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B MAIN POINTS

+ Supracondylar humerus fractures
are the most common pediatric el-
bow fractures.

* Lateral pinning and cross pinning
provide comparable radiological
and functional outcomes.

 Medial pinning may carry a risk of
ulnar nerve injury, especially when
performed without a mini incision.

» We recommend using a mini medial
incision over the medial epicondyle
to reduce ulnar nerve injury risk.
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B ABSTRACT

Aim: The aim of this study is to compare the commonly used cross pinning and lateral pinning
techniques in the surgical treatment of pediatric supracondylar humerus fractures by evaluating
clinical and radiological outcomes.

Materials and Methods: Between 2018 and 2024, patients who had surgical treatment for Gart-
land type 3 supracondylar humerus fractures were included in the study. Patients were divided
into two groups based on the surgical technique: lateral pinning (Group 1) and cross pinning
(Group 2). Patients with a minimum folloe-up of 6 months were included in the study. Demo-
graphic data inlcuidng age, sex, side, mechanism of trauma were recorded. Clinical evaluation
was performed using Flynn’s criteria. Radiological evaluation included assessment of fracture
union, Baumann's angle and its change from 0 to 6 months, carrying angle, lateral humerocapitel-
lar angle (LHCA), and its 0 to 6-month change. Complications and additional procedures were
also recorded.

Results: Group 1 consisted of 32 patients, while Group 2 included 28 patients. The demographic
data showed no statistically significant differences between the two groups. Based on Flynn's
criteria, outcomes in Group 1 were classified as excellent in 24 (75%) patients, good in 5 (15.6%),
fairin 3 (9.4%), and none were considered poor. In Group 2, 20 (71.4%) patients achieved excel-
lent results, 7 (25%) were rated as good, 1 as fair (3.6%), and no poor outcomes were observed.
Functional outcomes were similar in both groups (p: 0.488). The groups showed comparable re-
sults in terms of both the Baumann'’s angle and its change, carrying angle, LHCA and its change.
Ulnar nerve injury developed in 2 patients in Group 2 and resolved with conservative follow-up.

Conclusion: In the management of pediatric supracondylar humerus fractures, lateral and cross
pinning techniques yield comparable clinical and radiological results. To prevent ulnar nerve
palsy in the cross-pinning technique, a mini medial incision can be used to protect the ulnar
nerve.
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B INTRODUCTION

commonly used techniques for supracondylar humerus frac-
ture fixation. Lateral pinning is favored for reducing iatro-

Supracondylar humerus fractures represent the most fre-
quent type of elbow fracture in children, comprising about
3-5% of all pediatric fractures and 50-60% of those involving
the elbow [1,2]. These fractures predominantly occur in chil-
dren aged about 6 years and are caused by low-energy trauma
[3]. Closed reduction with percutaneous pinning remains the
widely accepted method of treatment; however, the optimal
pinning configuration that provides stability and best clinical
outcomes is still debated [4].

Lateral pinning and medial-lateral crossed pinning are the two

genic ulnar nerve injury, while medial-lateral crossed pinning
is considered biomechanically superior in terms of rotational
stability [S]. Despite the biomechanical advantages of medial-
lateral crossed pinning, the risk of ulnar nerve injury remains
a major concern. Studies have reported an incidence of iatro-
genic ulnar nerve injury ranging from 2% to 15% with crossed
pinning techniques [S]. This has led many surgeons to pre-
fer lateral pinning, particularly in cases where adequate stabil-
ity can be achieved without a medial pin. However, clinical
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studies have reported comparable functional and radiological
outcomes between the two techniques [6].

The choice between lateral and crossed pinning is often in-
fluenced by fracture pattern, experience of the surgeon, and
patient-specific anatomical characteristics. In this study, we
aim to evaluate and compare the clinical outcomes of lateral
pinning and medial-lateral cross pinning in displaced pedi-
atric supracondylar humerus fractures.

B MATERIALS AND METHODS

This retrospective study was initiated with the approval of
our hospiral Ethics Committee (91 decision numbered and
18.04.2025 dated). Patients under 12 years of age who un-
derwent surgery for displaced supracondylar humerus frac-
tures between 2018 and 2024 were included. Open fractures,
Gartland type I and II fractures, fractures with concomitant
injuries, and cases requiring open reduction were excluded.
Group 1 included patients who underwent lateral pinning,
while Group 2 consisted of those treated with cross pinning.

Surgical procedure

Closed reduction was attempted in all patients, and if success-
tul, percutaneous pinning was performed. In the lateral pin-
ning group, two or three parallel or divergent K-wires were
inserted through the lateral condyle, ensuring stability. In the
crossed pinning group to all patients, after inserting two lat-
eral K-wires, the elbow was extended to less than 45° to palpate
the medial epicondyle and minimize the risk of ulnar nerve
injury before placing the medial K-wire. Additionally, the ul-
nar nerve was palpated and pushed posteriorly to protectit. If
the medial epicondyle could not be palpated due to edema, a
stab incision was made to expose the medial epicondyle for K-
wire placement. A mini medial incision was performed in 10
patients due to local edema obscuring anatomical landmarks
(Figure 1).

Postoperative care and rebabilitation

All patients were immobilized with a long-arm brace postop-
eratively. Pin site dressings were performed every 2-3 days.
At the 4™ week, the brace was removed, and passive range of
motion exercises were initiated. K-wires were removed once
callus formation was observed, typically around the 6th week,
and patients were referred to the physical therapy department
for rehabilitation.

Functional and radiological evaluation

Demographic data, including age, sex, dominant hand, mech-
anism of injury, and follow-up duration, were recorded. At
the final follow-up, range of motion and carrying angle were
measured. Functional outcomes were assessed using Flynn’s
criteria, which include two factors: cosmetic and functional.
Based on these criteria, patients were categorized as poor, fair,
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good, or excellent. Radiological evaluation included mea-
surements of Baumann’s angle and the lateral humerocapitel-
lar angle (LHCA) on postoperative radiographs. Changes
in these angles were assessed on follow-up radiographs at 6
months. Additionally, carrying angles were measured during
the latest clinical follow-up. The carrying angle describes the
angle between the axes of the arm and forearm in the coronal
plane. The Baumann angle is the angle between the longitudi-
nal axis of the humeral shaft and the physeal line of the lateral
condyle on an anteroposterior (AP) radiograph of the elbow.
The Lateral Capitellohumeral Angle (LCHA) is the angle be-
tween the longitudinal axis of the humeral shaft and the axis
of the capitellum on a lateral elbow radiograph (Figure 2).

Statistical analysis

Statistical analysis was performed using IBM SPSS Statistics
version 23.0 (Armonk, NY: IBM Corp.). We used the in-
dependent samples t-test to analyze continuous variables, in-
cluding age, operative time, and radiographic angles (Bau-
mann’s angle, Lateral Humerocapitellar Angle (LHCA), and
carrying angle). Normality was assessed using the Shapiro-
Wilk test, and homogeneity of variances was evaluated with
Levene’s test. For categorical variables such as sex, dominant
side, and mechanism of injury, we used the chi-square test, ap-
plying Yates’ continuity correction for all 2x2 tables. Fisher’s
exact test was used for comparisons involving complications
due to small expected frequencies. We also compared Flynn’s
functional scores between the groups using a Pearson’s chi-
square test on a 4x2 contingency table. Additionally, a post-
hoc power analysis was conducted based on the difference
in the LHCA between the groups. The observed mean dif-
ference was 3.70 with a pooled standard deviation of 4.780,
which corresponds to a Cohen’s d effect size of 0.776. This
analysis indicated an achieved power of 83.9% at a significance
level of p<0.05, confirming that we had sufficient power to
detect meaningful differences. A p-value of less than 0.05 was
considered statistically significant.

B RESULTS

The study included 32 patients in Group 1 and 28 patients in
Group 2. The mean age of the patients was 6.99£0.87 years,
with a mean follow-up duration of 64.25+22.9 months. The
most common mechanism of injury for the majority of pa-
tients in both groups was a fall from the same level. In Group
1, 28.1% of patients had a fracture on their dominant side,
compared to 21.4% (6 patients) in Group 2. A comparison of
demographic data revealed no significant differences between

the groups (Table 1).

Functional and radiological outcomes

According to the Flynn’s criteria, 24 patients in Group 1 and
20 patients in Group 2 achieved an excellent outcome, and
no patient in either group was classified as having a poor out-
come. There was no statistically significant difference in car-
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Figure 1. a) Lateral pinning at anteroposterior elbow graphy, b) Lateral pinning at lateral eloow graphy, c) Cross pinning at anteroposterior elbow

graphy, d) Cross pinning at lateral graphy.

Figure 2. a) Baumann angle b) Lateral Capitellohumeral angle.

Table 1. Demographic data of the patients included in the study.

Group 1 (n:32) Group 2 (n:28)  Pvalue

(lateral pinning)  (cross pinning)
Age 6.8+0.9 72108 0.075
Follow-up (months) 35.25+15.2 29+17.1 0.134
Female/Male 12/20 9/19 0.871*
Dominant Side 9(28.1%) 6 (21.4%) 0.765*
Falling from height 12 (37.5%) 9(32.1%) 0.871*
Fall from the same level 20 (62.5%) 19 (67.9%) 0.871%*

* Yates corrected chi-square.

rying angles between the two groups (p=0.246). Radiologi-
cal comparisons showed that the mean Baumann’s angle was
78+3.20 in Group 1 and 78.6%3.10 in Group 2. The mean
Lateral Humerocapitellar Angle (LHCA) was 41.1£5.70 in

Group 1 and 44.8%3.60in Group 2, a difference that was not
statistically significant (p=0.179). At the 6-month follow-up,
changes in both the Baumann’s angle and LHCA were sim-
ilar between the groups (p=0.607 and p=0.146, respectively)
(Table 2).

Complications

No patient in either group experienced a nonunion. Pin-
site infections occurred in three patients in the lateral pinning
group and two patients in the cross-pinning group; all were
successfully treated with local pin-site care. Ulnar nerve in-
jury developed in two patients in Group 2 (the cross-pinning
group), with complete recovery observed during follow-up.
Both patients with ulnar nerve palsy had undergone closed
medial pinning without a mini-incision (Table 1).
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Table 2. Clinical and radiological comparison.

Group 1(n:32)  Group 2 (n:28)  Pvalue
(lateral) (cross)

Carrying angle 99124 92122 0.246
Baumann'’s angle 78+3.2 78.6 £3.1 0.465
Change in Baumann's angle 2.0:0.7 21108 0.607
LHCA 41157 448+3.6 0.179
Change in LHCA 32109 3612 0.146
Union 32 (100%) 28 (100%) 1
Flynn's score 0.488
Excellent 24 (75%) 20 (71.4%)
Good 5(15.6%) 7 (25%)
Fair 3(9.4%) 1(3.6%)
Poor 0(0.0%) 0(0.0%)
Complications
-Ulnar nerve injury 0 (0.0%) 2 (7.1%) 0.214*
-Compartman syndrome 0 (0.0%) 0 (0.0%) 1*
-Infection 3(9.4%) 2(7.1%) 1*

*Fisher’s exact test.

E DISCUSSION

In our cohort, the majority of patients shared similar demo-
graphic characteristics and trauma mechanisms, which were
primarily low-energy falls from the same level. This finding
is consistent with previous reports highlighting the frequent
occurrence of supracondylar humerus fractures in young chil-
dren due to low-energy falls [7-9]. Most patients in both
groups sustained fractures on their non-dominant side, and
there was no significant difference in laterality between the
groups. This finding aligns with prior studies that show no
significant dominance-related difference in the distribution of
these pediatric fractures.Functional outcome evaluations, us-
ing Flynn’s criteria, revealed no significant difference between
the two groups. The majority of patients in both groups
achieved excellent results, reflecting the overall success of both
surgical techniques. This is consistent with other studies re-
porting comparable functional outcomes with both methods
despite their biomechanical differences [10, 11]. The absence
of any patients with poor outcomes further supports the ef-
fectiveness of both techniques when applied appropriately.

The decision to use two or three lateral pins was based on an
intraoperative assessment of fracture stability. In most cases,
two divergent lateral pins provided sufficient fixation, espe-
cially when the medial cortex remained intact after reduction.
However, a third lateral pin was inserted to enhance mechani-
cal stability in fractures exhibiting medial comminution, rota-
tional instability, or inadequate purchase with only two pins.
This approach is supported by studies indicating that two
properly placed lateral pins can offer comparable biomechani-
cal strength to cross-pinning in certain fracture types [12,13].
Nevertheless, in unstable or high-grade Gartland type III frac-
tures, additional fixation may be necessary to prevent loss of
reduction. Therefore, the pin configuration should be cus-
tomized based on the specific fracture pattern and intraoper-
ative findings.
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From a radiological standpoint, we found no significant dif-
ferences in the Baumann angle or the Lateral Humerocapitel-
lar Angle (LHCA) between the groups. The Baumann an-
gle, a key measure for assessing distal humerus alignment, was
similar in both groups and fell within the expected range for
optimal alignment. Similarly, the LHCA, which evaluates
the relationship between the humeral shaft and the capitel-
lum, showed no significant difference at initial presentation
or at the 6-month follow-up. Our results are consistent with a
meta-analysis by Zhao et al., which found no difference in the
Baumann angle between the two techniques [14]. Yawar etal.
similarly reported that both the Baumann angle and LHCA
were within normal limits and comparable between groups
[15]. A meta-analysis by Na et al. also concluded that both
techniques provided comparable radiological healing [16].

Our study’s complication rates were low, with no instances of
nonunion in either group. Pin-site infections were relatively
uncommon and were successfully managed with local care,
which is consistent with findings in the literature [17]. Ulnar
nerve injury, a well-known concern with the medial pinning
technique, was reported in two patients in the cross-pinning
group. In both cases of transient ulnar nerve palsy, serial neu-
rological assessments were performed at one, three, and six
weeks postoperatively. Both patients achieved a full recovery
by three months without the need for surgical intervention.
Although patient compliance can be a concern in pediatric
populations, clinical symptoms were clearly documented by
both the surgical team and the parents, minimizing the risk
of misclassification. Some authors suggest that exploration
of the ulnar nerve may be warranted in cases of closed medial
pinning if symptoms persist beyond 3 to 6 weeks [18]. How-
ever, in our experience, conservative observation is often suf-
ficient for mild neurapraxia without motor deficits or wors-
ening signs. Revision surgery, such as pin removal or reposi-
tioning, should be considered only when symptoms do not
resolve or if clinical deterioration is observed.

The most notable finding from our study is the potential
for a mini-incision over the medial epicondyle to reduce the
risk of ulnar nerve injury during cross-pinning. This tech-
nique allows for better visualization of anatomical landmarks
and should be considered in challenging cases with significant
edema. Our findings support those of Umar Hasan etal., who
recommended lateral pinning, noting the higher risk of ul-
nar nerve injury with cross-pinning despite similar functional
outcomes [19]. Similarly, a meta-analysis by Xing et al. of 19
randomized controlled trials reported an increased incidence
of ulnar nerve injury with cross-pinning [20]. The fact that
no ulnar nerve injuries occurred in our lateral pinning group

highlights a primary advantage of this technique.

Limitations

Our study has several limitations. First, it is a retrospective
study, lacking both randomization and a large sample size.
Additionally, the variation in the number of pins used be-
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tween groups may have influenced mechanical stability and
could potentially affect outcomes. Future prospective, ran-
domized studies with larger patient cohorts are needed to con-
firm our findings.

E CONCLUSION

Both lateral and cross-pinning techniques yield similar radi-
ological and functional outcomes. To reduce the risk of ul-
nar nerve injury during cross-pinning, we recommend using
a stab incision over the medial epicondyle.
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