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ABSTRACT

Objective: To evaluate the follow-up of the fractures treated by external fixator.
Methods: A total of 31 children aged 6–15 years with proximal humeral fractures Grade
IV according to Neer–Horowitz classification were treated. The medium follow-up was
24 months.
Results: In all cases, a good stability of the fracture and a quick healing process were
obtained. The mean time of follow-up was 24 months. The external fixation was removed
after 6 weeks (5–8 weeks) on average. Constant shoulder score was proposed to all
patients and the average result was 97.5 (84–100).
Conclusions: Advantages of the external fixation are rapid mobilization of the joint, low
invasiveness, a single surgery and the possibility to correct any secondary displacement.
It is important to underline that the positioning of external fixator should be implanted by
expert surgeons and that the patients must cooperate during the entire process up to the
time of the removal of the fixator.
1. Introduction

Proximal humeral fractures represent less than 1% of all the
pediatric fractures and they include between 3% and 6% of
slipped epiphyseal fractures[1,2]. Considering children aged
between 5 and 12 years, these fractures are found mainly in
teenagers. In the infant period, they are secondary only to
clavicle fractures[3]. The mechanism of trauma differs according
to the age of the patients. In infants, these fractures occur
during passage through the birth canal, while in children, they
occur as a consequence of falls on the hands in outstretched
position. This kind of fracture usually does not cause a bone
deformity, because the periosteum is thicker and has a high
potential of remodeling in this region[4,5].

Pavone et al. proposed a classification based on the
displacement of the fracture[6]. In the first grade, the displacement
is up to 5 mm. In the second grade, the displacement is up to 1/3
of the diameter of humeral diaphysis. In the third grade,
the displacement is up to 2/3. And in the fourth grade, it is
over 2/3. The limit of this classification is that it does not
considerate the angulation and the malrotation of the fragments.

The clinical evaluation is also correlated to the age of pa-
tients. In infants, there is crying with pseudoparalysis of the
affected limb and in children, there are pain, swelling and
decreased or absent motility with shortening of the limb. It is
important to take into account the state of peripheral vessels and
nerves[1].

The radiographic evaluation is done by RX images in two
projections comparing the contralateral limb. In this study, only
Grade IV fractures were included, as a consequence of an
important grade of breakdown of the fracture. In many cases, a
surgical treatment is necessary. The aim of this paper is to
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evaluate the results of the external fixators in the treatment of
these types of fractures.
Figure 1. Proximal humeral fracture.

Figure 2. The important grade of displacement of the fracture.
2. Materials and methods

From January 2000 to January 2013, 31 children were treated
with external fixation Hoffman II for proximal humeral fractures
in Department of Orthopaedics and Traumatology, S.M. Mis-
ericordia Hospital in Perugia and U.O.C. Orthopedics and
Traumatology, Azienda Ospedaliera “Gaetano Rummo” in
Benevento. All these fractures belonged to Grade IV according
to Neer and Horowitz classification.

Exclusion criteria were the following: pathological fractures,
exposed fractures, fractures with vessel and nerve damage,
Grade I, II and III according to Neer classification and poly-
trauma patients.

We did not lose any patients during the follow-up.
In all cases mentioned above, surgery was carried out within

24 h from the trauma with general anesthesia and beach chair
position.

First, we performed a reduction through a longitudinal trac-
tion with abduction and extra-rotation of the limb under control
of the brilliance amplification. In cases which the reduction was
not acceptable, a proximal fiche was placed as a joystick. Open
reduction and internal fixation were not necessary.

After the successful reduction of the fractures, two proximal
fiches were first placed, then two distal ones connected with
bars and clamps were placed. The fluoroscopy was checked in
that there was no breakdown of the fracture, but there was
passive mobilization of the shoulder and the R.O.M. was
complete.

From the first day, post-operative patients were asked to
perform active and passive mobilization of the shoulder.
Radiographic controls were carried out on the day after the
surgery, after 2 weeks and at the time to remove the external
fixator (on average after 6 weeks). The removal of fiches was
carried out with a mild sedation. For the evaluation of the
results, the Constant score was used. The study was con-
ducted in accordance with the ethical standards of the decla-
ration of Helsinki and informed consent was obtained from all
patients.
3. Results

Among 31 patients, 19 were males and 12 were females. In
18 cases, the right shoulder was involved, whereas in 14 of
them, the left one was involved. The age was between 6 and 15
years (on average 10.6). The average surgical time was 38 min
(25–61 min).

In none of the cases, an open reduction and an internal fix-
ation were necessary (Figures 1–10). The hospital stay after the
surgery was 2 days on average and the mean time of follow-up
was 24 months (13–36 months). In all cases, an arm sling tutor
which was removed many times a day was applied, in order to
allow active and passive mobilization of the shoulder and active
mobilization of the elbow from the first day after surgery
(Figures 8 and 9). No any complications appeared such as
neurovascular damages, loss of reduction and loss of grip of the
fiches. Only in three cases, a superficial infection of a fiche
appeared, resolved with local antibiotic therapy.
Figure 3. Post-operative image after the external fixation.



Figure 6. RX image after reduction and external fixation.
Figure 4. RX image in 6th weeks after the surgery, at the same time of
removing the external fixator.
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The external fixation was removed after 6 weeks (5–8 weeks)
on average. And in all cases, there was a quick return to com-
plete range of motion of shoulder and elbow, equal to the
contralateral, 2 months on average after the surgery.

Constant shoulder score was proposed to all patients and the
average result was 97.5 (84–100) (Table 1)[7]. About 6 months
later, all patients were asked whether they felt satisfied with
the results and shoulder movements. A total of 27 patients
were very satisfied and four of them were satisfied. All
patients were able to once again perform all daily activities
and sports as they had done before the injury. In all cases, a
good stability of the fracture and a rapid consolidation were
obtained (Figure 10). The external fixation was well tolerated
by all children.
Figure 5. A displaced proximal humeral fracture (Neer IV).

Figure 7. Intra-operative image.

Figure 8. RX image in 6th weeks after the surgery.



Figure 10. Results after the surgery in 2 months with the consolidation of
the fracture.

Table 1

Sex, age, side, classification, traumatic mechanism and Constant scores

of each patient.

Progressive
number of
patients

Sex Age Side Neer
and Horowitz
classification

Traumatic
mechanisms

Constant
scores

1 M 8 R IV Sport injury 100
2 M 15 L IV Accidental fall 84
3 F 11 R IV Sport injury 100
4 M 10 R IV Traffic accident 100
5 M 13 L IV Sport injury 96
6 M 12 R IV Sport injury 96
7 M 6 L IV Accidental fall 100
8 F 9 R IV Sport injury 96
9 F 10 R IV Traffic accident 96
10 M 9 R IV Traffic accident 100
11 M 11 L IV Accidental fall 100
12 F 8 R IV Unknown 94
13 M 13 L IV Accidental fall 100
14 M 11 L IV Accidental fall 92
15 F 9 R IV Sport injury 96
16 M 10 R IV Sport injury 95
17 M 9 R IV Sport injury 100

Figure 9. Active mobilization of the shoulder.

Table 1 (continued )

Progressive
number of
patients

Sex Age Side Neer
and Horowitz
classification

Traumatic
mechanisms

Constant
scores

18 F 12 L IV Sport injury 100
19 F 10 R IV Accidental fall 98
20 M 9 R IV Unknown 100
21 M 8 L IV Sport injury 96
22 M 14 L IV Traffic accident 100
23 F 12 L IV Accidental fall 98
24 F 9 R IV Sport injury 96
25 M 13 R IV Sport injury 95
26 M 15 L IV Traffic accident 100
27 F 9 R IV Sport injury 100
28 M 10 R IV Accidental fall 98
29 F 8 L IV Accidental fall 100
30 F 12 R IV Unknown 97
31 M 14 L IV Traffic accident 100

M: Male; F: Female; R: Right side; L: Left side.
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4. Discussion

Due to the high capacity for remodelling potential, the vast
majority of humeral fractures in children can be treated
conservatively[8,9]. This happens because of a thick periosteum
and because it is closer to a physis.

In the case of perinatal fractures, a simple pinning of the
sleeve to the body is sufficient. In these cases, closed reduction
is rarely needed and ultrasound is sufficient to check the align-
ment. Healing is extremely rapid and occurs within 2–3 weeks.

As a consequence, in this type of fracture, angulations are
tolerable up to 50� before adolescence and 20� after adoles-
cence[10]. Remodelling potential decreases with age and
consequently increases the surgical indication.

Many authors recommend surgical stabilization in older
children and in cases of a high displacement[9–11]. In these cases,
the percutaneous fixation represents the best treatment for these
fractures reserving the open reduction and internal fixation in
selected cases[12,13].

In cases where surgery is required, the most described tech-
niques in literature are percutaneous pins and elastic nails[10,14]. In
the first approach, there is a possibility of damaging the axillary
nerve and in the second, it is possible to damage the ulnar
nerve[15,16]. If you follow these steps, you need a second
surgery in general anesthesia in order to remove pins and
elastic nails, whereas a light sedation is necessary to remove
the external fixation[2,12,17].

The aim of our work is to analyze the results obtained with
the external fixation in the treatment of this type of fractures.
External fixation, all things consistent with the other techniques
described in the literature, allows a good reduction of the frac-
ture and excellent healing. It also has the advantage of being
minimally invasive, does not require a second surgery for
removal of synthetic means and allows quick mobilization of
joints and in case of secondary displacement of the fracture. It is
possible to modify the external fixator to correct the displace-
ment without the need for a second surgical intervention.
Another advantage referring to elastic nails is the possibility of
avoiding the passage through the physis.

Also, this method shows a very low risk of infection, even
considering a short duration of treatment in these cases[18,19]. In
our cases, we had only three cases of superficial infection of a
fiche when solved with local antibiotic therapy, but no case of
deep infection.
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The disadvantage of external fixation implant could be the
risk of a poor tolerance of this procedure, especially in young
patients and that a greater rate of compliance by the patient as
compared to other synthetic means is required. In our patients,
there weren't any reports of complaints during daily activities or
medication of fiches[20]. During the positioning of proximal
fiches, it is very important to pay attention to the axillary
nerve[14]. Some authors recommend to place the distal fiches,
8 cm far from the superior margin of the humeral head[15].
However, we first placed the proximal fiche in the humeral
head and then, after control of the alignment by intensifier, we
placed the second proximal fiche and the two distal ones.

As regards the radiographic controls, after 2 weeks we made
them to check that there was no secondary fracture breakdown
and around 6 weeks at the time of removal of the fixator.
Comparing the data in the literature, it can be stated that the
external fixation in proximal humeral fractures in children can be
a valid alternative to the other surgical techniques. There are a
lot of benefits, such as a quick mobilization of the joint, low
invasiveness, only one surgery and the possibility to correct any
secondary displacement.

It is important to underline that the positioning of the external
fixation could be implanted by experienced surgeons and that the
patients should be cooperative to handle it until removal.
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