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Background Radial neck fractures in the pediatric population represent up to one 
percent of all pediatric fractures. Judet type III and IV radial neck fractures present 
difficulties in closed and open reduction. The Metaizeau technique has been used as a 
tool to reduce these. We present a case series of 17 patients with Judet III and IV type 
of radial neck fractures treated with a modified Metaizeau technique.
Materials and Methods Seventeen patients, eight male and nine female with 
Judet type III and IV radial neck fractures over a two-year period were managed with 
modified Metaizeau technique as described in the text. The follow up period in our 
Prospective Interventional study was of six months The outcomes were scored using 
the Mayo elbow Performance score.
Results Fourteen patients had excellent scores, and three had good scores. Union 
rate was 100%. Fourteen patients were managed with closed reduction using the mod-
ified Metaizeau technique. Three patients required additional Open reduction, out of 
which one had reduced ROM as an outcome at the end of six months.
Conclusion The modified Metaizeau technique is an extra articular, easy to learn pro-
cedure with good to excellent results in Judet type III and IV radial neck fractures.
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Introduction
Fractures of the radial neck constitute up to five percent of 
injuries around the elbow. These represent one percent of 
all pediatric fractures.1 The peculiar vascular anatomy of the 
radial head and neck makes it a zone with a precarious blood 
supply. The radial head is covered by articular cartilage, 

and vessels enter at level of periosteal attachment. These 
get damaged at the time of injury and open manipulation. 
Complications range from stiffness, malunion, osteonecrosis, 
and nerve injury.2 These go up to 36% as per recent litera-
ture.3,4 Long term sequelae with deformity like cubitus valgus 
and reduced pronation are of concern as well.5
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Proper management hinges in the assessment of angu-
lation of the fracture fragment. Commonly utilized Judet 
classification has been instrumental in planning the treat-
ment.6 (►Table  1). Judet III and Judet IV are not consid-
ered amenable to closed reduction. Operative options are 
broadly grouped under closed reduction,7,8 Open reduc-
tion,7,9 percutaneous K-wire fixation,7,10 and intramedullary 
fixation with K-wires.7,10,11

The Metaizeau technique is a method of non-invasive 
manipulative reduction initially described for pediatric radial 
neck fractures in 1980.11 We are sharing our experience in 
a case series of 17 pediatric radial neck fractures managed 
with the modified Metaizeau technique, which is usually 
used for type III and IV Judet fractures by levering out of frac-
tured fragment with help of K-wire, which makes it different 
from conventional Metaizeau technique.12

Materials and Methods
The Prospective study was approved by the Institutional 
review board. All 17 cases presented to the emergency 
department from April 2018 to April 2020. Anteroposterior 
and lateral X-ray views of the involved elbow were done. 
Temporary immobilization was given in the form of above 
elbow slab support.

Angulation of the fracture was calculated between two 
lines passing through the radial axis and the fracture frag-
ment on the radiograph as shown in ►Fig. 1. Patients were 
then classified according to the Judet classification of radial 
neck fractures as mentioned in ►Table 1. Appropriate con-
sents using a standard preforma were taken and patients 
were planned for operative management.

In the operation theater: After getting the angulation in 
both AP and Lateral view X-ray of the The elbow as shown 
in ►Figs. 1 and 2, the involved upper limb was painted and 
draped under aseptic precautions. Longitudinal traction 
was applied with the involved forearm supinated to align 
the fracture by closed means. A Titanium elastic nail of 
diameter 1.5–2.0 mm was taken.

Entry point was made with an awl made 4 cm proximal 
to the distal physis using Image intensifier in both AP and 
Lateral view. The Titanium elastic nail was introduced into 
the medullary canal and checked under image intensifier. 
It was passed upwards across the canal till it abutted the 

Table  1  Judet classification6

Judet Classification of Radial Neck Fractures

Type Description

1 Non displaced or Horizontal shift of 
Epiphysis

2 < 30 Degree Angulation

3 30–60 Degree Angulation

4(a) 60–80 Degree Angulation

4(b) >80 Degree Angulation or Complete 
Dislocation of

Epiphysis

Fig. 1 AP View X-rays showing initial angulation of the fracture.

Fig. 2 Lateral View X-rays showing initial angulation of the fracture.
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fractured fragment. By Levering on the fractured fragment 
with the K-wire as shown in ►Fig. 3, the fragment was lifted 
from its angulated position to its normal position as shown 
in ►Fig. 4. In cases with angulation above 80 degrees K-wire 
assisted reduction was done. With gentle tapping using the 
mallet, it was fixed to the fractured fragment at the point of 
maximum tilt. After appropriate leverage, the Titanium elas-
tic nail was turned 180 degrees to restore the fragment to 
its original position. Final reduction was confirmed with the 
C-arm in both AP and Lateral views. The lower end of the nail 
is then cut and bend. Patient was immobilized in splint for 
two weeks, after which the elbow was mobilized. After com-
plete fracture healing as shown in ►Fig. 5, Titanium elastic 
nail was removed at the end of six months.

Bony Union was assessed on follow up visits, utilizing 
repeat X-rays of the elbow in Anteroposterior and lateral 
view. The X-rays were evaluated for maintained reduction of 
the fragment, and union of the fracture as shown by the fill-
ing up of the fracture line. Clinical assessment with range of 
elbow movements was also done.

At the end of six month follow up, this data was com-
piled according to the Mayo elbow performance score and 
was tabulated for each patient respectively. The data was 
then assessed statistically. Correlation using the Spearmen 
coefficient was calculated between the Final Mayo score and 
the initial fracture angulation, as well as the method of our 
reduction. The correlation between the type of reduction and 
the Mayo score was studied using the Mann-Whitney test.

Fig. 3 Elevation of the fracture fragment levering the nail.

Fig. 4 Fracture reduced with nail in situ.

Fig. 5 AP and Lateral X-ray of the forearm and elbow at 6 months 
follow up.
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Results
There were seventeen patients in total, ranging 
from 8–13 years old. The average age was 10 +/− 1.5 years. 
Eight cases (46.1%) involved the left side, and nine cases 
(52.9%) were of the right side. Seven patients (41.2%) were 
males, and ten (58.8%) were females.

There was a strong positive correlation between Fracture 
Angulation (Degrees) and Age (Years), and this correlation 
was statistically significant (rho = 0.64, p = 0.006).

There was a moderate negative correlation between Mayo 
Elbow Performance Score and Age (Years), and this correla-
tion was not statistically significant (rho = -0.48, p = 0.052).

The mean of Fracture Angulation in the Male group 
was 62.43+/−10.52. The mean of Fracture Angulation in 
the female group was 50.00+/−10.02. There was no signifi-
cant difference between the groups in terms of Mayo Elbow 
Performance Score (W = 24.000, p = 0.167).

There was a significant difference between the 
2 groups in terms of fracture angulation, studied using the 
Wilcoxon-Mann-Whitney U Test (W = 61.500, p = 0.011), with 
the median fracture angulation being highest in the male group. 
Similarly, fracture angulation and sidedness was studied and 
found to have no significant correlation. (W = 34.500, p = 0.923)

Thirteen (76.5%) of the participants had Judet Grade injury. 
Four (23.5%) of the participants had Judet Grade 4 fracture. 
The patients with Judet type 3 injuries fared better as com-
pared with the type 4 patients. (W = 52.000, p = <0.001)

Sidedness had no impact on the final Mayo score. (W = 
36.000, p = 1.000).

None of the cases had any associated injuries at presenta-
tion. All cases were followed for a minimum of six months to 
one year. Union was 100% at end of the six month follow up. 
Patient data are mentioned in ►Table 2.

In our series, 13 patients had initial angulation of 
between 30–60 degrees.  Mean angulation was 55.12+/−11.74. 
The assessment for function was done using the Mayo elbow 
performance score.13 The components of the score include 
assessments of Pain, Motion, Stability and Function. The 
maximum possible score is 100. Scores above 90 are con-
sidered as an excellent result. Scores from 75–89 are good, 
60–74 are fair, and below 60 are evaluated as poor. Thirteen 
patients (76%) had a Mayo score of 100, three patients (18%) 
had score of 85 and one patient (6%) had a Mayo score of 95. 
The mean Mayo elbow score was 97.06+/− 5.88.

There was a strong negative correlation between Mayo 
Elbow Performance Score and Fracture Angulation (Degrees), 
and this correlation was statistically significant (rho = -0.75, 
p = <0.001).

For every 1 unit increase in Fracture Angulation (Degrees), 
the Mayo Elbow Performance Score decreased by 0.43 units.

Three patients had an initial angulation of 
between 60–80 degrees, which required Open reduction. 
One patient had initial angulation above 80 degrees, requir-
ing Open reduction, and eventually had a decreased elbow 
ROM at six month follow up.

Three patients (17%) of the series required Open reduc-
tion. Rest all were managed with a closed procedure. One 
patient had decreased Range of Motion as a complication. No 
other complications were noted in any other case.

Table  2  Patient data with outcome measures

Serial No. Age 
(Years)

Sex Side Fracture 
Angulation
(Degrees)

Mayo Elbow 
Performance
Score

Reduction

1 8 Female Left 53 100 Close

2 12 Male Left 68 85 Open

3 9 Female Right 47 100 Close

4 10 Female Right 49 100 Close

5 12 Male Left 57 100 Close

6 11 Male Right 82 85 Open

7 10 Female Left 38 100 Close

8 11 Female Right 55 100 Close

9 8 Female Right 47 100 Close

10 9 Male Left 67 95 Close

11 9 Female Right 39 100 Close

12 11 Male Right 55 100 Close

13 10 Female Left 51 100 Close

14 9 Male Left 55 100 Close

15 8 Female Left 47 100 Close

16 13 Female Right 74 85 Open

17 10 Male Right 53 100 Close
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Discussion
There are several options for the management of radial neck 
fractures in the pediatric age group. Closed reduction may 
be difficult in fractures with increased angulation. There may 
also be loss of reduction associated with the same.14 Open 
reduction has been known to have its own set of complica-
tions.2,7,13 The elastic stable Intramedullary nailing technique, 
described by Metaizeau has been known to involve extra 
articular manipulation is less invasive and has a smaller 
learning curve. It has a lower rate of complications as well.14

A 2009 paper by Klitscher et al evaluated 28 radial neck 
fractures of Judet III and IV types.15 24 were managed with 
the Metaizeau technique. The cases were followed up for 
32 weeks. The Mayo elbow performance score was utilized 
to assess the outcomes. 82% reported excellent outcomes. 
Remaining had good outcomes. Three patients reported mal-
union, in the form of angulation of more than 20 degrees. No 
other major complications were noted.

Our study had 76% excellent outcomes amongst seventeen 
patients. We reported no complications.

In a study by P Gupta et al, fourteen children were treated 
with modified Metaizeau technique.12 All of the patients had 
Judet type IV fracture of radial neck with mean angulation 
of 72.8°.The average follow-up was 39 months. Heterotrophic 
ossification and transient posterior interosseous nerve palsy 
were the only complication seen in two patients who had to 
undergo open reduction.

Mean angulation in our study was 55.12+/−11.74. 
Although we had a shorter follow up period of six months, 
we reported no complications. Open reduction group in our 
study, although had significantly lesser Mayo scores, still did 
not have any complications as mentioned above.

The Mayo score was utilized for assessment, and they 
obtained 100% excellent clinical outcome. Our Operative 
method was similar to them, with a distally based entry to 
protect the superficial radial nerve. As injury to the nerve 
has been noted in previous studies with the conventional 
Metaizeau technique, we advise on utilizing this entry point 
for the fixation.

Functional arc for forearm rotations is defined as prona-
tion of 50 degrees and supination of 50 degrees. Klitscher 
et al assessed rotations, and found them to be functionally 
well restored after treatment with the Metaizeau tech-
nique.15 We found elbow ROM to be functionally restored in 
16 patients. One patient had decreased range of movements 
as a complication.

Poor outcomes with radial neck fractures are attributable 
to severe initial angulation, improper reduction, and com-
plications of open reduction.15 The presence of associated 
injuries does influence the outcome. These range from elbow 
dislocations, olecranon fractures and fractures of apophy-
sis.2 In our case series, there were no associated injuries at 
presentation.

Fracture angulation has long been utilized as a means to 
plan management. It has been observed that when the ini-
tial angulation is below 80 degrees, the reduction was stable 
and gave results ranging from good to excellent. Studies by 

Metaizeau et al, and Gonzalez et al pointed out that when 
the initial reduction exceeded 80 degrees, there was good 
outcome in 75% cases. The remaining required open reduc-
tion.14,16 In our study, angulation above 60 degrees was 
seen in 18% patients. The increased initial angulation does 
not allow easy reduction utilizing a closed procedure. The 
Open reduction is required in these cases and may affect the 
final ROM.

In Judet type IV fractures, Metaizeau et al described poorer 
outcomes.11 In those fractures, closed intramedullary pinning 
delivered 74% excellent results and 23% bad results, and open 
reduction resulted in 25% excellent and 45% bad results.

In our case series, thirteen patients had Judet type III 
fractures, and four patients had Judet type IV fractures. 
82% patients had excellent results. The remaining had good 
results. Excellent result was noted in 100% patients oper-
ated with closed reduction. Good result was noted in all the 
patients operated with Open reduction. We also found Judet 
type IV fractures to have a worse outcome than Type III inju-
ries. Open reduction had significantly lower Mayo scores 
than closed reduction group.

Conclusion
The modified Metaizeau technique is a closed, minimally 
invasive, extra articular technique with good to excellent 
results in the pediatric age group in cases of Judet type III and 
IV radial neck fractures with angulation.
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