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ABSTRACT
Objective: To compare the functional outcomes of pediatric radial neck fractures treated with percutaneous reduction
using Kirschner (K) wire with the Métaizeau technique, and that with open reduction plus internal fixation with K-wire.
Study Design: Comparative descriptive study.
Place and Duration of Study: Haseki Training and Research Hospital Orthopedics and Traumatology Department, from
December 2007 to December 2018.
Methodology: Children aged under 15 years, with radial neck fractures were inducted. The injury was classified according
to Judet classification and the type IV was treated with either of the above technique. The inclusion criteria were a diag-
nosis of Judet type IV radial neck fracture and a minimum follow-up of 12 months. Exclusion criteria were patients with
concomitant elbow fracture, follow-up for <12 months, failure to complete the Mayo Elbow Performance Score (MEPS) func-
tional assessment, patients with missing data. Radiological results were evaluated in accordance with the Ursei Classifica-
tion. MEPS was used to assess functional development.
Results: Forty-seven children (25 boys and 22 girls) aged (5–14 years with mean age of 8.57 ± 2.3 years were inducted.
The surgical approach was the Métaizeau technique in 22 patients and open reduction technique in 25 patients. MEPS in
the Métaizeau technique group was 95.2, with excellent results in 15 patients (68%), good results in 7 (31%), and fair or
poor results in none of the patients. The mean MEPS in the open reduction / K-wire group was 88, with excellent, good, fair,
and poor results in 9 (36%), 12 (48%), 4 (16%), and none of the patients, respectively.
Conclusion:  Closed reduction using the Métaizeau technique with  the elastic  stable  intramedullary  nailing method
satisfies all the criteria for minimally invasive bone surgery. This approach was forward to be considerably efficient, with
excellent functional and esthetic outcomes and a low rate of complications if the indications and biomechanical principles
are considered.
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INTRODUCTION

Radial  neck  fractures  are  the  third  most  common type of
elbow fracture in children.1  These fractures often occur in
childhood around the age of 5 years, when the epiphyses
begin to ossify.2 The mechanism of this fracture pattern typi-
cally occurs when the elbow is subjected to valgus loading
while the elbow joint is extended.3
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The displacement and angulation of the fracture provide the main
guidance for choosing the treatment approach in pediatric radial
neck fractures.2,4 These fractures are difficult to treat and can cause
limited elbow motion; in addition, the management of radial neck
fractures  in  children  remains  controversial.5  Although  minor
degrees of angulation can be acceptable for treatment with immo-
bilisation  alone,  displaced  fractures  are  rare  and  may  require
surgery.6

In the surgical treatment of displaced radial neck fractures, open
reduction plus internal fixation with Kirschner wire (K-wire), percu-
taneous  leverage  reduction,  and  the  Métaizeau  technique  and
arthroscopically  assisted  reduction  and  pinning  are  currently
used.7,8 There are studies comparing surgical treatments in the liter-
ature, but it has not been clearly stated which treatment method is
superior.

The aim of this study was to compare the functional outcomes of
pediatric radial neck fractures between treatment with percuta-
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neous reduction using K-wire with the Métaizeau technique and
open reduction plus internal fixation with the K-wire technique.
The hypothesis of the study was that clinical outcomes would be
better in the group of patients operated on with the Métaizeau
closed reduction technique.

METHODOLOGY

This study was conducted retrospectively in accordance with
the ethical standards of the SBU Haseki Training and Research
Hospital  Clinical  Research  Ethics  Committee  and  the  1975
Declaration  of  Helsinki  revised  in  2013.  Ethics  committee
approval was obtained (Decision No. 2020-27, 25/11/2020). All
pediatric patients admitted to the emergency department and
treated for radial neck fractures between December 2007 and
December 2018 were screened using hospital digital records
and patient files. The Judet classification was used for classi-
fying the radial neck fractures (Table I).9 Closed reduction was
performed in the patients by routinely applying the Israeli tech-
nique, and Judet type 3 and 4 fractures with unsuccessful closed
reductions were referred for surgical treatment.10 The inclusion
criteria were a diagnosis of Judet type IV radial neck fracture and
a  minimum follow-up  of  12  months.  Exclusion  criteria  were
patients with concomitant elbow fracture, follow-up for <12
months, failure to complete the Mayo Elbow Performance Score
(MEPS) functional assessment, and patients with missing data.
All the surgeries were performed by two experienced pediatric
surgeons. Depending on the preference of the treating surgeon,
the operation was performed with one of the two different surg-
ical techniques and follow-up. The surgical approach was percu-
taneous leverage reduction with the Métaizeau technique in 22
patients and open reduction plus internal fixation with the K-
wire technique in 25 patients (Figures 1 and 2).

All the procedures were performed under general anesthesia,
with tourniquet and fluoroscopy control. All the patients were
given intravenous first-generation cephalosporin (1 g cefa-
zolin) 1 hour before the operation.

A  bent  and  curved  K-wire  was  inserted  through  a  1-cm
mini-incision  to  protect  the  superficial  radial  nerve  at  the
distal lateral radius, 2 cm proximal to the growth line. The thick-
ness of the K-wire was calculated as two-thirds of the distance
by measuring the narrowest part of the medulla of the radius
on the preoperative anterior-posterior forearm radiograph.
The  K-wire  was  advanced  proximally  with  slight  rotational
movements until reaching the fracture. The surgeon rotated
the tip up to 180° to achieve anatomical reduction of the frac-
ture. Fluoroscopy was used to confirm the reduction. The K-
wire was shortened at the subcutaneous level. Wounds were
sutured first. After the operation, a long arm cast in a neutral
position was applied to all the patients for 2 weeks for pain
relief and stabilization. Two weeks later, physical therapy was
initiated, with a range of motion exercises (passive and active
flexibility exercises) followed by forearm strengthening and
improvement exercises.  The K-wire was removed 8 weeks
later in the operating room under sedation.

Figure 1:  Preoperative, postoperative, and 12-month follow-up radio-
graphs of a patient treated with the open reduction technique. (A) Preoper-
ative anteroposterior roentgenography image showing the displacement
of  the  radial  neck.  (B)  Preoperative  lateral  roentgenography  image
showing the displacement of the radial neck. (C) Postoperative anteropos-
terior roentgenography image showing the open reduction. (D) Postopera-
tive lateral roentgenography image showing the open reduction. (E) Two-
year follow-up anteroposterior roentgenography image showing excel-
lent  results.  (F)  Two-year  follow-up  lateral  roentgenography  image
showing excellent results.

Figure 2. Preoperative, postoperative, and 11-month follow-up radiographs
of a patient treated with the Métaizeau technique. (A) Preoperative antero-
posterior roentgenography image showing the displacement of the radial
neck. (B) Preoperative lateral roentgenography image showing the displace-
ment of the radial neck. (C) Postoperative anteroposterior roentgenog-
raphy image showing the Métaizeau technique. (D) Postoperative lateral
roentgenography image showing the Métaizeau technique. (E) Two-year
follow-up  anteroposterior  roentgenography  image  showing  excellent
results. (F) Two-year follow-up lateral roentgenography image showing
excellent results.

Posterolateral approach was used after placing the patient
placed in the supine position.The anconeus–extensor carpi
ulnaris interval was used to expose the orbicular ligament.
The joint capsule was cut along the brachioradialis muscle
and  spatium  inter  musculare.  Fluoroscopy  was  used  to
confirm the reduction. A 1.5-mm K-wire used to fix the frac-
ture. The pin was bent and cut, the pintail was retained in the
outer skin, and the incision was sutured. After the operation, a
long arm cast was applied in all the patients for 4 weeks for
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pain relief and stabilization. The K-wire was removed after 4
weeks.
Table I: Judet classification.

Type Angulated angle (°) Displacement (%)
I No No
II >30 <1/2 of transverse diameter
III 30-60 >1/2 of transverse diameter
IV >60 Total
Judet IVa: Angulated angle of 60-80°; Judet IVb: Angulated angle >80°

All the patients were followed up regularly for 12 months after
surgery.  Radiological  evaluation was performed using stan-
dard anteroposterior and lateral radiographs. Complete frac-
ture healing was defined as full return to activities of daily living
and sports. Radiological results were evaluated in accordance
with the Ursei Classification.10 MEPS was used to assess func-
tional development.11

Statistical analyses were performed using SPSS software (ver-
sion 20.0; IBM Corp., Armonk, NY, USA). Descriptive statistics
were  expressed  as  means,  medians,  standard  deviations,
ranges, and percentages. Data were tested for normality using
the Kolmogorov–Smirnov test. A comparative analysis of two
independent  groups  was  performed  using  Pearson’s  chi-
square test for categorical variables. An independent samples
t-test was performed for continuous variables in accordance
with normality testing. A two-sided p value of <0.05 was consid-
ered significant. By assuming the difference in the large effect
size between the groups (effect size = 0.55), the sample size
was calculated as 95% power and 43 cases for the alpha signifi-
cance level of 0.05.

RESULTS

A total of 47 patients were included in this study, including 22
girls and 25 boys. Their mean age at the time of surgery was
8.57  ±  2.3  years  (range,  5–14  years).  Both  groups  were
comparable in terms of demographic and clinical characteris-
tics (Table II). All the patients were followed up for minimum 12
months (mean, 17.1 ± 3.76 months; range, 12–24 months).
Bone union was achieved in all patients within a mean time of
4.2 weeks.

Of the 22 patients treated with closed reduction with percuta-
neous reduction using K-wire and the Métaizeau technique, one
had a superficial wound infection and another had a heterotopic
ossification. The superficial wound infection was resolved with a
simple  course  of  parenteral  antibiotic  therapy.  Radiological
imaging revealed that the closed reduction approach did not
affect the clinical results in the patient with heterotopic ossifica-
tion.

Of the 25 patients treated with open reduction and internal
fixation with K-wire, 5 had pin tract infections, 2 had a radial
head  avascular  necrosis  and  one  had  a  transient  posterior
interosseous  nerve  lesion.  The  pin  tract  infections  were
resolved with a simple course of parenteral antibiotic therapy.
The neuropraxia was managed nonoperatively and resolved

spontaneously within 8 months. The complication rate in the
open reduction treatment group was statistically significantly
higher than that in the group of patients who received percuta-
neous reduction using K-wire and the Métaizeau technique (p =
0.014).

The mean MEPS of the patients who received percutaneous
reduction using K-wire with the Métaizeau technique was 95.2,
with excellent, good, and fair or poor results in 15 (68%), 7
(31%), and none of the patients, respectively. The mean MEPS
in the open reduction / K-wire group was 88, with excellent,
good, fair, and poor results in 9 (36%), 12 (48%), 4 (16%), and 0
patients,  respectively  (Table  II).  The  Métaizeau  technique
group showed statistically significantly better results than the
open reduction group in terms of MEPS (p = 0.014).

Postoperative evaluation using the Ursei classification for radio-
logical evaluation, 19 of the 25 patients who underwent the
open  reduction  technique.  Nineteen  (76%)  had  excellent
results and 6 (24%) had good results. Of the 22 patients who
underwent  percutaneous  reduction  using  K-wire  with  the
Métaizeau technique, 20 (90.9%) had excellent results and 2
(9.09%)  had  good  results.  The  Métaizeau  technique  group
showed  statistically  nonsignificant  but  proportionally  better
results than the open reduction group according to the Ursei
classification (p = 0.064).

DISCUSSION

The degree of angulation of the fracture determines the treat-
ment plan for PRNFs. Judet Type 1 and 2 fractures can be treated
non-operatively with short-term immobilization. The majority
of  these  individuals  have  a  good  prognosis  and  functional
outcomes.12,13 The treatment of Judet Type 3 radial neck frac-
tures remains controversial in the literature.14,15 For Judet Type 4
radial neck fractures, surgical treatment is recommended.13 By
including only Judet Type 4 fractures in the study, any effect of
fracture type on treatment outcomes was eliminated.

A  statistically  significant  difference  in  MEPS  was  observed
between the two groups in this study. Functional results were
better in the group of patients treated with closed reduction
and the Métaizeau technique than in the open reduction group.
A statistically significant complication rate was observed in the
open  reduction  and  K-wire  group  as  compared  with  the
Métaizeau technique group. There was no significant differ-
ence between the two groups in terms of neurological complica-
tions. The radiological and functional results of the patients in
the  present  study  were  consistent  with  previous  findings
reported in the literature.

Although many studies have focused on the advantages of the
closed reduction and Métaizeau techniques,16-21  Sirois  et  al.
reported that undesirable radial head inversion during closed
reduction  may  lead  to  minor  complications.22  In  addition,
another study reported that closed reduction of Judet type 4
fractures would be difficult; therefore, open reduction would be
necessary.
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Table II: Comparison of the outcomes of two methods for the treatment of Judet Type IV radial neck fractures.
 
Surgical technique Open reduction with K-wire fixation Percutaneus ascociated Metaizeau technique p-value

Age in year Mean ± SD Median (Min_Max)
8.6 ± 2.3
8 (5-12)
 

8.5 ± 1.5
8 (6-11)
 

0.810

Judet cassification Judet type 4A 18 10 0.06
 Judet type 4B 7 12

MEPS Mean ± SD
Median (Min_Max)

88.0 ± 10.6
85 (70-100)

95.2 ± 7.2
100 (85-100)

 
,010

Complication

Pin tract infection 5 1  
 
0.014
 

PIN deficit 1 0
Avascular necrosis 2 0
Hypertrophic scar 0 0
Heterotopic Ossification 0 1

Operation time mean ± SD 45.4 ±11.5 65.0 ± 10.0 <0.001
PIN: Posterior interosseous nerve; MEPS: Mayo elbow performance score.

In this study, radial head inversion did not occur as a compli-
cation in the closed reduction group. In addition, there was no
case of failed closed reduction. therefore, open reduction was
needed. Hence, we argue that closed reduction should be
performed as the initial treatment for Judet type 4 fractures,
and open reduction should be started only if closed reduction
is unsuccessful.

Along with minimally invasive surgical treatments being in
the  forefront  of  orthopedic  surgery,  the  use  of  fluoroscopy
has been increasing. In this study, the operation time was
significantly  higher  in  the  closed  reduction  method  than  in
the  open  reduction  method.  Owing  to  the  difficulty  of
achieving closed reduction, radiation exposure was increased.
Lee et al. argued that ultrasonography (USG)-guided reduc-
tion is  more reliable.23  In  addition,  studies have described
arthroscopy-assisted reduction in  recent  years.8,24  Although
USG- and arthroscopy-assisted reduction are advantageous in
terms of reduced radiation exposure, their use in daily clinical
practice is not yet practical, and closed reduction is still the
most effective and safest method in terms of reduced risk of
complications.

This study has some strengths and limitations. The strongest
aspect  of  this  study  is  the  comparison  of  two  different
methods in the surgical treatment of radial  neck fractures
with similar patient distributions in the two groups. The disad-
vantages are a limited sample size and retrospective study
design.

CONCLUSION

Closed reduction using the Métaizeau technique with the
elastic stable intramedullary nailing method satisfies all  the
criteria for minimally invasive bone surgery. Regarding treat-
ment of PRNF in children, this approach has been shown to
be  considerably  efficient,  with  excellent  functional  and
esthetic outcomes and a low rate of complications if the indi-
cations and biomechanical principles are considered.
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