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Abstract

Purpose: The aim of the study was to compare the different internal fixations between elastic stable intramedullary
nailing and Kirschner wires in treatment of angulated radial neck fractures.

Methods: We retrospectively reviewed the patients with radial neck fracture without associated injuries who underwent
surgery approach in our department during April 201 |-March 2020. There were 62 patients meeting all the criteria with
complete clinical data, with median age of 7.5 (IQR 5.8-9.5) years, 34 males and 28 females. The preoperative fracture
pattern was assessed according to the Judet classification system. Depending on the materials implanted and fixation
strategy, the patients could be divided into a Kirschner wire group and an elastic stable intramedullary nailing group.
Final functional outcomes of patients were assessed by the Mayo Elbow Performance Score and Tibone—Stoltz functional
evaluation classification.

Results: The Kirschner wire group included 37 patients, with 4.8 years median follow-up. The elastic stable intramedullary
nailing group included 25 patients with 5.9 years median follow-up. There were no significant differences in gender, age,
Judet classification, average operative time, Mayo Elbow Performance Score, Tibone—Stoltz classification, or length of
hospital stay between groups. However, the time to union in the Kirschner wire group was significantly shorter than that
in the elastic stable intramedullary nailing group (p <0.05). Both groups achieved satisfactory functional and cosmetic
results.

Conclusion: In the management of pediatric radial neck fractures, both elastic stable intramedullary nailing and Kirschner
wire internal fixation have shown equivalent therapeutic results, leading to satisfactory functional outcomes. The selection
of the internal fixation approach can be influenced by the patient’s fracture characteristics and the surgeon’s preferences.
Level of evidence: Level lll; Retrospective Comparison; Treatment Study.
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Radial neck fractures in children are rare and constitute
approximately 10% of elbow fractures.! The treatment
approaches relied on the degree of angulation and dis-
placement of the radial neck, and the age of the children.
Conservative treatment is normally the initial choice for
those with angulation of less than 30° and translation of
less than 2mm, while higher degree of displacement is
considered an indication for surgical intervention. In clini-
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cal practice, different surgery strategies exist for reduction
and fixation, such as elastic stable intramedullary nailing
(ESIN) or Kirschner wires (K-W). However, the literature
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evidence is inconclusive as to which is the preferred
option. In this study, we conducted a retrospective analysis
of patients with radial neck fractures who were treated at
our department. We aimed to compare the clinical out-
comes of two different fixation strategies.

Patients and methods

We retrospectively analyzed the patients with radial neck
fractures who had undergone surgical intervention at our
department between April 2011 and March 2020. Patients
with associated injuries, such as nerve damage or concom-
itant fractures, were excluded from the study. These cases
were completed by three senior physicians in the pediatric
orthopedic department, each with a minimum of 20 years
of specialized experience. All patients were followed up
regularly post-surgery. A total of 62 patients with complete
clinical data were included in the study, with a median age
of 7.5 (interquartile range (IQR): 5.8-9.5)years, 34 males
and 28 females. The preoperative fracture pattern was
assessed according to the Judet classification system,? and
the patients were divided into a K-W treatment group and
an ESIN treatment group depending on the implanted
materials and fixation strategy. Specifically, the K-W treat-
ment group had 37 patients, with 13 closed reduction and
24 open reduction, while the ESIN treatment group had 25
patients, with 21 closed reduction and 4 open reduction.
The median follow-up time was 5 (2.2-8.8)years. The
patients in K-W and ESIN groups underwent surgery dur-
ing the same time periods. Final functional outcomes of
patients were assessed by the Mayo Elbow Performance
Score (MEPS), Tibone—Stoltz functional evaluation clas-
sification,’ and measurements of pronation/supination.

Surgical technique

K-W treatment group

Once the patient was successfully anesthetized, they were
placed in a supine position and the forearm was further
pronated to move the posterior interosseous nerve (PIN)
away from the surgical area. First, a percutaneous levering
reduction was conducted to assess the reduction of the
radial head fracture. If an anatomical reduction can be
achieved, two 1.0-mm antegrade K-Ws can be placed to
securely transfix the fracture. The forearm’s flexed and
pronated position facilitates easier K-W fixation. This
approach, coupled with fluoroscopic guidance, can signifi-
cantly enhance the success rate of the fixation process,
avoiding repetitive, rough levering reduction and minimiz-
ing iatrogenic injury. If the fracture cannot be anatomically
reduced or the stability of K-W fixation is insufficient,
then an open reduction is required.

A 3.5-cm skin incision was made on the posterolateral
elbow. Under the protection of the PIN and superficial

branch of the radial nerve, the caput radii and radial neck
were exposed through the brachioradialis muscle and
extensor carpi radialis longus muscle. The fracture was
exposed after the removal of the periosteum and soft tis-
sue, and the fracture was then cleaned to ensure an open
reduction. The radial head was gently repositioned, and
any interposed capsular or ligamentous structures blocking
the reduction were removed. With the guidance of fluoros-
copy, two antegrade K-Ws were placed percutancously to
transfix the fracture. The annular ligament was then
sutured, the pin was bent and cut, and the pintail was
retained in the outer skin (Figure 1).

ESIN treatment group

ESIN fixation for radial neck fracture was first described
by Metaizeau and colleagues,** with the following surgi-
cal procedure. Once the patient was anesthetized, a 0.5—
lcm incision was taken from the dorsal side of distal
radius, careful scissor dissection to the lateral radial cortex
was performed with the protection of epiphysis, taking
care not to damage the superficial radial nerve. An appro-
priately sized ESIN (1/3—1/2 width of internal diameter)
was advanced through the radius to the fracture site.
Extensor tendons, especially extensor pollicis longus,
were encountered and should be carefully shielded during
the opening of the radial cortex.

For patients who have not responded to closed reduc-
tion, a widely adopted approach involves a combination of
percutaneous leverage reduction using K-Ws to align the
fracture, followed by fixation with ESIN.® In this com-
bined technique, the radial head is first reduced using
K-Ws, then permitting successful passage of the distal tip
of ESIN into the proximal fragment. Severe displacement
of the radial head often poses a common challenge. The
technique of percutaneous leverage reduction with two
K-Ws, as described by Du et al.,” has proven effective in
increasing the rate of minimally invasive reduction. The
ESIN should be impacted into the epiphysis for maximal
fixation. With appropriate reduction of fracture, the nail
should be rotated 90°—180° as needed to hook the proximal
fragment. If the percutancous leverage reduction fails,
open reduction at the proximal of radius is needed, and the
surgical procedure is similar with open reduction proce-
dure in the K-W group (as described above). ESIN was
passed across the fracture line to ensure the stability
through the elastic hook structure at the front. At last, the
ESIN should be cut distally, and avoid soft tissue irritation
and extensor pollicis longus fraying from implant promi-
nence (Figure 2).

Postoperative care and follow-up

Following surgery, all patients required immobilization
with an above-elbow cast in a neutral position and flexion
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Figure 1. A 6-year-old girl, at the time of her injury, underwent open reduction and internal fixation with K-W for the fracture.
Following a period of 9years of careful monitoring, she experienced a successful recovery. (a) X-ray film during injury. (b) X-ray film
after open reduction and internal fixation with K-WV for the fracture. (c) X-ray film after removal of internal fixation, 5weeks after
surgery. (d and e) Follow-up of 9years after the fracture, including the patient’s imaging data and activity status.

Figure 2. A 5-year-old boy, at the time of injury, underwent closed reduction and internal fixation with ESIN. After 4years follow-
up, he achieved a favorable outcome. (a) X-ray film after injury. (b) X-ray film after closed reduction and internal fixation with ESIN.
(c) X-ray film after the removal of internal fixation, 9 months after surgery. (d and e) After 4years of follow-up, the patient’s imaging
data and functional activities were recorded.

of 90° for 3—4weeks. Radiographic examinations were fracture union involve the nearly complete disappearance
conducted every week to assess the union of the radial of the fracture line, accompanied by the presence of bridg-
neck fracture. Union time was estimated. The criteria for ing fracture callus that can be discernible at three cortices



Tian et al.

269

on at least two orthogonal radiographs.® K-Ws were
removed once the fracture had united, at 4-6 weeks post-
operatively. ESINs were removed under general anesthe-
sia at 4—6 months postoperatively. Rehabilitation exercise
was instructed to perform with guidance to prevent elbow
stiffness. Clinical evaluations were conducted at each fol-
low-up, including range of elbow movement, elbow carry-
ing angle, and vascular and neurologic examinations. All
the complications were identified and recorded after sur-
gery. Postoperative elbow function was assessed using the
MEPS score and Tibone—Stoltz classification during
follow-up.

Statistical analysis

Statistical analysis was conducted using SPSS 25.0.
Pearson’s chi-square test or Fisher’s exact test were used
to measure the differences when appropriate. A p-value of
less than 0.05 was considered statistically significant. Post
hoc power analysis was performed with G*Power (3.1.9.7,
Dusseldorf, Germany).

Results

In the K-W treatment group, there were 37 patients with 18
males and 19 females, with a median age of 7.5 (IQR 5.7—
9.6) years. In addition, 13 patients underwent percutancous
levering with closed reduction, and the other 24 patients
were with open reduction (Table 1). The median follow-up
was 4.8 (2.2-8.8) years and the average hospital stay was
4.30days. The average operative time was 1.27 h. The dis-
tribution of fracture severity via Judet class was as fol-
lows: 12 IIs (<30°), 16 IIIs (30°-60°), 6 TVa (60°-80°),
and 3 IVb (>80°). In the K-W group, there was one patient
with superficial infection caused by the tail of the K-W and
recovered quickly after taking out the K-W. In addition, no
avascular necrosis or other complications were found
(Table 2). The time of union ranged from 4 to 6 weeks,
with an average of 5weeks, and one patient with open
reduction had union at 7weeks. The average MEPS score
was 98.2, with a range of 85-100. According to the
Tibone—Stoltz classification, three patients were rated as
good and the others as excellent. Most patients had a suc-
cessful recovery, with the exception of one child who had
mild supination restriction

In the ESIN treatment group, there were 25 patients
with 16 males and 9 females, and 21 closed reduction and
4 open reduction with a median age of 7.5 (IQR 6.0—
9.3)years (Table 3). The median follow-up was 5.9 (2.7—
8.5) years and the average hospital stay was 4.32 days. The
average operative time was 1.30 h. The distribution of frac-
ture severity via Judet class was as follows: 7 IIs, 15 IlIs, 2
IVa, and 1 IVb. In the group, two patients experienced skin
irritation, and there were no cases of extensor pollicis lon-
gus tendon injury. The time of union ranged from 5 to

6 weeks, with an average of 5.7weeks, and one patient
with open reduction had union at 12 weeks. The average
MEPS score was 97.4, with a range of 80—100 (Table 4).
According to the Tibone—Stoltz classification, one patient
was rated as fair, two patients as good, and the others as
excellent. In one patient, there was postoperative displace-
ment leading to malunion, and another patient had myosi-
tis ossificans around the elbow.

Comparison between the two groups revealed no statis-
tic differences in gender, age, Judet classification, average
operative time, MEPS score, Tibone—Stoltz classification,
or length of hospital stay. The pronation and supination
degrees showed no significant difference between the two
groups. Both ESIN and K-W internal fixation methods are
reliable and satisfactory functional outcomes. However,
the time of union was shorter in the K-W group than in the
ESIN group (p<<0.05) (Tables 5-7). When comparing
open reduction in the K-W group to closed reduction in the
ESIN group, there were no statistic differences in gender,
age, Judet classification, average operative time, MEPS
score, Tibone—Stoltz classification, or length of hospital
stay. However, in the open reduction K-W group, there
was a longer average operative time and a shorter time of
union. Post hoc power analysis was performed using
G*Power (3.1.9.7, Dusseldorf, Germany), the outcomes in
the two groups were assessed using chi-squared tests for
contingency tables, and t-tests within the test family
revealed the powers in this study were more than 0.8.

Discussion

Radial neck fracture was the third place in elbow fracture
of children ranked after supracondylar and lateral condyle
fractures, make up 1%-3% of all children’s fractures.” The
mean age of injury is between 9 and 10years in general
population of children,'® which is consistent with our
research. The treatments range from non-surgical treat-
ment to closed reduction or open reduction with internal
fixation according to the angulation extent.!! There was no
study that showed which kind of displacement causes dys-
function, so most researchers suggested no more than
2mm displacement was allowed in radial neck fracture.
The radial head may lead to avascular necrosis and non-
union with significant displacement due to the anatomy
structure. Operative treatment is considered when dis-
placement remains over 2 mm, angulation is greater than
45° (age < 10years) or greater than 30° (age > 10 years)—
most importantly joint incongruity, and for open injuries.
From our research data, it becomes apparent that 32% of
the patients within the K-W group held a Judet II classifi-
cation, while an equivalent of 28% within the ESIN group
shared the same Judet II classification. The average age
recorded was 8.2 years. On meticulous examination of this
patient cohort’s data, it emerges that the angulation
remained confined within the 30°. However, an evident
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Table |I. Patients’ characters in K-W treatment group.

Patients number Gender Age Side Mechanism of injury Judet class Translation (mm)
K-1 Female 5.1 Left Fall off the toddler slide Judet 1l >5
K-2 Male 6.4 Right Fall while playing Judet Il 5
K-3 Male 9.3 Left Fall injury Judet Il 5
K-4 Male 1.3 Right Fall from a height Judet I 5
K-5 Male 14.5 Right Traffic accident Judet [Va >5
K-6 Female 6.1 Right Fall injury Judet Il 5
K-7 Female 5.7 Left Traffic accident Judet Il 4
K-8 Female 7.5 Right Fall injury Judet Il 5
K-9 Female 4.7 Right Fall from a vehicle Judet Il 5
K-10 Female 84 Right fall injury Judet Il 4
K-11 Male 7.5 Left Fall injury Judet IVb >5
K-12 Female 10.7 Right Fall injury Judet Il 5
K-13 Male 9.6 Right Fall injury Judet IVb >5
K-14 Female 10.5 Left Fall injury Judet IVb >5
K-15 Male 9.3 Left Fall while playing Judet I 3
K-16 Female 5.8 Left Fall while playing Judet Il 4
K-17 Female 7.1 Right Fall while playing Judet Il 5
K-18 Female I Left Fall while playing Judet Il 5
K-19 Male 4.5 Left Fall while playing Judet Il 4
K-20 Male 82 Left Fall while playing Judet Il 5
K-21 Female 5.7 Right Fall while playing Judet I 5
K-22 Female 10.9 Left Fall while running Judet Il 4
K-23 Male 9.5 Right Tripped by other children Judet Il >5
K-24 Female 9.6 Right Fall while playing Judet IVa >5
K-25 Female 5.6 Right Fall while playing Judet 1l 4
K-26 Male 12.6 Right Fall while playing Judet Il 5
K-27 Female 7.1 Left Bicycle fall Judet IVa >5
K-28 Male 6.2 Right Fall while playing Judet I 5
K-29 Male 5.1 Right Fall while playing Judet I 5
K-30 Male 9.3 Left Fall while playing Judet Il >5
K-31 Male 13.4 Left Fall while walking Judet Il 5
K-32 Female 7.5 Right Fall while playing Judet Il 5
K-33 Male 4.3 Left Fall while playing Judet Il 4
K-34 Male 35 Left Fall while playing Judet [Va 5
K-35 Female 85 Right Fall while walking Judet IVa >5
K-36 Male 72 Left Fall while walking Judet [Va >5
K-37 Female 53 Left Fall while playing Judet Il 5

K-W: Kirschner wires.

displacement surpassing 50% (>2mm) manifested dis-
tinctly in the horizontal or lateral X-ray images. Cognizant
of the potential risk inherent in deformity healing, the
decision to proceed with surgical treatment has been judi-
ciously made. Children with radial neck—limited displace-
ment and non-surgical treatment generally result in
superior outcomes compared to severely displaced frac-
tures requiring surgical intervention.'?

K-W fixation was a traditional technique in the surgery
of radial neck fracture of children, where literature had
reported the clinical effect. Kalem et al.' reported that in
11 patients with radial neck fracture who received closed
reduction with K-W fixation, 82% were excellent and 18%

were good according to the Métaizeau classification.
Tarallo reported that 12 cases used percutaneous reduction
with K-W fixation, there were 8 excellent results and 1 fair
case based on the MEPS.'* Also, in Cha’ research, 13 pedi-
atric patients with radial neck fractures who had received
percutaneous reduction and fixation using K-W, excellent
clinical results were achieved in 11 (84.6%) patients, good
results in 1 (7.6%), and fair results in 1 (7.6%).'* In our
study, in the K-W group patients, the average score of
MEPS was 98.2, 34 (91.9%) patients were excellent and
others were good. The results were consistent with these
previous studies. ESIN technique was first described by
Metaizeau in 1980 and has been popularized in pediatric
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Table 3. Patients’ characters in ESIN treatment group.

Patients’ Gender Age Side Mechanism of injury Judet class Translation
number (mm)
E-1 Female 52 Left Fall from pedal car Judet I 3
E-2 Male 13.2 Left Fall while rope-jumping Judet I 3
E-3 Male 7.5 Right Fall injury Judet llI 5
E-4 Female 10.6 Right Fall from the scooter Judet I 4
E-5 Male 6.1 Left Fall injury Judet Il 5
E-6 Male 6 Right Fall injury Judet Il 4
E-7 Male 82 Right Fall injury Judet Il 5
E-8 Male 7.1 Left Fall while playing Judet Il 3
E-9 Male 1.6 Left Bicycle fall Judet Il 5
E-10 Female 52 Left Fall injury Judet I 4
E-11 Male 7.5 Right Fall from parallel bars Judet IVa >5
E-12 Male 72 Left Fall injury Judet I 4
E-13 Female 8.1 Left Fall injury Judet IVa >5
E-14 Female 9.1 Left Fall injury Judet I >5
E-15 Female 4.7 Right Fall injury Judet I 4
E-16 Female 1.5 Left Tripped by other children Judet I 5
E-17 Male 6.7 Left Fall injury Judet Il 4
E-18 Male 9.4 Left Fall injury Judet Il 4
E-19 Male 12.2 Left Fall while running Judet Il 5
E-20 Female 7.8 Left Fall injury Judet I 5
E-21 Male 6.5 Left Fall while rope-jumping Judet IVb >5
E-22 Male 5.8 Left Fall while playing Judet I 5
E-23 Male 4.6 Right Fall while playing Judet I 5
E-24 Male 6.3 Left Tripped by stone Judet 1l 3
E-25 Female 8.6 Left Bicycle fall Judet Il 4

ESIN: elastic stable intramedullary nailing.

orthopedic surgery.*'® In a retrospective review of 101
Judet III and IV radial neck fractures in children who
underwent reduction with ESIN, there were 65.3% excel-
lent (66 cases), 18.8% good (19 cases), 11.9% fair (12
cases), and 4.0% bad (4 cases) results in these patients.!” In
a study with 24 patients with radial neck fractures and with
closed reduction and ESIN fixation, there were 23 excel-
lent results and 1 good result based on the MEPS.!® In
another retrospective study, a total of 24 patients showed
good QuickDASH score treated by ESIN.! In our ESIN
group patients, the average score of MEPS was 97.4, 22
(88%) patients were excellent, 2 patients were good, and 1
patient was fair. The patients treated with ESIN technique
had a favorable prognosis.

Between the two groups stratified by internal fixation
material, there were no significant difference in the thera-
peutic efficacy, including MEPS scores and Tibone—Stoltz
classification. This means the two kinds of surgery method
are suitable for radial neck fracture in children. The heal-
ing time in K-W group was shorter than ESIN group (5 vs
5.7weeks); but according to the previous study, healing
usually occurs within 4-6 weeks, and the healing time in
two groups was in the normal range. There was no differ-
ence between the Judet classification between the groups,

but the rate of open reduction in the K-W group was sig-
nificantly higher than that in the ESIN group. This may be
due to the difficulty of K-W fixation technique with closed
reduction, as it is difficult to obliquely fix the fracture line
by K-W, as the proximal part of the fracture is mainly of
cartilage which is small and unapparent under fluoroscopy.
The forearm’s flexed and pronated position facilitates eas-
ier K-W fixation. This approach, coupled with fluoro-
scopic guidance, can significantly enhance the success rate
of the fixation process. It is crucial to highlight that the
transfixation of the radial neck with a K-W poses potential
risks of severe neurological and mechanical complica-
tions, particularly the risk of PIN damage, and the forma-
tion of a bone bridge at the proximal radioulnar joint. To
mitigate the possibility of PIN injury during closed reduc-
tion, it is recommended to position the forearm in a flexed
and pronated state, effectively keeping the PIN away from
the surgical area. In addition, caution should be exercised
to prevent the penetration of the K-W tip into the adjacent
ulna, minimizing the risk of further complications. This
precautionary approach is essential to ensure the safety
and success of the procedure while minimizing potential
adverse outcomes. In open reduction patients, one case of
K-W patient’s fracture healed after 7weeks post-surgery
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Table 5. Comparations between the two groups.

Variable K-W group ESIN p

Patients, n 37 25 -

Median age, years 7.5 (IQR 5.7-9.6) 7.5 (IQR 6.0-9.3) 0.89
Male, n (%) 18 (48.6%) 16 (64%) 0.24
Operation duration, h .27 =042 1.30£0.36 0.77
Hospital stay, days 430%1.22 432+1.21 0.94
Median follow-up, years 4.89 = 1.82 589+ 1.54 0.02
MEPS 98.24 + 3.57 97.4*6.14 0.50
Time to union, weeks 5.05+0.58 5.96 = 1.33 0.01
Pronation 79.59 £6.70 80.8+7.45 0.51
Supination 83.27 =475 84+6.77 0.62

K-W: Kirschner wires; MEPS: Mayo Elbow Performance Score; ESIN: elastic stable intramedullary nailing.

Table 6. Judet classification distribution of two groups.

K-W group ESIN
Judet I 12 7
Judet 1l 16 15
Judet IVa 6 2
Judet IVb 3 |
Pearson’s chi-square 2.104
P 0.55

K-W: Kirschner wires; ESIN: elastic stable intramedullary nailing.

Table 7. Tibone-Stoltz classification in K-W group and ESIN
group.

K-W group ESIN
Excellent 34 22
Good 3 2
Fair 0 I
Pearson’s chi-square 1.505
P 0.47

K-W: Kirschner wires; ESIN: elastic stable intramedullary nailing.

and one ESIN patient’s fracture healed after 12 weeks.
Given the limited size of the study sample, drawing a
definitive conclusion about whether open reduction leads
to delayed healing is challenging. Nevertheless, it remains
crucial to be cautious and take measures to reduce any
potential interference with the blood supply during surgi-
cal procedures. This will help ensure optimal healing
conditions.

The consensus in the literature that open reduction is
one of the most contributing factors for postoperative poor
prognosis in patients with radial neck fracture.?’ Some
scholars argued that the outcomes are most closely corre-
lated with the injury severity, not the open reduction.?!?? In
our K-W group, there were 24 patients with open reduction
and 13 patients with percutaneous leverage closed reduc-
tion, the average operative time and length of hospital stay
in 24 patients with open reduction were longer than

patients with closed reduction, but there was no difference
in MEPS and Tibone—Stoltz classification compared with
two groups. The reason may be that there was no differ-
ence in Judet classification between the two groups. Our
results support this conclusion that prognosis is mainly
dependent on initial injury severity.

Falciglia holds the view that premature physeal closure
and necrosis of the radial head are significant factors that
affect the function of the elbow joint, which are closely
associated with greater Judet classification, higher fracture
angulation, and increased invasive interventions and iatro-
genic injury.?® Since ESIN passes through the epiphyseal
line, it may lead to premature physeal closure, which is also
the reason why some scholars are skeptical of this tech-
nique. However, in our ESIN group, no premature physeal
closure was found, and the function of most patients was
good. ESINs can not only fix fracture line but also can rota-
tionally reduce the fracture through the elastic hook struc-
ture at the front to ensure the stability. However, there was
one case of postoperative displacement, resulting in mal-
union, which heightened our alertness to its fixation strength.
Patients with K-W fixation could have the internal fixation
removed in the outpatient department after the fracture heal-
ing without a second surgical procedure of hospitalization.
ESINs need to be removed under general anesthesia for a
second time and with longer indwelling time, which
increased the length of hospital stay and expenses, the costs
are a considerable expense in developing countries.
Therefore, some surgeons tend to opt for K-W fixation.

According to the mid-term follow-up of this study, the
therapeutic effect of the ESIN group was not superior to
that of the K-W group. Therefore, K-W fixation can also
be regarded as an option for surgical treatment. Thus, it is
essential to select the suitable internal fixation for pediatric
orthopedic surgeons to minimize open reduction and
reduce the occurrence of complications. This study is a
single-center retrospective study and the research level is
relatively low, a large-scale, multi-center prospective stud-
ies are required to explore the treatment effects of different
methods on pediatric radius neck fractures.



Tian et al.

275

Conclusion

In the management of pediatric radial neck fractures, both
ESIN and K-W internal fixation have shown equivalent
therapeutic results, leading to satisfactory functional out-
comes. The selection of the internal fixation approach can
be influenced by the patient’s fracture characteristics and
the surgeon’s preferences. By minimizing repetitive reduc-
tion maneuvers and reducing the risk of vascular compro-
mise, the combination of cast fixation contributes to
positive treatment outcomes.

Author contributions

K.T. involved in acquisition, analysis and interpretation of data,
and originally drafted the article. J.C. performed data curation,
and analysis and interpretation of the data. X.P. reviewed and
edited the article. Yu.L. participated in analysis and interpreta-
tion of data, conflict of interest statement statistical expertise,
and supervision. T.L. contributed to conception and design of the
study, and acquisition. Ya.L. conceived and designed the work,
and contributed to surgical technical support.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Ethical approval

The study was approved by the Ethics Committee of the
Shandong Provincial Hospital affiliated to Shandong First
Medical University, with the approval no. 2022-003. All proce-
dures performed in studies involving human participants were
conducted in accordance with the ethical standards of the institu-
tion and with the Declaration of Helsinki.

Funding

The author(s) disclosed receipt of the following financial sup-
port for the research, authorship, and/or publication of this
article: The research was funded by Hebei Province Medical
and Health Science and Technology Development Plan (grant
no. 20230730).

Informed consent

Informed consent was not required as this study includes com-
pletely anonymized radiographs and no individual identifying
information.

Supplemental material

Supplemental material for this article is available online.

References

1. Landin LA. Fracture patterns in children. Analysis of 8,682
fractures with special reference to incidence, etiology and
secular changes in a Swedish urban population 1950-1979.
Acta Orthop Scand Suppl 1983; 202: 1-1009.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Judet J, Judet R and Lefranc J. [Fracture of the radial head in
the child]. Ann Chir 1962; 16: 1377-1385.

. Tibone JE and Stoltz M. Fractures of the radial head and neck

in children. J Bone Joint Surg Am Vol 1981; 63(1): 100-106.
Metaizeau JP, Lascombes P, Lemelle JL, et al. Reduction and
fixation of displaced radial neck fractures by closed intramed-
ullary pinning. J Pediatr Orthop 1993; 13(3): 355-360.
Métaizeau JP. Reduction and osteosynthesis of radial neck
fractures in children by centromedullary pinning. Injury
2005; 36(Suppl. 1): A75-A77.

Fan'Y, Xu W, Liu Q, et al. Modified Kirschner wire percuta-
neous rotation prying reduction combined with elastic stable
intramedullary nailing in children with Judet IV radial neck
fracture. BMC Musculoskel Disord 2023; 24(1): 881.

Du X, Yu L, Xiong Z, et al. Percutaneous leverage reduc-
tion with two Kirschner wires combined with the Métaizeau
technique versus open reduction plus internal fixation with a
single Kirschner-wire for treating Judet IV radial neck frac-
tures in children. J Int Med Res 2019; 47(11): 5497-5507.
Strelzow JA and Grewal R. Chapter 22—predicting union
of scaphoid fractures. In: Buijze GA and Jupiter JB (eds)
Scaphoid  fractures: evidence-based management. New
York: Elsevier, 2018, pp. 199-208.

Kang S and Park SS. Predisposing effect of elbow alignment
on the elbow fracture type in children. J Orthop Trauma
2015; 29(8): €253—e258.

Kumar S, Mishra A, Odak S, et al. Treatment principles,
prognostic factors and controversies in radial neck fractures
in children: a systematic review. J Clin Orthop Trauma
2020; 11(Suppl. 4): S456-S463.

Dietzel M, Scherer S, Esser M, et al. Fractures of the proxi-
mal radius in children: management and results of 100 con-
secutive cases. Arch Orthop Trauma Surg 2022; 142(8):
1903-1910.

Nicholson LT and Skaggs DL. Proximal radius fractures in
children. J Am Acad Orthop Surg 2019; 27(19): e876-86.
Kalem M, Sahin E, Kocaoglu H, et al. Comparison of two
closed surgical techniques at isolated pediatric radial neck
fractures. Injury 2018; 49(3): 618—623.

Tarallo L, Mugnai R, Fiacchi F, et al. Management of dis-
placed radial neck fractures in children: percutaneous pin-
ning vs. elastic stable intramedullary nailing. J Orthop
Traumatol 2013; 14(4): 291-297.

Cha SM, Shin HD, Kim KC, et al. Percutaneous reduction
and leverage fixation using K-wires in paediatric angulated
radial neck fractures. Int Orthop 2012; 36(4): 803—809.
Meng H, Li M, Jie Q, et al. Effect analysis of different meth-
ods on radial neck fracture in children. Sci Report 2023;
13(1): 1181.

Yang L, Yang X, Zuo J, et al. A retrospective review of
101 operatively treated radial neck fractures in children and
analysis of risk factors for functional outcomes. Injury 2022;
53(10): 3310-3316.

Qiao F and Jiang F. Closed reduction of severely displaced
radial neck fractures in children. BMC Musculoskel Disord
2019; 20(1): 567.

Guyonnet C, Martins A, Marengo L, et al. Functional out-
come of displaced radial head fractures in children treated
by elastic stable intramedullary nailing. J Pediatr Orthop B
2018; 27(4): 296-303.



276

Journal of Children’s Orthopaedics 18(3)

20.

21.

Hemmer J, Happiette A, Muller F, et al. Prognostic factors
for intramedullary nailing in radial neck fracture in children.
Orthop Traumatol Surg Res 2020; 106(7): 1287-1291.
Gutiérrez-de la Iglesia D, Pérez-Lopez LM, Cabrera-
Gonzalez M, et al. Surgical techniques for displaced radial
neck fractures: predictive factors of functional results. J
Pediatr Orthop 2017; 37(3): 159-165.

22.

23.

Baghdadi S, Shah AS and Lawrence JTR. Open reduction of
radial neck fractures in children: injury severity predicts the
radiographic and clinical outcomes. J Shoulder Elbow Surg
2021; 30(10): 2418-2427.

Falciglia F, Giordano M, Aulisa AG, et al. Radial neck frac-
tures in children: results when open reduction is indicated. J
Pediatr Orthop 2014; 34(8): 756-762.



