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Abstract

Objective To report the functional and radiological
results of unusual comminuted fractures of the proximal
humerus, treated with ‘closed reduction and external fixa-
tion’ (CREF) using hybrid-type unilateral external fixators
(EFs).

Patients and methods Between January 2012 and June
2013, eight patients (mean age 62.6; range 48-84 years)
with comminuted proximal humeral fractures extending to
the humeral head and one-third proximal diaphysis were
treated with CREF using hybrid-type EFs. Functional
results were evaluated in terms of shoulder ranges of
movement, Constant, DASH, and VAS scores, and radio-
logical results were evaluated using antero-posterior and
lateral radiograms of the treated humerus.

Results The mean follow-up was 16.6 (range
12-28) months. The mean fixator time was 84 (range
63-118) days. The mean range of forward flexion, internal
rotation, external rotation, and abduction were 145°, 61.2°,
65°, and 115°, respectively. The mean Constant, DASH,
and VAS scores were 79.8, 10, and 1.75, respectively.
Seven of the eight patients (87.5 %) healed radiologically.
Two complications were observed in two patients: non-
union and superficial pin site infection.

Conclusions In the treatment of unusual, comminuted
proximal diaphyseal humeral fractures, CREF using a
hybrid-type EF is a minimally invasive, advantageous
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procedure with acceptable rates of healing, low risk of
surgical site infection, and early range of motion.
Level of evidence Level IV, case series.

Keywords Humerus - Fracture - Comminuted - Closed
reduction - External fixator

Introduction

Proximal humeral fractures include 3 % of all fractures and
20 % of upper extremity fractures [1]. One-third of the
patients are females, and the incidence is higher in elderly
and osteoporotic patients [2]. Currently, conservative
treatment of humeral shaft fractures remains the gold
standard. Although 85-90 % of patients are treated con-
servatively successfully, reduction loss, mal-union, and
disability of the extremity can be seen [1, 3, 4]. Commi-
nuted proximal diaphyseal humeral fractures are rare and
may include head, neck, and one-third of the proximal and
middle part of the diaphysis [4-8]. Most of these fractures
are seen in osteoporotic, elderly patients after a minor,
torsional trauma and, rarely, in younger adults after a high-
energy trauma. The treatment is typically surgical because
of the fracture line geometry and its tendency to be dis-
placed by the attached muscles [2, 4, 8—12].

Humeral head and neck fractures are usually classified
according to Neer, and shaft fractures are usually classified
according to the AO/OTA classification system [13, 14].
Although the AO classification system gives detailed
information about the fracture line geometry, in commi-
nuted proximal humeral shaft fractures, the fracture may
extend more proximally and distally; thus, they cannot be
classified fully according to the AO/OTA or the Neer
classification systems. Consequently, we defined them as
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unusual proximal humeral fractures. Stedtfeld et al. divided
the humerus into five zones: the head, one-third proximal
diaphysis, one-third mid-diaphysis, one-third distal diaph-
ysis, and the condylar area. They then developed a classi-
fication system concerning zones of fracture lines and
muscle insertions affecting the fractured fragments [11].
They stated that one-third proximal humeral diaphyseal
fractures typically extended more proximally and more
distally; thus, care should be taken that implants for
internal fixation are sufficiently long [8, 11, 15]. Although
a few minimally invasive techniques have been described,
longer implants can cause more soft tissue damage,
increasing the rate of failure and complications [8].

The aim of this retrospective case series study was to
evaluate the functional and radiological results of closed
reduction and external fixation (CREF) in unusual, com-
minuted, proximal humeral shaft fractures, using hybrid-
type external fixators (EFs).

Patients and methods

This study was conducted in accordance with the Helsinki
Declaration. Between February 2012 and June 2013, eight
patients (six females, two males), with a mean age of 62.6
(range 42-84) years, were diagnosed with comminuted,
proximal humeral diaphyseal fractures and treated with
CREF (Tasarimmed Ltd Sti, Eyup, Istanbul, Turkey).
These patients were evaluated retrospectively. All patients
were injured after simple falls. An olecranon fracture in
one patient, an ipsilateral distal radius fracture in one, and a
cranial trauma in one patient were also diagnosed. The
mean number of comorbidities was two: hypertension in
five patients, diabetes mellitus in four, anemia in two,
tongue carcinoma in one, and scoliosis in one patient.

All patients with diaphyseal humeral fractures under-
went closed reductions and coaptation U-splints in the
emergency department on the day after the injury, and
control antero-posterior and trans-thoracic lateral X-rays
were taken to evaluate the reduction. Patients with >20°
angulation in the sagittal plane, >30° angulation in the
coronal plane, >2 cm shortening or distraction were
selected for CREF and included in the study. Patients with
open fractures, neurovascular injuries, non-union, simple
fractures, and fractures that extended to the glenohumeral
joint were excluded from the study.

According to the Stedtfeld classification, fractures were
in the one-third proximal diaphysis and extending to the
greater tuberculum in all patients, and an additional one-
third mid-diaphyseal extension was detected in three
patients. The mean time to surgery was 6 (1-11) days.
CREF using a hybrid-type EF was achieved in all patients
with fluoroscopy. Passive exercises were started on the first
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day postoperatively and active assisted exercises 10 days
after surgery.

Fixators were dynamized when callus formation was
seen at two cortices on the control radiographs, and they
were removed if three cortices callus formation was
observed, which was defined as ‘union’. Functional results
were evaluated using shoulder range of motion (ROM) and
Constant, DASH, and VAS scores.

Surgical technique

Fixation of the fracture was achieved with a hybrid-type
EF, which has a half-ring at its proximal end for multidi-
rectional fixation of the humeral head. Because the axillary
nerve passes within 5 cm distal from the lateral edge of the
acromion, half-pins (5 mm) were inserted into the humeral
head between the insertion of the supraspinatus tendon and
the axillary nerve. Three or four hydroxyapatite (HA)-
coated half-pins were inserted into the humeral head; one
from the anterolateral to the posteromedial direction for
fixation of the lesser tuberculum and one from the pos-
terolateral to the anteromedial direction for fixation of the
greater tuberculum and the head. After fixation of the
proximal part of the fracture to the half-ring, two or three
half-pins were inserted into the distal fragment through the
3-5 cm incision for radial nerve exploration, from the
lateral to the medial direction and perpendicular to the
longitudinal axis of the shaft. After fluoroscopic control of
the reduction and fixation, the ROMs of the shoulder and
elbow were evaluated.

Results

Union was achieved in seven of eight patients who were
treated using CREF method (Fig. 1). The mean follow-up
was 16.6 (12-28) months. The mean time to fixator dy-
namization was 72 (50-100) days, and the mean fixator
time (FT) was 84 (63-118) days. At the 1-year follow-up,
the mean Constant, DASH, and VAS scores were 78.8
(45-98), 10 (2.3-30), and 1.85 (1-3), respectively
(Table 1). The mean range of forward flexion (FF),
abduction, internal rotation (IR), and external rotation (ER)
were 145° (100°-170°), 115° (80°-140°), 61.2° (30°-70°),
and 65° (20°-70°), respectively.

Two complications were observed: superficial pin tract
infection in one patient who was treated with oral antibiotic
therapy and non-union in one patient who was offered
pseudoarthrosis surgery, but refused because she was pain-
free and satisfied. During follow-up, no humeral head
avascular necrosis was observed in the control radiographs.
Preoperative radial nerve palsy was seen in the patient with
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Fig. 1 a X-ray shows a proximal diaphyseal humeral fracture extending to the head in a 60-year-old female, b coronal plane angulation after
coaptation U-splintage, ¢ after CREF, and d the fixator was removed at 11 weeks postoperatively

Table 1 Patient demographics

Patient Age F-u (months) FT (months) FF  Abduction IR ER Constant DASH VAS
and summary of the results
1 61 28 3 170 130 60 70 98 4.5 1
2 84 25 4 100 80 30 20 45 30 3
3 59 13 4 170 140 80 80 98 23 1
4 81 18 3 140 110 70 70 92 6 2
5 71 13 2 160 110 70 70 80 9.1 2
6 42 12 2 140 120 60 70 76 11.4 1
7 48 12 2 150 120 60 70 80 8 1
8 55 12 3 130 110 60 70 70 9 2

non-union; nerve exploration was performed during the
surgery, and the nerve was intact. The palsy had resolved at
the 6-month follow-up.

Discussion

Although most humeral fractures heal with conservative
treatment methods, proximal diaphyseal comminuted
fractures should be treated surgically because they tend to
be displaced, due to the divergent effects of the deltoid and
pectoralis major muscles [11, 15]. Open reduction and
internal fixation (ORIF) in this type of fracture usually
require an extended approaches and wide soft tissue dis-
sections, which may result in surgical site infection, avas-
cular necrosis, pseudoarthrosis, pericapsular fibrosis, and
iatrogenic vessel or nerve injuries [16].

Lambotte first used EFs in the treatment of humeral
shaft fractures [17]. It is a preferred method in open
fractures with or without bone loss, comminuted frac-
tures, concomitant vascular injury, infected non-union,
and in patients with multiple trauma. Half-pins with
hybrid-type EF have been suggested instead of Kirshner
wires in circular EF, due to the high risk of neurovas-
cular injury [18].

Several studies support the superiority of HA-coated
over non-coated screws in osteoporotic bones. HA-coated
lag screws with a DHS plate in osteoporotic intertrochan-
teric femur fractures showed better results and fewer
complications [19]. In another study, the pullout strength of
HA-coated pedicle screws was 1.6-fold higher than that of
titanium-coated screws [12]. HA-coated Schanz screws
were used in our series for the proximal fixation of the
fractures, into possibly osteoporotic humeral heads. How-
ever, no loosening or pullout of the half-pins was observed.

In the treatment of humeral shaft fractures, some reports
have proposed plate-screw osteosynthesis after open
reduction or intramedullary nailing (IMN) [8, 20]. Wound
problems in open reduction and shoulder problems in
antegrade nailing are the main disadvantages of those
techniques [8, 21].

In comminuted diaphyseal proximal humeral fractures,
IMN could be considered a ‘standard’ technique but is
prone to many complications. The rate of shoulder dys-
function after antegrade IMN is reported to be 6-100 %,
mostly resulting from proximal migration of the nail,
impingement, or rotator cuff lesions [4, 22]. Garnavos and
Lasaianos [8] observed moderate shoulder pain in 8 of 15
patients, but none of the nails required removal. Our
patients did not have shoulder complaints because the
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fixator allows early ROM exercises; indeed, they rapidly
regained almost their preoperative ROMs in the shoulder
and elbow.

Non-union rates in closed reduction and IMN in humeral
shaft fractures have been reported to be 0-29 % [4, 23].
ORIF has a 92-96 % union rate and a 5-25 % rate of
complications, including infection, non-union, mal-union,
and neurovascular injury [4, 24]. We experienced only one
minor complication (superficial pin site infection, treated
with oral antibiotics) and one case of non-union.

Castella et al. investigated 30 humeral non-unions after
ORIF; 9 patients had spiral fractures in the proximal
humerus. The authors concluded that fractures in the
proximal region of the humerus were prone to non-union
[25]. In the study by Yang [26], 10 humeral fractures were
treated with ORIF using helical plates and 3 by autologous
tricortical iliac crest bone grafting; they reported that all
patients healed. Brunner et al. [1] treated 15 patients with
minimally invasive plate osteosynthesis, and non-union
was observed in 1 patient who was treated with ORIF and
autologous cancellous bone grafting. Garnavos and Lasai-
anos [8] treated proximal diaphyseal comminuted fractures
using IMN, and union was achieved in all patients—one
patient was revised to plate osteosynthesis due to the
proximal migration of a nail. In our study, only one patient
had non-union, but did not consent to reoperation.

Yang [26] evaluated shoulder function in their patients
according to Neer’s criteria and found good and excellent
results in eight patients, while two patients were unsatisfied.
Brunner et al. [1] started their patients on active assisted
exercises on the first postoperative day and active exercises
8—12 weeks later and found that the mean FF was 145°, IR
40°, ER 70°, abduction 135°, Constant score 74, and DASH
score 34. Garnavos and Lasaianos [8] evaluated 15 patients
and reported that the FF was 146°, IR 38° ER 24.5°,
abduction 137.5°, and the mean Constant score was 74.
Because half-pins were inserted through the safe zone and
rotator tendons were not damaged, active assisted exercises
were started on the first day, and active exercises in the
second week, postoperatively. ROMs and functional scores
in the current study were similar to these previous reports.

In the studies of Brunner et al. [1] and Yang [26],
implant removal was performed in three patients due to
subacromial impingement. In our study, the mean FT was
2.5 months and implants were removed in the outpatient
clinic without anesthesia.

CREF is an alternative method for treatment of com-
minuted proximal diaphyseal humeral fractures. Closed
reduction can be obtained readily; thus, soft tissue coverage
of the fractured fragments is maintained, and surgical site
infection is avoided. Stable fixation even in osteoporotic,
elderly patients with comminuted fractures is achievable;
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thus, early postoperative active assistive or active ROM
exercises are safe. Postoperative compression, distraction,
translation, or rotation between the fragments of the frac-
ture over the EF, when needed, is also possible with this
method. A shorter surgery time and no need for anesthesia
for fixator removal are other advantageous of this tech-
nique. Pin site infection is the most common complication,
with an incidence of 12-50 % [27]. Patient discomfort
because of cosmetics and psychological compliance and
increased radiation exposure may be other disadvantages.

The major limitations of this study were the small
number of patients and the short duration of follow-up.
Also, no comparison with other treatment method(s) was
performed.

Conclusions

Proximal diaphyseal comminuted fracture of the humerus
is a rare injury; the literature about this is limited; and there
is no consensus on treatment methods. CREF is a safe and
effective treatment method and may be a useful alternative
surgical fixation method to other procedures, such as ORIF
and nailing.
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