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ABSTRACT

Objective: The aim of this study was to analyze the outcomes of treatment and the rate of complications in children treated with
flexible intramedullary nailing (FIN) for radial neck fractures.

Methods: The study included 26 children (11 males and 15 females) with a median age of 9.5 years, treated with FIN for the
radial neck fractures between May 2011 and May 2018. Immobilization after the surgery was not used. The median follow-up
was 41 months. According to the Judet classification, 15 fractures were classified as type IIl and 11 as Type IV. For each patient,
clinical, radiological, and disability of the arm, shoulder, and hand (DASH) scores were calculated.

Results: All patients achieved complete radiographic healing at a median of 5 weeks. The nails were removed at a median of 4
months. The rate of complications was 11.5%, including 1 radial head necrosis, 1 angulation of 15°, and 1 displacement of the ra-
dial head. Twenty patients (76.9%) achieved a perfect clinical healing, while 23 patients (88.5%) achieved a perfect radiological
healing. The median DASH score was 1.25. No cases of delayed healing were recorded. After removing of the nails, all patients
returned to full function of the extremity and all complications were resolved.

Conclusion: The use of FIN for treating fractures of the radial neck in children shows very good functional and cosmetic results.
It allows mobilization with rapid pain reduction. It is a minimally invasive, simple, and reproducible technique with a low rate
of complication. Owing to excellent results, surgical stabilization of radial head and neck fractures using FIN is recommended

in children and adolescents.

Level of Evidence: Level IV, Therapeutic study

Introduction

Radial neck fractures are very infrequent in children.
Fractures of the neck of the radius constitute only 1%
of all fractures and 5 to 14% of elbow fractures (1-4).
They involve all age groups with a peak incidence at
around 9 to 10 years of age (4). According to the Judet
classification of radial neck fractures, most authors
agree that minor degrees of angulation (Judet I and
II) can be accepted and treated with immobilization
alone. The more severely angulated and displaced
fractures (Judet III and IV) can be treated with closed
reduction, percutaneous pin reduction, intramedul-
lary pin reduction with Kirschner wires (K-wire) or
elastic stable intramedullary nailing, and open re-
duction with or without internal fixation (1-7). Open
reduction permits anatomical reduction but involves
a high risk of avascular necrosis of the radial head,
and whenever possible conservative treatment is pre-
ferred by the majority of surgeons (1-5, 7-11). The ra-
dial head and its blood supply can be damaged by the
initial trauma itself and by surgical manipulation such
as in open reduction. In 1980, Métaizeau described
the technique of intramedullary reduction and fix-
ation of the displaced radial neck fracture using a
K-wire (2). This permits extracapsular but intramed-
ullary reduction and fixation, and early mobilization.

In 1993, he further developed this method to reduce
and fix the displaced radial neck fracture using flex-
ible intramedullary nailing (FIN) (3). Several authors
have reported good results using this method (1-11).

The purpose of this study was to evaluate the clinical
and radiological outcomes of treatment and the rate
of complications of radial neck fractures in children
treated with FIN, according to Métaizeau.

Materials and Methods

Patients

The case records of 27 children (12 males and 15
females) treated with FIN, from May 2011 to May
2018, were retrospectively reviewed. The study was
approved by the ethics committee of our hospital. One
patient was excluded from the study because he met
one of the exclusion criteria. Therefore, 26 patients
(11 males, 15 females) participated in the follow-up
examination. Exclusion criteria were patients un-
der 3 or older than 17 years of age, patients with a
radial head and neck fracture treated conservatively,
patients with a radial head and neck fracture treated
surgically with another method, patients operated in
another institution, patients with incomplete data, or
those who have been followed up for less than 1 year.
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In all patients, information about age, sex, side involved, trauma mech-
anism, type of fracture, associated injuries, neurovascular status, heal-
ing time, complications, operation time, duration of hospital stay, time
to implant removal, and whether the fracture was closed or open were
analyzed. For each patient, clinical, radiological, and the disability of
the arm, shoulder, and hand (DASH) scores were calculated. The study
was approved by the institutional review board of our hospital. Demo-
graphic and clinical data of the patients are presented in Table 1.

The most common mechanism of injury was a fall on the ground
floor, which was the cause of 9 fractures, followed by 5 falls from
the trampoline, 5 falls from the bike, 4 sport injuries, 1 fall from a
horse, 1 fall from a ladder, and 1 motorcycle crash. Six of the patients
had associated injuries. The most common associated injury was an
olecranon fracture (n=4), followed by Monteggia fracture (n=1) and
luxation of the elbow (n=1).

Radiographic assessment

All children underwent full-length anteroposterior (AP) and lateral (LL)
radiographs of the injured arm. Displacement was assessed on full-
length AP and LL radiographs of the injured arm (Figure 1). Angulation
is the angle between the axis of the proximal and distal fragments of the
fracture. The fractures were classified according to the Judet classifica-
tion. There were 15 fractures classified as type IIl and 11 as Type IV.

Surgical treatment

Indications for surgery were fractures with angulation more than
60°, loss of reduction after closed treatment and casting, and inability
to achieve stable initial reduction with closed treatment.

All children were treated under general anesthesia in the supine
position on a radiolucent operating table. The fracture was first re-
duced by external maneuver in the frontal plane with fluoroscopic
verification. Titanium intramedullary nails (TEN; Synthes® GmbH,
Oberdorf, Switzerland) were used in all patients. The diameter and
length of the nails were selected according to the bone length and
child’s age. An incision was made proximally from the distal radial
physis, carefully protecting the superficial branch of the radial nerve.
Using a drill, an entry point was made 2 cm proximal to the physis.
The nail was attached to a T handle, and using the image intensifier,
advanced proximally with gentle rotational movements until it reach-
es the fracture. External manipulation was used to try and reduce the
fracture as much as possible. The nail was advanced with gentle taps
across the fracture and up to the subchondral bone, avoiding penetra-
tion of the joint. This helps to disimpact the fracture and gives better
anchoring of the nail. Then, the nail was rotated 180° so that the tip
pointed medially, reducing the fracture. If not successful, a second
attempt was made. If the reduction was still not satisfactory, a K-wire
was inserted percutaneously through the fracture from the lateral
side and used as a lever arm to reduce the fracture (9). Finally, the
fracture was stabilized with 1 nail (Figure 2). The nail was removed
when the radiological healing was evident.

HIGHLIGHTS

FIN for treatment of radial head fractures in children shows good
functional and cosmetic results.

FIN is a minimally invasive, cast-free, simple and reproducible
technique.

0 Surgical stabilization of radial head and neck fractures using FIN is
recommended in children and adolescents.

Table 1. Demographic and clinical data, and outcomes of treatment

Demographic data of the patients (n=26)
Sex (n, %)

Girls 15 (57.7)

Boys 11 (42.3)
Age (years)

Median 9.5

IQR 8.75, 11
Lateralization (n, %)

Left 14 (53.8)

Right 12 (46.2)
Clinical data and treatment outcomes
Days before surgery (median, IQR) 1(1, 1.75)
Duration of surgery; min (median, IQR) 25 (20, 35)
Complications (n, %) 3(11.5)
Healing time; weeks (median, IQR) 5 (4, 6)
Nail removal; months (median, IQR) 4(3,5)
Associated injuries (n, %) 6 (23)

IQR: interquartile range

Figure 1. a, b. A 7-year-old male elbow X-ray: (a) anteroposterior and (b)
lateral views with displaced radial neck fracture /Judet type IV

Follow-up

All patients were kept in hospital care after the operation. During
their stay at the hospital, physical therapy was started, which contin-
ued with ambulatory therapy after discharge. Each patient was sub-
jected to intraoperative X-ray imaging after bone repositioning and
titanium elastic nail fixation. Surveillance X-ray imaging was per-
formed 7 days after surgery and after 1 and 3 months, or until com-
plete bone healing. After complete bone healing had been achieved,
the nail was removed under general anesthesia.

DASH score was used to evaluate the subjective clinical results. It is
a disability scoring instrument measuring symptoms and functional
status and consists of 30 questions, scoring from 0 as the best to 5 as
the worst (12). The evaluation comprised a full clinical examination
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of the elbow. Any axis deviation was registered. The range of motion
of the elbow (flexion/extension) and forearm (supination/pronation)
was measured, compared to the contralateral side and the result was
classified according to Métaizeau: Perfect: normal and full range of
movements; Good: the sum of movement’s limitation is <20°; Accept-
able: the sum of movement’s limitation is 20° to 40°; Bad: the sum of
movement’s limitation >40°. The radiological result was evaluated ac-
cording to Ursei as the following: Perfect: anatomical reduction was
achieved; Good: translation or angulations <20°; Acceptable: angula-
tions range from 20° to 40°; Bad: angulations >40°.

Statistical analysis

The data were analyzed using Microsoft Excel for Windows Version
16.0 (Microsoft Corporation, New York, NY, USA) software program.
Distributions of quantitative data were described by means and stan-
dard deviations, or medians and ranges, whereas absolute rates and
percentages were used to describe categorical data.

Table 2. Clinical and radiological outcomes together with the method of reduction

Closed Open Percutaneous
reduction reduction K-wire assisted

Outcome All (n=26) (n=15) (n=5) (n=6)
Clinical

Perfect 20 12 2 6

Good 5 2 3 /

Bad 1 1 / /
Radiological

Perfect 23 14 4 5

Good 2 / 1 1

Bad 1 1 / /

K-wire: Kirschner wire

Results

All patients achieved complete radiographic healing at a median of
5 (interquartile range [IQR] 4, 6) weeks. The nails were removed at
a median of 4 months (IQR 3, 5). The median age at the time of the
surgery was 9.5 (IQR 8.75, 11) years. The median follow-up was 41
(IQR 35, 48) months. The lowest number of fractures was found in
adolescents (n=4, 15.4%) and the highest in elementary school aged
children (n=20, 76.9%). The median of total operative time was 25
(IQR 20, 35) minutes. The median length of hospital stay was 3
(IQR 2, 4) days (Table 1). In 15 (57.7%) of the patients, the fracture
was treated with closed reduction. Owing to difficulty in reduc-
tion and soft tissue interposition, the fracture was reduced with
percutaneous K-wire assistance in 6 (23.07%) patients and with an
open reduction in 5 (19.23%). Complications as a result of the pro-
cedure were recorded in 3 (11.54%) patients and included 1 radial
head necrosis, 1 posterior angulation of 15°, and 1 dislocation of
the radial head. There was no instance of nail migration during
the postoperative period. Out of all patients, 20 (76.9%) achieved a
clinically perfect, 5 (19.2%) achieved a clinically good, and 1 (3.8%)
a clinically bad presentation. Of all 26 patients, 23 (88.5%) patients
achieved a perfect radiological presentation, while 2 (7.7%) pa-
tients achieved a good and 1 (3.8%) patient achieved a bad radio-
logical presentation. Out of all 26 patients, 3 (11.5%) patients, with
an outcome less than perfect, had an open reduction; another 3
(11.5%) had a closed reduction; and 1 (3.8%) patient had a reduc-
tion with percutaneous K-wire assistance (Table 2). Only a child
with dislocation of the radial head was re-operated. There was no
correlation between the method of reduction and the DASH score.
The median DASH score was 1.25 with an IQR ranging from 0 to
3.8 (Table 3).

Table 3. Distribution of patients regarding clinical and radiological outcomes

No Sex Age® Days® Judet Method of reduction Clinical score Radiological score DASH
1 F 10 0 111 Closed Perfect Perfect 0

2 F 9 1 IVa Closed Perfect Perfect 0.8
3 F 10 0 111 Opened Good Good 11.7
4 F 7 0 11 K-wire assisted Perfect Perfect 0

5 M 12 1 IVa Closed Perfect Perfect 0

6 F 5 3 111 Closed Perfect Perfect 0

7 F 9 2 IVa Opened Perfect Perfect 2.5
8 M 14 0 111 K-wire assisted Perfect Good 4.2
9 M 10 0 Vb K-wire assisted Perfect Perfect 0
10 F 9 0 IVb Closed Perfect Perfect 0

11 M 11 0 11 Closed Perfect Perfect 0

12 M 12 1 IVa Closed Good Perfect 6.7
13 F 8 0 111 Closed Perfect Perfect 0

14 F 7 0 11 Opened Perfect Perfect 0.8
15 M 10 0 111 K-wire assisted Perfect Perfect 1.7
16 M 11 1 IVa Closed Perfect Perfect 1.7
17 F 16 1 IVa Closed Perfect Perfect 0

18 F 11 3 Vb Closed Perfect Perfect 0

19 M 11 0 11 Opened Good Perfect 2.5
20 F 9 0 111 K-wire assisted Perfect Perfect 4.2
21 F 9 1 111 Closed Perfect Perfect 2.5
22 F 5 2 11 Opened Good Perfect 5.0
23 M 7 4 Vb K-wire assisted Perfect Perfect 2.5
24 F 9 2 111 Closed Good Perfect 6.7
25 M 10 0 Vb Closed Bad Bad 39.2
26 M 9 0 111 Closed Perfect Perfect 0

“Age at injury, "Days before operation
DASH: disability of the arm, shoulder, and hand; F: female; M: male; K-wire: Kirschner wire
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Figure 2. a, b. Elbow X-ray after closed reduction and fixation using the
flexible intramedullary nail: (a) anteroposterior and (b) lateral views

Discussion

In this retrospective study, we observed that FIN is an effective meth-
od of treating fractures of the radial head and neck in children with
excellent healing results and a low rate of complications. The most
common mechanism of fracture was a fall from the ground level. In
most of the patients, the fracture was reduced by closed reduction.
The healing results and the rate of complications (1 case of radial
head necrosis, 1 case of posterior angulation of 15°, and 1 case of
radial head displacement), following the use of FIN, from our study
coincided with data from other published studies. All complications
were resolved without long-term effects and did not affect the results
of the treatment. A child with a displacement of radial head was
re-operated. Most of the patients achieved a perfect clinical (76.9%)
and radiological (88.5%) healing. Retrospective nature and a small
number of patients are the main limitations of this study.

Most of the fractures of the radial head and neck were historical-
ly treated non-operatively (4, 13-15). Treatment of fractures with
large displacement in children is controversial. Younger children
with good potential for remodeling prefer a conservative approach,
while the operational approach to achieve and maintain the fracture
reduction is recommended in older children with little potential for
remodeling. There is a general agreement that displaced radial neck
fractures with more than 30° angulations (Judet type III and IV frac-
tures) should be surgically treated (16). There are several treatment
possibilities, including percutaneous pin reduction, FIN, and open
reduction with or without internal fixation (4, 17). FIN is an excel-
lent method for the treatment of pediatric fractures with low rate of
complications (18-21). In 1980, Métaizeau proposed intramedullary
nailing as a surgical option for the treatment of radial neck fractures.
The main advantage of intramedullary nailing is that it simultaneous-
ly allows accurate and stable reduction without disturbing the blood
supply (2, 22). Although it was originally described for treatment of
radial neck fractures in children, this technique seems to be promis-
ing for selected cases in adults as well (23).

Eberl et al. reported 42 patients at the age of 3 to 13 years with a
fracture of the radial neck who were treated with FIN. After fol-
low-up with a median of 4 months, 38 patients were found to have
perfect results, 2 patients achieved good results with a loss of 10°
of forearm rotations, and 2 patients achieved bad results with a loss
of forearm rotation of 40° associated with residual pain. Loss of re-
duction was seen in 7 (16.7%) patients, but spontaneous fracture re-
modeling during the further growth process of the anatomic axis of
the proximal radius was observed. Complications associated with the
retrograde nailing technique occurred in just 1 patient (2.4%) (24).
Al-Aubaidi et al. reported that 16 pediatric patients were treated
with FIN for displaced radial neck fractures. With the median DASH
score of 1.25, the clinical examination revealed an excellent axis in
all patients. On radiological examination, 14 patients (88%) healed
in an anatomical position, 1 healed with malunion (6%), and 1 had
pseudoarthrosis (6%) (7). Prathapkumar et al. reported 14 children
operated on because of displaced fractures of the neck of the radius
in children aged 4 to 13 years (4). All 14 patients were initially treated
by closed manipulation to improve the position of the fracture, fol-
lowed by FIN. One patient with an open reduction had a neuroprax-
ia of the posterior interosseous nerve, which recovered completely
after 6 weeks, and later developed asymptomatic avascular necrosis
of the radial head. The functional outcome showed 13 excellent and
1 good outcomes (4). Devgan et al. studied the treatment outcome
of 12 children aged 7 to 9 years. All had a history of a fall on an
outstretched hand with the elbow extended. No patient developed
any postoperative complications (22). Radiographs did not reveal
any complications (22). Klitscher et al. reported 33 children below
16 years of age with Judet type III and IV radial neck fractures who
were treated with FIN (5). Twenty-three patients subjectively rated
the treatment outcome as being excellent, 3 patients as good, and 2
patients as satisfactory. According to the The Mayo Elbow Perfor-
mance rating index, there were 23 (82%) excellent results, 5 (18%)
good results, and no fair or poor results (5). Kalem et al. compared
FIN, as described by Métaizeau, with the closed reduction and per-
cutaneous pinning for radial neck fractures in pediatric population.
They found excellent Mayo elbow performance score in all patients
of both groups (25). Reduction quality was excellent in 8 patients
and good in 2 of the Métaizeau, and excellent in 9 and good in 2
of the closed reduction and percutaneous pinning. The fluoroscopy
and operating times were statistically significantly greater, 3-fold and
2-fold respectively, in the Métaizeau method compared to the closed
reduction and percutaneous pinning with comparable functional and
radiological results (25).

However, the retrospective characteristic is the main limitation of the
study, although we have implemented multiple plausibility checks and
cross-validations in our data collection tool. In addition, further studies
are needed to analyze the same parameters on a larger sample.

FIN for radial head and neck fractures is a minimally invasive, sim-
ple, and reproducible technique and an effective method of treatment
in children with excellent final functional and clinical outcomes and
low complication rate. The method meets all the criteria of minimal-
ly invasive bone surgery. After removing intramedullary nails, all
patients returned to their full function, and all complications were
resolved without long-term effects. Because of the excellent results,
the operative treatment for radial head and neck fractures with FIN
should be recommended to pediatric patients.

Ethics Committee Approval: Ethics committee approval was received for this study
from the Ethical Committee of University Hospital of Split (reference No. 2181-147-
01-06/M.S.-18-2).
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