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ABSTRACT

Supracondylar fractures of the humerus (SCHFs) are among the most common extremity fractures in the pediatric population. This study
aims to assess the incidence of nerve palsies related to supracondylar humerus fractures in children. A retrospective analysis was performed
of 100 pediatric patients who underwent surgical intervention for supracondylar humerus fractures at our clinic between 2021 and 2024, with
available postoperative clinical follow-up data. The timing of surgery, sex, presenting symptoms, intraoperative findings, postoperative
outcomes—including complications—and follow-up duration were analyzed. Of the 100 patients, 9 had preoperative nerve injuries, and 7
developed postoperative nerve injuries. All cases of postoperative nerve injury had undergone closed reduction. This study highlights that
open medial pin placement during surgery may prevent iatrogenic nerve injuries. Collaborative patient management involving
orthopedicians, physical therapists, and neurosurgeons can improve outcomes.
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Suprakondiler Humerus Kiriklariyla iliskili Sinir Yaralanmalari: Goriilme Sikhgi, Tedavi ve Sonuglar

OZET

Humerusun suprakondiler kiriklar1 (SCHF), pediatrik popiilasyonda en sik goriilen ekstremite kiriklarindandir. Bu ¢alismanin amaci,
¢ocuklarda suprakondiler humerus kiriklartyla iliskili sinir felci insidansini degerlendirmektir. 2021-2024 yillart arasinda klinigimizde
suprakondiler humerus kirig1 nedeniyle cerrahi miidahale geciren ve mevcut postoperatif klinik takip verileri bulunan 100 pediatrik hasta
retrospektif olarak analiz edildi. Ameliyat zamanlamasi, cinsiyet, bagvuru semptomlar, intraoperatif bulgular, postoperatif sonuglar
(komplikasyonlar dahil) ve takip siiresi analiz edildi. 100 hastanin 9'unda preoperatif sinir yaralanmasi, 7'sinde ise postoperatif sinir
yaralanmasi geligmisti. Postoperatif sinir yaralanmasi olan tiim vakalarda kapali rediiksiyon uygulanmisti. Bu ¢aligma, cerrahi sirasinda agik
medial pin yerlestirilmesinin iatrojenik sinir yaralanmalarini Onleyebilecegini vurgulamaktadir. Ortopedistler, fizyoterapistler ve beyin
cerrahlarini igeren isbirlik¢i hasta yonetimi sonuglari iyilestirebilir.

Anahtar Kelimeler: Suprakondiler humerus kirigi. Sinir felci. Noropraksi. Komplikasyon.
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group'”. The Gartland’s classification system is
widely used to evaluate the severity of these
fractures’. The treatment of these fractures can be
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nerve. This is often associated with closed reduction
and fixation using Kirschner wires (K-wires), a
common treatment for displaced fractures’®. To
minimize the risk of iatrogenic nerve injury, some



orthopedic  surgeons use mini-open  surgical
techniques, particularly during medial pin placement,
which allow protection of the ulnar nerve through a
limited skin incision with direct visualization®
Specifically, ulnar nerve injury usually occurs during
median pin insertion®’. Median nerve injury,
particularly to the anterior interosseus nerve, is more
likely with posterolateral displacement, while radial
nerve injury occurs due to posteromedial
displacement™. Additional factors contributing to
nerve injury include post-traumatic and postoperative
tissue edema, traction injury during manipulation, and
callus formation'®"®. While nerve injury often heals
spontaneously, delayed treatment can lead to
permanent deficits'*.

Our hospital, a referral center for orthopedic care,
caters to approximately 4000 patients every year. This
study aimed to investigate the incidence and
characteristics of post-traumatic peripheral nerve
injuries in children with SCHFs.

Materials and Methods

This retrospective, observational, single-center cohort
study was approved by the institutional research
committee (Date: 07.01.2025, Decision Number
2025/01-1439). Written informed consent was
obtained from the parents or legal guardians of all
pediatric patients enrolled in the study.

We reviewed the clinical records of all pediatric
patients with dislocated SCHFs treated at our hospital
between January 2021 and January 2024. Exclusion
criteria  included: previous osteosynthesis of
supracondylar fracture at another institution, multiple
fractures in the same extremity, history of previous
fractures in the same extremity, and presence of
additional neurological diseases. All patients were
preoperatively assessed by a trauma surgeon,
including X-ray studies of the fractures. Fractures
were classified using the modified Gartland
classification system (Table I), and outcomes were
evaluated using the Mayo Elbow Performance Score
(MEPS) (Table II).

Table I. Modified Gartland classification system

Fracture type  |Characteristics

I Undisplaced fracture

I Displaced with intact posterior cortex

Il Completely displaced—either posteromedial 1l1A
or posterolateral I11B

v Multidirectional instability with circumferential
periosteal disruption
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Table II. Mayo Elbow Performance Scoring system

“)

Variable Definition Points

Pain None 45
Mild 30
Moderate 15
Severe 0

Range of motion, degrees |Arc>100 20
Arc 50-100 15
Arc <50 5

Stability Stable 10
Moderately unstable 5
Grossly unstable 0

Function Comb hair 5
Feed 5
Hygiene 5
Shirt 5
Shoe 5

Surgical techniques for osteosynthesis were selected
by the treating trauma surgeon based on the
indications. Typically, K-wires were removed one
month after surgery. K-wire placement was performed
under fluoroscopic guidance. A check x-ray was
performed postoperatively to assess fracture reduction
and correct placement of K-wires. Postoperative
neurological examinations were performed by
orthopedic surgeons. All patients were called for
outpatient follow-up after 3 days to monitor for
complications such as compartment syndrome.
Subsequently, they were followed weekly until K-wire
removal, after which rehabilitation began. The
minimum postoperative follow-up period was 3
months, extending up to 12 months if complications or
nerve injuries occurred.

Statistical Analysis

The normality of continuous variables was assessed
using the Shapiro-Wilk test. Continuous variables
were expressed as mean + standard deviation, while
categorical variables were presented as frequency
(percentage). The Kruskal-Wallis test was used when
the number of groups was greater than two and the
normality assumption was not met. Categorical
variables were compared between groups using the
Fisher-Freeman-Halton test. Statistical analyses were
performed using SPSS (IBM Corp. Released 2017.
IBM SPSS Statistics for Windows, version 25.0.
Armonk, NY: IBM Corp.). P-values <0.05 were
considered indicative of statistical significance.

Results

A total of 100 pediatric patients (53 males, 47
females) were treated during the study reference
period. The average age was 7.27+2.87 years (range,
4-16). The distribution of injuries by affected side
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showed that 41% of cases involved the right side and
59% involved the left side. According to fracture type
classification, 37% of patients had 3A fracture types,
50% had type 3B fractures, and 13% had type 4
fractures. Only one case had an accompanying
vascular injury. The patient characteristics are
summarized in Table III.

prompting pin revision. Two patients underwent
exploration 6 weeks postoperatively, revealing nerve
compression at the fracture line, and underwent ulnar
nerve decompression. All patients showed complete
recovery at 12 weeks postoperatively.

Table IV. Incidence of postoperative nerve injury by

surgery type
Table I11. Characteristics of the study population Postoperative Nerve Injury |p value
Mean * Standard Deviation Absent Present
Age (years) 7.27+287 n (%) n (%)
n (%) Surgery Type
Sex Open reduction with pin
S 6 (6.5 0
Male 53 (53%) fixation (6.5%)
Female 47 (47%) Closed reduction with 0 0
Side pin fixation 8(8.6%) 6(85.7%) <0.0012
Right 41 (41%) Closed reduction with
Left 59 (59%) medial mini-open 79 (84.9%) 1(14.3%)
lincision and pin fixation
Fracture type
Data presented as n (%)
3A 87 (37%) *Fisher-Freeman-Halton test
3B 50 (50%)
4 13 (13%) Table V. Distribution of nerve injury by surgery type

Data expressed as mean + standard deviation or n (%)

The median age of patients by fracture type was 6
years (range 4-16) for type 3A, 6 years (range, 5-16)
for type 3B, and 7 years (range, 5-15) for type 4.
There was no significant difference in age distribution
between fracture types (p=0.392).

All fractures were treated with cross fixation using K-
wires under general anesthesia. A closed reduction
was performed in 94% of patients, while 6% required
open reduction. K-wires were removed 4 weeks
postoperatively. A two-week rehabilitation program
was conducted at the physical therapy clinic.
Preoperative nerve damage assessment showed no
nerve damage in 91% of patients, whereas 5% had
ulnar nerve damage, 2% had median nerve damage,
1% had radial nerve damage, and 1% had both median
and radial nerve damage. Postoperatively, 93 patients
had no nerve damage, while 7 developed new
peripheral nerve injuries. Ulnar nerve injury was most
common (6%, n=6), followed by median nerve injury
in 2 patients and radial nerve injury in 1 patient. A
significant association was found between surgical
technique and postoperative nerve injury (p<0.001)
(Tables IV and V). Subgroup analyses revealed that all
six patients with postoperative ulnar nerve injury had
undergone closed reduction and percutaneous pinning,
whereas no postoperative ulnar nerve injury occurred
with the medial mini-open approach or open reduction
with percutaneous pinning (p<0.001).

No combined postoperative nerve deficits were
observed. Patients were followed clinically without
electroneuromyography or nerve conduction studies.
Five patients underwent early postoperative
exploration, and median pin irritation was detected,
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Postoperative Nerve Injury
Surgery Type None Ulnar | Median |p-value
Open reduction with pin
fixation 6(6.5%) 0 0
Closed reduction with pin
fixation 8(8.6%) | 6(100%) 0 <0.0012
Closed reduction with
medial mini-open incision | 79 (84.9%) 0 1(100%)
and pin fixation

Data presented as n (%)
“Fisher-Freeman-Halton test

The mean MEPS in our cohort was 93.3+£6.75.
According to the Mayo classification, outcomes were
excellent in 83% of patients, good in 16%, and
moderate in 1% (Table VI).

Table VI.
| n (%)
IMayo Elbow Performance Score (MEPS) (93.3 +6.75
|Mayo Classification
Excellent 83 (83%)
Good 16 (16%)
Moderate 1(1%)
|Preop Nerve Injury
No injury 91 (91%)
Ulnar 5(5%)
Median 2 (2%)
Radial 1(1%)
Median+Radial 1(1%)
|Postop Nerve Injury
No injury 93 (93%)
Ulnar 6 (6%)
Median 1(1%)

Data expressed as mean = SD or n (%).



Discussion and Conclusiin

Peripheral nerve damage due to supracondylar
fractures occurs in approximately 12% of cases’, with
some series reporting rates up to 16%. The ulnar nerve
was the most commonly injured nerve in our cohort,
consistent with findings by Kwok et al.'' and Chrenko
et al’ Supracondylar fractures typically occur
between the ages of 5 and 8§, and the mean age of 7.2
years in our cohort aligns with the literature'”.

Closed reduction and percutaneous pinning are
considered the standard surgical approach for
displaced SCHFs, although there is no universally
accepted treatment protocol'>'. In the present study,
the incidence of nerve palsy in type III fractures
(19.3%) was significantly higher compared to type II
(0.9%). This finding is consistent with rates observed
in a large series (n=709) reported by Oetgen et al.
(perioperative nerve palsy rates of 12.1% and 1.5%,
respectively)”.

Nerve injury in SCHFs may develop depending on the
trauma mechanism and the displacement of humeral
fragments. The ulnar nerve is particularly vulnerable
to intraoperative injury during medial closed pinning.
Postoperative ulnar nerve injury may result from
direct pin irritation or callus formation compressing
the nerve. Many surgeons prefer percutaneous pinning
with a cross-pin configuration, as it provides the
greatest mechanical ~stability'*?'. The rates of
iatrogenic ulnar nerve injury vary depending on the
surgical technique employed. These rates have been
reported in studies utilizing methods such as blind
identification and manipulation of the nerve®™,
intraoperative nerve monitoring electrodes®, and
ultrasound guidance®®. Most of the studies reporting
the lowest rates of ulnar nerve injury involved the use
of mini-open techniques enabling direct visualization
of the nerve'*2**"?® In the present study, all six cases
of postoperative ulnar nerve injury occurred with
blind pinning after nerve identification by palpation.
In contrast, no iatrogenic nerve injuries occurred in
patients who underwent medial mini-open technique
or open reduction. This finding aligns with Rees et
al.’s 2018 study, which reported the mini-open
technique as a safe method for minimizing iatrogenic
ulnar nerve injury”’. Our findings suggest that using
the medial mini-open technique for pinning may
reduce the risk of nerve injury, consistent with the
literature.

In the literature and clinical practice, most nerve
injuries following SCHFs are managed conservatively,
assuming a temporary neurapraxia. However, the
duration of this management strategy, follow-up
protocols, and treatment response criteria are
unclear’®®. For cases involving cross-pinning and
postoperative iatrogenic ulnar nerve palsy, there is no
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consensus on management”. Some authors®**
recommend clinical observation and a conservative
approach, while others suggest early wire removal®>,
repositioning and/or surgical exploration’™* of the
ulnar nerve. In our study, all patients with
postoperative iatrogenic ulnar nerve palsy underwent
early surgical exploration. The main reason for this
approach was that, in all of these cases, medial
pinning had been performed using a percutaneous
technique without direct visualization of the ulnar
nerve. This situation increases the likelihood of direct
pin irritation, compression, or transfixation of the
nerve, thereby making early surgical exploration a
more rational option than conservative observation.
Accordingly, postoperative ulnar nerve palsies
observed in our study cohort were not managed
conservatively under the assumption of simple
neurapraxia; instead, early surgical intervention was
preferred to rule out potential mechanical causes.
Non-operated cases involving nerves other than the
ulnar nerve showed improvement in nerve function
within an mean of 4 weeks. Our study suggests that, in
cases of ulnar nerve palsy following percutaneous
medial pinning, early surgical exploration may
represent a clinically safe and rational option
compared to conservative observation, allowing for
the early assessment of potential mechanical causes.
Considering that all patients who developed
postoperative  ulnar nerve palsy underwent
percutaneous pinning without direct visualization of
the nerve, this approach appears to be potentially
unsafe and may increase the risk of iatrogenic nerve
injury.

Functional outcomes are a key indicator of treatment
success for SCHFs. A previous study evaluated 80
patients who underwent surgical treatment for these
fractures and reported MEPS results of 94.7%
excellent, 4% good, and 1.3% fair”. Another study by
Pavone et al. compared two different pinning
configurations in the surgical treatment of these
fractures, with MEPS results of 98 in the lateral
pinning group and 96 in the crossed pinning group™.
In our study, we found the mean MEPS was
93.3£6.75. When categorized, our results were
consistent with the literature, with 83% of cases rated
as excellent, 16% as good, and 1% as moderate.

Peripheral nerve injuries associated with SCHFs in
children are common and may result from both the
initial trauma and surgical intervention. While many
nerve injuries recover spontaneously, iatrogenic
damage during surgery can lead to permanent
functional deficits. As demonstrated in this study, the
medial mini-open technique, allowing direct nerve
visualization, significantly reduces the risk of ulnar
nerve injuries compared to blind pinning methods.
Our findings align with previous studies'****!. Graff
et al. reported that nerve injuries tend to heal
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spontaneously within the first four months, but
recommended surgical intervention for patients who
do not show recovery within this time frame™.

The main limitations of this study include the
relatively small sample size and its single-center
design, which may limit the generalizability of the
findings. Larger multicenter, prospective studies are
required to generate more robust evidence.
Additionally, conducting thorough neurological
examinations in pediatric patients can be challenging,
potentially affecting the accuracy of nerve injury
assessments. One of the important methodological
limitations of this study is the absence of
electrodiagnostic evaluations, such as
electromyography (EMG) and nerve conduction
studies, which limited the objective and accurate
assessment of nerve injuries. Furthermore, the absence
of radiological measurement analysis restricted a more
detailed evaluation of anatomical alignment and
potential structural abnormalities. Future studies
should employ standardized electrophysiological tests
like EMG during follow-up of nerve injuries to
provide more objective data regarding the type and
progression of nerve recovery. Additionally,
randomized controlled trials comparing different
pinning techniques would help inform clearer surgical
guidelines.

Open medial pin placement during surgery may
prevent iatrogenic nerve injuries in pediatric patients
with SCHFs. A multidisciplinary approach involving

orthopedic  surgeons, physical therapists, and
neurosurgeons can optimize outcomes in these
patients.  Meticulous  neurological  assessment,
appropriate  surgical technique selection, and

interdisciplinary collaboration should be considered
essential components of pediatric SCHF management.
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