method, in which one wire is inserted medially and
the other laterally, is stable but can cause ulnar nerve
paralysis. In contrast, the lateral divergent insertion of
two Kirschner wires provides excellent stability
without injuring the ulnar nerve. In addition,
percutaneous pinning maintains fracture reduction
without significant elbow flexion immobilization [6].
In this study, we evaluated the functional and
radiological outcomes, as well as the mechanical
stability of various pinning methods, including cross,
lateral divergent, lateral parallel, and three-pin
Kirschner wire fixation.
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MATERIALS AND METHODS
Study design and setting: This was a hospital-based
prospective observational study conducted in the
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formation.The POPsplint was removed
simultaneously, and the patient was urged to perform
active elbow flexion and extension exercises as well
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criteria: Children attending the outpatient department
(OPD), emergency and admitted tothe ward with fresh
displaced supracondylar fracture of the humerus were
eligible for this study after the establishment of
clinical and radiological diagnosis.

Patients were included based on the following criteria:
i) All patients aged between 4 to 14 years,ii) Closed
Gartland type 111 supracondylar humerus fracture, iii)
Duration of injury less than seven days, iv) Normal
neurological and vascular status of the affected limb
and v) Closed reduction wherever possible.

Patients were excluded based on the following
criteria: i) Compound fracture, ii) Type | and Type II,
iii) Polytrauma patients, iv) More than 14 years of
age, v) Any pathological fractures, vi) Congenital
deformity, vii) Failed closed reduction.

Sample size and sampling: In the present study, we
calculated the sample size using the formula for cross-
sectional study (n = Z2pg/d?) where prevalence (p)
was taken as 17%][7] and absolute precision (d) was
considered as 10%. After adding 10% non-responders
and rounding off, the final sample size was 60.

Data collection: All the children admitted with SHF
go through a clinical and radiological examination.
Proper history was taken and after assessment of
distal neurovascular status, a temporary close
reduction with POP slab was given to immobilize the
elbow. The patient was prepared for pre-operative
workup after all the necessary investigations. A
prophylactic antibiotic was given intravenously and
the patient was ready for general anaesthesia. After
establishing a satisfactory level of close or open
reduction using traction technique, stainless steel K
wires were inserted under fluoroscopic guidance
wherever applicable. Four pinning methods were
used: crossed, divergent, parallel and three-pin
techniques. Follow-up x-rays were done and the wires
were  removed afterconfirmation of callus
Table 1: Functional outcome between fixation

the fracture, Baumann’s angle, lateral rotation
percentage and anterior humeral line and Flynn’s
criteria. Follow-up was done till six-week post-op.

Statistical analysis: IBM Statistical Package for
Social Sciences (SPSS) software Version 26.0) was
used for data analysis. Qualitative variables were
summarized using frequency and percentage.
Inferential analysis was conducted using the chi-
square test for categorical variables and ANOVA for

continuousvariables.  P-values of <0.05 was
considered significant.
Ethical consideration: The Institutional Ethical

Committee of Government Bundelkhand Medical
College, Sagar, Madhya Pradesh, granted permission
to conduct this study. Written informed consent was
taken from the parents of the children before data
collection.

RESULTS

A total of 60 participants were selected with a mean
age of 8.6 (+2.6) years (range: 4-12 years). The
majority were male children (65%,39/60). Most cases
(86.7%, 52/60) attended hospital on or before the 3rd
day of injury.Among all, 17 (28.3%) cases were
operated by two cross K-wire, 18 (30%) were by two
lateral K-wire divergent, 15 (25%) were by two lateral
K-wire parallel and 10 (16.7%) cases were operated
by three-pin (2 lateral & 1 medial).Nerve injury was
seen among six patients overall. Three cases had
nerve injury in the two cross K wire group, one
among the two lateral (divergent) and two among the
three-pin group. No nerve injury was seen in the
lateral (parallel) group. Ulnar nerve injury was the
only documented injury. The occurrence of nerve
injury among the groups was not statistically
significant. We found no significant differences in
ROM, carrying angle, or Baumann’s angle between
these four fixation groups (table 1).

Method of fixation (mean+SD)
Variables Two cross | Two lateral | Two lateral .
. . Three pin p-value
K- wire divergent parallel

ROM (in Flexion (1235;17) 134.5(5.76) | 133.6(6.13) | 120.8(6.14) | 0.390

degree) Extension 11.2(7.0) | 60699 | 60632 | 7.0681) | 0098

Carrying Normal elbow 11.8(1.9) 11.9(2.4) 11.0(1.6) 11.7(1.8) 0.552
angle (in Operated elbow (6th-

degree) week post-op) 10.3 (1.8) 9.0(2.1) 9.8(1.2) 9.7(1.5) 0.205

Baumann’s Normal elbow 77.2(2.8) 74.3(3.5) 77.1(3.1) 76.5(1.9) 0.029

angle (in Immediate post-op 77.1(2.9) 75.4(4.1) 76.3(3.4) 77.0 (1.3) 0.498

degree) Post-op 6th week 76.7(2.7) 74.8(6.6) 77.3(3.9) 76.8(2.3) 0.399
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Among all the cases, at the time of surgery, except one case among two cross K wire groups which passed
through the anterior 1/3rd of capitellum, rest all passed through the middle 1/3rd of capitellum. At the 6th week
of post-surgery, the anterior humeral line passed through the anterior 1/3rd of the capitellum among a total of six
cases, the rest (54) all passed through the middle 1/3rd of the capitellum. The differences in the distribution
among the groups of fixations were not statistically significant.

Table 2: Radiological outcome between fixation

Frequency (%)
Variables Two cross | Two lateral | Two lateral .
. . Three pin p-value
k wire divergent parallel
Anterior Pass through
hunfergl anterior 1/3rdof | 1 (1.7) 0 (0) 0 (0) 0(0)
line(at the capltﬁllumh 0.462
time of pass throug
middle 1/3rd of 16(26.7) 18(30.0) 15(25.0) 10(16.7)
surgery) .
capitellum
Pass through
Anterior anterior 1/3rd of 2(3.3) 1(1.7) 3(5.0) 0(0)
humeral capitellum
line(at 6th Pass through 0.542
week post-op) middle 1/3" of 15(25.0) 17(28.3) 12(20.0) 10(16.7)
capitellum

The functional outcome as per Flynn’s criteria of the two groups (divergent and parallel) is presented in Table 3.
There was no significant difference in functional outcomes between the two-wire configurations on the Chi-

square test.
Table 3:Final outcome according to Flynn’s criteria

Final Two cross K- | Two lateral Two lateral Three |
outcome wire divergent parallel pin p-vaiue
Excellent 14 (23.3) 17(28.3) 12 (20.0) 9 (15.0)
Good 0(0) 1(1.7) 2(3.3 0 (0)
Fair 1(1.7) 0(0) 1(L7) 0(0)
Poor 2(3.3) 0(0) 0(0) 1(L.7) 0.422
DISCUSSION found no significant differences between the two

The present study aimed to assess functional
outcomes among four types of Kirshner wire fixation,
namely cross, lateral divergent, lateral parallel, and
three-pin Kirshner wire fixation, for fixing Gartland 3
supracondylar humerus fractures in children. The
study found no significant differences in the range of
motion among the four groups, which is consistent
with the findings of previous studies by Prashant et al.
and Kocher et al [8,9]. Furthermore, a meta-analysis
by Zhao et al. also reported no significant differences
between the lateral entry and crossed entry pinning
fixation techniques regarding the total range of motion
and flexion and extension [10].

The carrying angle of the operated elbow was
measured in the four groups, and the differences in the
angle were not statistically significant. This is in line
with the comparative study by Kocher et al., which
reported no significant differences between groups
with respect to carrying angle [9]. Additionally, a
meta-analysis on lateral and crossed pin fixation’s
effect on paediatric Supracondylar humerus fractures
also reported no significant differences in the carry
angle between these two groups [10]. Another
randomized controlled clinical trial by Maity et al.
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groups (cross-pinning and lateral pinning) concerning
carrying angle [11].

The present study also assessed Baumann’s angle in
the four groups and found no statistically significant
differences. This is consistent with the findings of
Gopinathan et al., which reported no significant
difference in Baumann’s angle values between
divergent or parallel configurations [12]. Similarly,
Sapkota et al. found no substantial change in
Baumann’s angle in the cross pinning and lateral three
K-wires fixation group [13]. Kocher et al. also found
no significant differences regarding the Baumann
angle between lateral entry pin fixation and medial
and lateral entry pin fixation groups [9].

In our study, six patients showed nerve injury, all of
which were ulnar nerve injuries. However, the
occurrence of nerve injury among the groups was not
statistically significant. Mohd. Faizan et al. also
recorded two ulnar nerve palsies in the cross-K wiring
group, which recovered after a 6-week follow-up
period [8]. The authors found no significant difference
between the groups. In a randomized clinical study by
Kocher et al., no iatrogenic nerve injury was reported
when comparing the efficacy of lateral entry pin
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fixation with medial and lateral entry pin fixation for
the operative treatment of completely displaced
extension supracondylar fractures of the humerus in
children [9]. Similarly, Guy et al. reported zero
iatrogenic nerve injuries in their study using lateral
entry fixation with three divergent pins for displaced
supracondylar humeral fractures [14]. A five-year
retrospective study comparing lateral pin to medial
and lateral pin fixation found no statistically
significant difference between these groups regarding
nerve injury [15].

The outcome, according to Flynn’s criteria, was
excellent in 86.7% (52/60) of cases, good in5% (3/60)
of cases, fair in 3.3% (2/60) of cases and poor in 5%
(3/60) of cases. However, the differences in outcomes
among the different groups were not statistically
significant.Gopinathan et al. in their study where they
used lateral pinning for displaced supracondylar
fractures in children using three Kirschner wires in
parallel and divergent configuration, found no
statistically significant difference was seen in the and
outcome according to Flynn’s criteria irrespective of
the wire configuration (divergent or parallel) [12].
Zhao et al. in their meta-analysis of randomized
control trial, reported outcomes according to Flynn
scores between the patients treated with crossed or
lateral pin fixation there was not significantly
different [10].

Limitations of the study include a small sample size
and a short duration of follow-up. Further studies with
a larger sample size and longer follow-ups are needed
to determine the optimal type of fixation for Gartland
3 supracondylar humerus fractures in children.

CONCLUSION

In conclusion, the present study suggests that there are
no significant differences in functional outcomes
among the four types of Kirshner wire fixation for
fixing Gartland 3 supracondylar humerus fractures in
children.
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