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Table 1. Patients’ demography, evaluation, and complications

Quantity or X s

Age
Mean age (years) 7.4 +3.1
Sex
Male 20
Female 11
Number of patients 31
Postoperative scores*
Mayo Elbow Performance Score (MEPS)
Excellent 19
Good 8
Fair 2
Poor 2
Surgery time (min) 66.7 + 27.6
Radial neck fracture type (Judet classification)
Type III 0
Type IV 31
Complications
Stiffness (forearm rotation limitation movement loss >15°) 12
Radial nerve palsies 6
Avascular necrosis of the radial head 1
Pin tract infection 5
Incision infection 0
Compartment syndrome 0
Myositis ossificans 0

*The elbow function was evaluated by MEPIS scores.

There were 20 males and 11 females aged 3 years and 6 months to
13 years and 1 month (7.4 + 3.1 years) (Table 1). Fractures were
classified according to the Judet classification, which comprises 4
types based on the RNF displacement angulation. Type I is a fracture
without displacement, type II is less than 30°, type III is between 30°
and 60°, and type IV is more than 60°.2 The Bracq standards for OFs
are classified by fracture line: type A is a unique line, parallel to the
growth plate; type B is vertical; type C is oblique; type D is distal; and
type E is a complex fracture with multiple fragments (a comminuted
fracture pattern).®

Surgical procedure

All surgeries were performed in our clinical center, and at least 2
orthopedic surgeons performed the surgeries (Figure 1). Under
general anesthesia and brachial (plexus) block, tourniquets were
applied near the fracture during surgery to minimize blood loss. The
surgery position was supine, Boyd incision was adopted with the
length of 5-7 cm* (Figures 1A and 2). The incision was located just
lateral of the triceps tendon and it extended distally over the lateral
side of the tip to the olecranon and along the ulnar shaft. The lat-
eral joint capsule was then excised, and the radial head was exposed
after cleaning the blood clot. The radial neck was pulled up with a
pull hook. During this procedure, care was taken to avoid damaging
the radial nerve branch. The hook that clips the radial neck was

HIGHLIGHTS

Elbow fractures are common in pediatric patients, and the treatment for radial
neck fractures accompanied by olecranon fractures remains challenging. This
study aimed to investigate the results of open surgery for radial neck fractures
combined with olecranon fractures.

Open reduction and fixation with absorbable rods and K-wires resulted in
excellent functional scores in terms of Mayo Elbow Performance Score evalu-
ation method, which were excellent in 19, good in 8, fair in 2, and poor in
2 patients.

The results indicate that in cases with severely displaced radial neck fractures
combined with olecranon fractures, utilization of absorbable rods and K-wires
is feasible when open reduction is inevitable.
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Figure 1. A diagrammatic representation of our surgical procedure: (A) the Boyd
incision on the elbow which easily exposes the radial neck and olecranon fracture;
(B) the first step, which is reduction of the olecranon fracture and fixture with 2
Kirschner wires; (C) the second step, which is reduction of the radial neck fracture
and fixation using one AR; and (D) the final reduction, fixation, and incision closure.

placed as close as possible to the periosteum. Furthermore, it was
very important to expose the humeroulnar joint so that the fracture
line of the ulna could be clearly observed. If there was displacement,
the reduction was performed first, and if not, the ulna was fixed per-
cutaneously with two K-wires, 1.6-1.8 mm in diameter, through the
fracture line to the anterior ulnar cortex (Figure 3). Then, the angu-
lated radial neck was pressed with a detacher or finger under direct
view until it aligned as accurately as possible with the humeroradial
joint surface to reduce the radial neck (Figure 4). There was no need
to cut the periosteum. After achieving satisfactory reduction, the
radial neck was provisionally fixed with a 1.5-mm diameter K-wire
near the edge of the radial neck. A hole was drilled in the articular
surface of the radial head with a 2.0-mm diameter drill parallel to
the radial axis. A 5-cm AR with a 2.0-mm diameter and propeller

Figure 2. The right radial neck fracture (Judet type IV) and olecranon fracture of a
7-year-old boy who underwent our procedure. The Boyd incision and the olecranon
fracture (green arrow) are shown.
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Figure 3. Reduction of the olecranon fracture (green arrow). Figure 6. The three-dimensional computed tomography radiograph of a 7-year-old
boy with Judet type IV radial neck fracture combined with an olecranon fracture.
The green arrows show the radial neck and olecranon fractures.

sutured. Last, the elbow was fixed with plaster in a functional posi-
tion (Figures 3, 4, and 5).

Follow-up and evaluation

The plaster was changed in the first week to check the incision
and removed in the fourth to sixth weeks. Physical range-of-motion
(ROM) exercises were started immediately. The K-wires that were
fixed to the olecranon were removed in the fourth to sixth weeks
when the ulnar callus was detected radiologically (Figures 6 and 7).
Radiographs were taken on the second, third, and sixth month post-
operatively, and the elbow function was evaluated 6 months thereaf-
ter until full elbow function had recovered. If the patient had ROM
limitations after 2 months postoperatively, then he will be referred to
a physical therapist. On the last visit, the injured elbows were evalu-
ated by function and radiograph (Figure 7). The ROM tests included

Figure 4. Fracture of the radial neck (green arrow).

was inserted into the radial neck and the end of the rod was aligned
with the articular surface (Figure 5). The provisional K-wires were
extracted. Then, the reduction was imaged using a C-arm x-ray
machine, and the elbow was moved to confirm the stability of the
fixation. The joint capsule, subcutaneous tissue, and skin were

Figure 7. Postoperative radiographs showing fixation using K-wires and an
Figure 5. Temporary fixation of the radial neck using one 1.5-mm Kirschner wire. absorbable rod, and removal.
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Figure 8. Radiographs were taken 12 months postoperatively; no obvious growth
deformities were found.

elbow extension and flexion, and forearm rotation, compared to the
uninjured elbow. Radiological evaluation included assessment of
healing of the fractures, non-union of the bones, and ossification
of the radial and ulnar bones. Métaizeau criteria were used for the
radiological evaluation.® Mayo Elbow Performance Index (MEPI)
score was adopted for the functional assessments.® There were 4 cat-
egories according to MEPI results, including excellent (over 90), good
(81-90), fair (61-80), and poor (less than 60).

Statistical analysis

The y* and independent t-tests were used to compare data for con-
tinuous or categorical variables, respectively. All statistical analyses
were performed using IBM’s Statistical Package for Social Sciences
Statistics for Windows, version 20 (IBM Corp., Armonk, NY, USA).
P < .05 was considered statistically significant.

Results

Table 1 shows the demographic characteristics of the patients,
results of evaluations, and complications of surgery. All 31 patients
had Judet type IV RNFs. The data show that 19 patients under-
went a first attempt at reduction as outpatients, and reduction
was attempted twice in 12 of these 19 patients. The Métaizeau or
K-wire methods for closed reduction were performed on 15 patients
before the open reduction was resorted to. Closed reduction was
abandoned in 6 patients because of severe swelling of the forearm
and severe displacement of the fractures. Thirty-one patients were
followed up over 24 months. The follow-up time ranged from 26 to
56 months (average, 35.8 months). The cause of the fracture was
a fall from height in 17 patients, sports injury in 11 patients, and
other injuries in 3 patients. The average time from injury to open
reduction ranged from 18 hours to 4 days (average of 47 hours).
According to the Bracq standards for OFs (3), all patients were type
IT with a displacement of the fracture of more than 2 mm. According
to the exact type of fracture lines, there were 17 type C patients
and 14 type D patients.” Six patients showed signs of radial nerve
injury (posterior interosseous nerve lesion), indicated by an inability
to lift the thumb. No patients developed signs of radial nerve injury
postoperatively. No patients had incision infections. No discomfort
or problems—such as sterile discharge or irritations—were observed
in our patients in this study (Figure 8). The annular ligaments of
3 patients were found to be entrapped and surgical repair was per-
formed on these patients.
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The K-wires were removed between 4 weeks and 6 weeks (average,
4.8 weeks) according to whether an ulnar bone callus was detected
or not. In patients with preoperative radial nerve deficits, this was
explored during surgery, findings showed that all nerves were
bruised without disruption. All patients recovered within 3 months
of surgery. By MEPS evaluation method, there were excellent in 19,
good in 8, fair in 2, and poor in 2 patients. The rate of excellent and
good outcomes was 87.1% (Table 1).

Discussion

In our study, we studied 31 pediatric patients with severe displaced
RNFs combined with an OF who underwent surgery that included
a Boyd incision, ARs, and K-wires. According to Emery’s report,®
special attention should be paid to RNFs because they usually occur
after supracondylar fractures, and they commonly occur in combina-
tion with OFs. According to our knowledge, there are no studies on a
series of patients with RNFs combined with an OF.

This combination of fractures is quite different from a single RNFs
and is equivalent to Monteggia fractures, which are fractures of the
olecranon that include dislocation of the radius and radial neck or
head fracture.®'” Monteggia fractures are also uncommon lesions
that are associated with radial head dislocation and ulnar fracture.
Many complications, such as chronic dislocation, are seen in the
treatment of this kind of fracture.* Monteggia fractures require ana-
tomical reduction to minimize complications.

There are many differing opinions regarding the optimal treatment
for severe displaced RNFs in children. Poorer results are reported
in children over 10 years, and this may be due to the severity of the
fractures or the use of open reduction procedures." In recent years,
more and more surgeons have supported the notion that less invasive
reduction provides better patient outcomes. K-wires and Steinmann
pins are mostly used as assistive devices for radial neck reduction
under radiographical guidance.’*'* The Métaizeau technique is
another closed reduction method that is performed with the assis-
tance of an elastic intramedullary nail."> Researchers found that
complications were related to the severity of the injury and the dis-
placement of the radial neck regardless of the type of open reduction
used.? Although open reduction should be avoided if ideal fixation
can be achieved without it in patients, we agree with Tarallo et al.’
and Tanagho et al.”” who reported that some fractures are irreducible
by percutaneous methods and therefore require open reduction.

Olecranon fractures account for approximately 5%-7% of elbow frac-
tures in children.’® They are treated with open reduction and inter-
nal fixation if displaced because they are intra-articular fractures
and anatomical reduction maintains maximum elbow function and
reduces the risk of future degenerative arthritis.”® Many fixation
materials are available for use in open reduction, including plates,
K-wires, compression screws, and tension bands. The olecranon has
not yet matured in children younger than 13, and plaster immobili-
zation and 2 isolated K-wires fixed percutaneously are sufficient to
effect healing.’ We adopted the Boyd incision as it not only reduces
the radial head dislocation easily but also provides a direct view of
the olecranon’s articular surface. Therefore, the exact anatomical
reduction can be achieved.

There are some limitations to closed reduction compared to percuta-
neous methods. First, closed reduction involves exposure to radiation
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from x-rays. Cha et al.”® evaluated 13 pediatric patients with RNFs
and found that operation and fluoroscopic times were significantly
lower in an open reduction group. The closed reduction group was
exposed to much more radiation than the open reduction group.
Although there was a dispute on the x-ray radiation that caused can-
cer, we prefer to decrease the exposure as much as possible. Second,
in closed reduction, pin insertion can damage the blood supply to
the radial head. There are 2 vascular arteries supplying the radial
head. One is the radial recurrent artery on the ventral, lateral, and
dorsal sides, and the other one is dorso-medial and medial branches
which originate from ulnar artery. In this study, we took much care of
both vascular arteries and only one patient had radial head necrosis.
Third, the radial nerve branch is situated along the radial head, so it
can be damaged by pins inserted during closed reduction. Using our
method, the lesion and the radial nerve are easily exposed, and we
were able to ascertain that the nerves were bruised in 6 patients with-
out disruption. Fortunately, all radial nerves recovered. Fourthly, the
radial head cannot be seen on x-ray images in patients less than 4.5
years because of the ossification of the radial head,* so it is difficult
for surgeons to perform closed reduction with C-arm x-ray imaging
alone. Some surgeons perform closed reduction using arthrography
or arthroscopy,” which makes the reduction more complicated and
less exact. Lastly, the fixation of the K-wires in RNFs increases the
incidence of incision infection,?” as the K-wires are exposed to the air.
Our method uses an AR for fixation of the radial neck, so there is no
need for removal. We used 2-mm ARs, which is in accordance with
the principle that the diameters of all fixation materials that pass
through the epiphysis should be not more than 2 mm. No patients
developed radial head growth deformity in this study. Removal of the
K-wires fixed to the olecranon is easy and does not require additional
sedation.

Some surgeons are concerned that open reduction of the elbow will
lead to poorer outcomes; however, Kaiser et al.? analyzed the causes
of unfavorable results in RNFs and found that outcomes were related
to the severity of the injury, not whether or not open reduction was
used. According to our study, the rate of excellent and good outcomes
was 87.1%. Our rate of favorable outcomes was consistent with
the results of other research studies, including Cha et al (84.6%),"
Basmajian et al (73%),** and Kiran et al (80%).*

The ARs used in this study have been widely used for many years.
They are composed of a self-reinforced polylactide material made up
of poly-i-lactic acid and a poly-pi-lactic acid plus poly-i-lactic acid
composite. They are gradually absorbed over a period of 1 to 2 years.
In this study, the ARs were buried in the radial head. Complications
such as growth arrest and infection were not found in any of our
patients. However, the absorbable pins were much more expensive
than K-wires.

We did not use ARs for the fixation of OFs in this study for several
reasons: (1) ARs were much more expensive than K-wires; (2) K-wires
were easily formed for the fixation of the OFs, whereas rods were
not as convenient to use; and (3) K-wires were sufficiently strong for
fixation of the OFs, while radial heads did not need steady fixation.

There are several limitations in this study. First, and most impor-
tantly, the retrospective nature of our study design made the study
susceptible to bias. Second, there was no comparable closed reduc-
tion group in our study, preventing statistical comparisons. Third, the
quantity of patients was not big, and no other methods of fixation
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were used—such as closed reduction with K-wires, flexible medullary
nails, or metal plates—to compare our procedure to.

In conclusion, when severe displaced RNFs are combined with OFs
in children, a surgery that involves a Boyd incision, ARs, and K-wires
is feasible when open reduction is inevitable.
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