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Abstract. Introduction: Proximal humerus fractures are the seventh most frequent fracture in adults, and the 
third in patients over 65 years old, 5.7% of whole diagnosed fractures. Most of these fractures can be treated 
conservatively and achieve good results. However, more and more frequently we are confronted with dislo-
cated and multifragmentary fractures, and with elderly and high functional demanding patients. In patients 
with osteoporosis and poor general conditions external fixation can be performed as rapid and mininvasive 
procedure with good outcome and low complication rates. The authors investigated the use of external fixa-
tion in the treatment of proximal humerus fractures. The objective is to demonstrate the effectiveness of this 
method as a valid alternative to other surgical techniques. Materials and Methods: A multicentre study was 
conducted at 7 hospitals in Italy from 2014 through 2018. We recruited all proximal humeral fractures (as 
classified with the Neer system) that are surgically treated with the same external fixator DOS, for a total of 
110 patients, evaluated later with Oxford Shoulder Scale (OSS) and disability of the arm, shoulder and hand 
score (DASH) at 1, 2 and 6 months. Results: The patients have passed from a score of 75,37 in the first month 
to a score of 29,47in the sixth month at the DASH and from 47,02 to 27,71 at the OSS. The data further 
confirm the increased incidence of these fractures in women and in a mean age of about 65. Conclusions: Al-
though it does not represent the golden standard in the treatment of fractures of the proximal humerus, in 
our experience the minimal osteosynthesis with external fixator turned out to be a very valid help especially 
for the simplicity and speed of the method, as well as for the exciting functional results. sometimes superior 
to other methods. The preliminary results from the different centers have confirmed this hypothesis. We hope 
this will be a good starting point for further in-depth studies. (www.actabiomedica.it)
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Introduction

Proximal humerus fractures are the seventh most 
frequent fracture in adults, and the third in patients over 
65 years old, 5.7% of whole diagnosed fractures. Hu-
merus fractures have a seasonal pattern, that increase 
during the winter period (1). In young people, these 
fractures are observed in high-energy trauma (traffic ac-
cidents or sports injuries), while in elderly patients, with 
osteoporotic bone, they can be observed even in a low-
energy trauma, like a trivial fall to the ground (2). Proxi-
mal humerus fractures are classified into 4 types based 
on Neer’s classification, which is the most commonly 
used classification for the proximal humerus fracture. 
It includes greater tuberosity, surgical neck, 3-part, and 
4-part fragment fractures. The greater tuberosity fracture 
represents the 1 fragment fracture, and the surgical neck 
fracture represent 1 displaced fragment. A 3-part frac-
ture was defined as 2 displaced fragments, while a 4-part 
fracture was defined as having 3 or more displaced frag-
ments from the proximal humerus (3). Most of these 
fractures can be treated conservatively and achieve good 
results. This is especially valid for compound fractures 
and for patients with low functional demands. (4) How-
ever, more and more frequently we are confronted with 
dislocated and multifragmentary fractures, and with 
elderly and high functional demanding patients. Obvi-
ously in these cases the treatment becomes surgical. In 
multi-fragment fractures, the most common treatment 
is open reduction and internal fixation. The commonly 
used solutions are represented by intramedullary nails 
and locking plates. The plates give a good result, but they 
are not free from risks and complications (5). Further-
more, trying to achieve an optimal reduction, it happens 
to devascularize small bone fragments, with high risk of 
non-union or retard in consolidation (6). On the other 
side, the intramedullary nails have undoubted biome-
chanical advantages, but they also present complications, 
such as not obtaining optimal reductions and occasional 
rotator cuff damage (7). Other kinds of surgical treat-
ment include percutaneous k-wires, cannulate screws, 
Cage, External fixator, prosthetic replacement (8,9). 
The gold standard in treatment of displaced multifrag-
mentary proximal humeral fractures in the elderly is still 
controversy. In literature are reported as many articles on 
the advantages of each single technique, as many articles 

on the complications of the same techniques (10). There 
is no consensus regarding which is the best treatment 
especially for three- or four-part fractures. Frequently, 
we observe three- or four-part fractures in elderly pa-
tients with osteoporosis. Osteoporosis itself becomes a 
primary problem, as it limits the tightness of screws in 
the bone (11). In patients with osteoporosis and poor 
general conditions external fixation can be performed 
as rapid and mininvasive procedure with good outcome 
and low complication rates (12). Overall, the trend has 
been to move away from the schemes of classification of 
fractures and to focus more on the characteristic and pa-
tient expectations. This preliminary report investigated 
the use of external fixation in the treatment of proximal 
humerus fractures using DOS by Gexfix, that was born 
as evolution of the TGF System (9). This preliminary 
study reports the results of the different centers in Italy 
that first began to use it and anticipates further studies 
that will follow this.

Materials and Methods

A total of 110 patients (74 women and 36 men) 
with a mean age of 65,17 years (range 40min.–86max 
years) with displaced proximal humeral fractures re-
cruited in the study, from January 2014 to  December 
2018. 58 from Orthopaedic and Trauma Unit, 
Piedimonte Matese Hospital, 20 from  Department 
of Orthopaedic Surgery, University of Palermo 
( DiChirOnS), 11 from Orthopaedic and Trauma 
Unit, Napoli S. Paolo Hospital, 6 from Orthopaedic 
and Trauma Unit, AORN Cardarelli, 6 from Ortho-
paedic and Trauma Unit, Nola Santa Maria della Pietà 
Hospital, 5 from Orthopaedic and Trauma Unit, Sarno 
Martiri Di Villa Malta Hospital, 4 from  Orthopaedic 
and Trauma Unit, Napoli S. Giovanni Bosco Hospital. 
The inclusion criteria included all proximal humeral 
fractures (as classified with the Neer system) that are 
surgically treated with the same external fixator. The 
same external fixator and surgical technique was used 
to all patients. The mechanism of injury for all patients 
was irrelevant. A total of 66% of cases were two-part 
fractures and 34% were three-part fractures. The re-
moval of the external fixator was performed with a 
mean of 41,92 days.
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on the humeral shaft at a distance of 3 or 4 centimetres 
from the first. Now it can be connected the DOS. It 
consists of a telescopic carbon bar, which connects the 
wires and the pins. The carbon telescopic bar is the basic 
element. The system is formed by a long arm of 18 cm, 
short arm of 11 cm on which a small bar of 9 cm is in-
serted forming a T (adjustable), on which the K-wires 
are fixed. The short bar is inserted into holes present 
on the top of the telescopic bar oriented to 125/130° 
(depending on the thickness of the patient’s shoulder) 
The bar is adjustable by a central cursor, which can be 
rotated favouring the compaction or distraction, in or-
der of 1.4 cm more or less, representing an advantage for 
the orthopaedic who, after stabilizing the fracture under 
radioscopic control, can further refine the reduction.

Postoperative care and Follow Up

Patients performed a radiographic examination 
immediately after the surgical procedure. Wound 
dressings of the skin passages of wires and pins were 

Surgical Technique

The operation is performed in General Anaes-
thesia. The patient is placed on the operating table in 
a “beach chair” position at 30° with flexed knees. The 
shoulder in in retropositioning in order to better exter-
nalize the surface of the humeral head. Fluoroscopy is 
positioned so as not to hinder the reductive and osteo-
synthesis manoeuvres. The reduction of the fracture is 
obtained by pulling and intra or extra rotate the arm. 
If that is not enough, it can be used a K-wire and/or 
a small access for introducing instruments. Placement 
of the first Kirschner wire is anterior to the Acromion 
and laterally to the throchite, so as to pass the wire 
more centrally to the fragment of the head. The second 
Kirschner wire must cross the first forming a sort of “X” 
in the Diaphyseal channel. It can be eventually used a 
third or more wires according to the needs to better re-
duce the fracture. Then, with the hand drill it can be 
inserted the first self-drilling self-tapping pin on the 
humeral diaphysis. The second pin take place distally 

Figure 1. 
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at the DASH and from 47,02 to 27,71 at the OSS. No 
cases of bone infection and/or non-union have been 
reported. The pain remained always at acceptable lev-
els, however controllable with over-the-counter anal-
gesic drugs. These results indicate a good functional 
recovery of the joint. Almost all patients are satisfied 
with the result. Being able to see the limb moving right 
after the operation is a great help for the patient who 
begins the rehabilitation with more optimism. The 
data further confirm the increased incidence of these 
fractures in women and in a mean age of about 65.

Discussion

Even if hemiarthroplasty is accepted as the treat-
ment of choice for 4-part fractures, especially in elderly 
patients, different techniques are currently performed 
for the treatment of 2- and 3-fragment fracture (15). 
The use of external fixation in 3 or 4-fragment frac-
tures allowed us to perform a minimal surgical osteo-
synthesis procedure in patients often suffering from 
comorbidities that contraindicated invasive surgical 
operations. For example, it was possible to treat pa-
tients with severe cardiac or systemic diseases who 
were usually treated conservatively due to the increased 
risk of mortality due to open surgery, regardless of the 

performed on alternate days. Four hours after surgery, 
the patient began the initial rehabilitation program. 
Visual clinical control was performed every 7 days, in-
cluding the assessment of pain. A new radiographic 
control was performed after 30 days. After 6 weeks 
(with a range between 5-8) the fixator, wires and pins 
were removed without anaesthesia with an outpatient 
procedure and was performed a radiographic examina-
tion. After removal, an additional dressing of the skin 
passages was performed at 7 days. Patients were as-
sessed with the disability of the arm, shoulder and hand 
(DASH) score and Oxford Shoulder Scale (OSS) at 1 
month, 2 months and 6 months after surgery (13,14). 
The union, documented with radiographic follow ups, 
was obtained in all cases, even if the reduction was not 
optimal in some of them. 

Results

As shown in Table 1, the results obtained, assessed 
with the DASH and the OSS have been satisfactory, 
from the first month, with an improvement trend up 
to sixth month. Moreover, the data are comparable be-
tween the two evaluation scales.

The patients have passed from a score of 75,37 in 
the first month to a score of 29,47 in the sixth month 

Table 1. Data collected from 7 surgical centers in Italy

Surgical Center Patients Left Right Male Female
Mean Age 

(Min-Max)
Removal 

Day
DASH 

1M
DASH 

2M
DASH 

6M
OSS 
1M

OSS 
2M

OSS 
6M

Piedimonte Matese 
Ave Gratia Plena

58 28 30 15 43 66,16 (40-86) 43,05 65,45 48,12 31,83 41,82 32,96 20,73

University of 
Palermo

20 8 12 7 13 69,15 (44-82) 43,6 77,81 56,81 35,9 43,5 29,7 24,3

Napoli S. Paolo 
Hospital

11 6 5 7 4 63,09 (52-85) 41,45 78,65 57,32 34,76 48,45 37,54 22,45

Napoli AORN 
Cardarelli

6 4 2 1 5 65 (54-74) 41 74,58 52,24 29,74 48,6 37,6 20,16

Nola Santa Maria 
della Pietà Hospital

6 4 2 2 4 62,1 (59-81) 41,83 75,95 60,49 31,58 48,83 36,83 21

Sarno Martiri Di 
Villa Malta Hospital

5 3 2 2 3 66 (55-74) 41,25 77,56 23,9 7,68 48,45 37,54 24,3

Napoli S. Giovanni 
Bosco Hospital

4 2 2 2 2 64,75 (64-72) 41,25 77,56 59,16 34,78 49,5 35,75 19,05

Cumulative of the 
study

110 55 55 36 74 65,17 (40-86) 41,92 75,37 51,15 29,47 47,02 35,42 21,71
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external fixator management manual is also given, 
explaining what to do and how to behave in multiple 
situations. It is often explained to the patient not to 
be alarmed by the presence of secretion coming from 
the passage of the K wires. Frequently, leakage of a 
serious or serum-ematic fluid occurs which alarms the 
patient for fear of infection. This liquid comes from 
the subacromial bursa which is obviously the object of 
crossing by the K-wires (18). In this case it is advisable 
to perform dressings more frequently.

The radiographic controls are performed immedi-
ately after surgery, between the seventh and fourteenth 
day to verify the maintenance of the reduction. Sub-
sequently, a check is performed between the thirtieth 
and the fortieth day, before removal. The results of this 
method were beyond expectations. If you could not 
always get exciting radiographic results and the reduc-
tions were not optimal, however the functional result 
has always been great, even compared to other surgical 
methods.

After removal, the patient is invited to intensify 
the physiotherapy program, adding elevation exercises. 
Evaluation scales have shown a steady growth over six 
months. In addition, the patients were increasingly 
motivated to perform physiokinesitherapy for the tan-
gible improvement they experienced day after day (19). 
Removal is performed on an outpatient basis and often 
does not require important anaesthetic procedures.

The results showed that the use of external fixa-
tion is important in allowing early mobilization. It 
allows early counteract muscle retraction, with some-
times better functional outcomes compared with 
other surgical methods. The results confirm that the 
improvement is observed as early as one month af-
ter the removal of the fixator. Improvements continue 
from month to month, with excellent results 6 months 
after removal. In terms of pain, the patient observes 
an improvement already a few days after the opera-
tion. Other techniques of operative fixation can cause 
soft tissue disruption or accidental lesions of axillary 
nerve (20,21). It can increase the risk of avascular ne-
crosis and non-union of the humeral head. Percutane-
ous fixation significantly reduces these risks. Minimal 
surgical dissection may allow for improved rehabilita-
tion and range of motion. The main indication of the 
DOS system is three and four-part fractures. In some 

functional outcome. The management of displaced 
proximal humeral fractures in the elderly remains 
controversial. Before surgery, it is useful to perform a 
CT Scan exam (16). Often the only x-ray, although in 
most projections, are not able to clarify the true nature 
of the fracture and the position of all the fragments.

The surgical procedure was often performed in 
emergency in polytrauma, to allow a rapid and effec-
tive temporary stabilization of the fracture with nerve 
vascular compression, in order not to interfere with the 
execution of further emergency surgical procedures. 
This stabilization, born as a temporary one, often 
turned into a definitive one, leading to the healing of 
the fracture without the need for further surgery.

Two operators are sufficient for the surgical tech-
nique. One to maintain the reduction obtained and 
one to introduce the K-wires. It is a percutaneous pro-
cedure that adopts surgical accesses with minor risks. 
It does not imply significant blood loss. The learning 
curve is relatively short. It is possible to customize the 
technique to the type of fracture using additional k 
wires, all of which can be connected to the DOS sys-
tem. The presence of a cursor on the main bar allows to 
improve the reduction in distraction, avoiding the phe-
nomenon of impaction of the head on the remaining 
distal humerus, an occurrence that often undermines 
the correct reduction. The system used in our study is 
composed of a proximal part that blocks the K wires 
and a distal part that connects to the fiches. In this 
way, elastic osteosynthesis is coupled to a rigid one, 
becoming a hybrid system. This system combines the 
rigid osteosynthesis that keeps the fracture stable, to 
the elasticity that allows those micro-movements that 
stimulate the healing of the fracture (17).

Mobilization starts practically immediately after 
surgery, with pendular movements of the humerus and 
with active and passive mobilization of the other joints 
of the upper limb in order to avoid muscle-tendon re-
tractions which would lead to a longer functional re-
covery. In this way, the patient can immediately notice 
the progressive functional recovery. Pain is always no 
more than 5/6 according to the Numeric rating Scale 
(NRS) in the post-operative period, to become 2/3 af-
ter 48 hours of surgery. 

The patient is discharged with prescription of 
frequent outpatient checks in the first 15 days. An 
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DOS fixator a surgical possibility, not alternative to 
the others, but like the others, very valid tool for the 
osteosynthesis, temporary or definitive, of proximal 
humerus fractures, especially at 2, 3 or more fragments.
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