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Abstract 
 

Background: Proximal humeral fractures account for 5% of injuries to the appendicular skeleton and 
are the third most common fractures in the elderly, after wrist and hip fractures. Minimally Invasive 
Reduction and Osteosynthesis System (MIROS) is used for treatment of fractures of the upper limb, 
particularly of the proximal humerus. It allows reduction of angular displacement and fixation of 
fracture fragments by means of elastic K-wires locked in a metallic clamp placed externally on the 
skin. It can be applied easily, with minimum instrumentation.Surgical management of the proximal 
humeral fractures by Minimally Invasive Reduction and Osteosynthesis System (MIROS fixation) is a 
good option with good modality technique and outcomes. 
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1. Introduction  

Proximal humeral fractures account for 5% of 
injuries to the appendicular skeleton and are the 
third most common fractures in the elderly, after 
wrist and hip fractures (1,2).  

In elderly patients this fracture follows a low-
energy trauma , while in younger patients 
proximal humeral fractures often follows a high 
energy trauma , such as falls from a height, road 
traffic  accidents, sports.(2) A rare potential 
mechanism is violent muscle contraction caused 
by electric shock or seizure(3). 

These fractures can pose a challenge for the 
treating surgeons because of the generally 
osteoporotic nature of bone in the elderly and 
the relative deforming forces of the surrounding 
muscles (4). 

Surgeons who treat proximal humeral fractures 
should be able to identify the fracture pattern 
and select an appropriate treatment on the basis 
of this pattern and the underlying quality of the 
bone(4). 

The majority of proximal humeral fractures can 
be treated non operatively with acceptable 
functional results. It has been estimated that 
almost three quarters of fractures fit into this 
category; however, there is still disagreement 
concerning which fractures should be treated 
operatively and even more controversy 
regarding the appropriate surgical intervention 
(5). 

The decision that operative treatment is 
appropriate is complicated by the numerous and 
varied techniques described for fixation of 
proximal humeral fractures. Generally, fracture 
displacement is used as the indicator of stability. 
The goal is restoration of proximal humeral 
anatomy with stable fixation that allows early 
functional range of motion. Chronic malunions 
and nonunions that are subsequently treated 
surgically are associated with poor outcomes. 

Consequently, it is imperative to recreate the 
normal proximal humeral anatomy with respect 
to tuberosity reduction and the head-neck 
relationship (6). 

Indications for operative treatment include 
displaced two-part surgical neck fractures, 
displaced (>5 mm) greater tuberosity fractures, 
displaced three-part fractures, and displaced 
four-part fractures in young patients. The type of 
fixation, transosseous suture fixation, 
percutaneous pinning, intramedullary nailing, or 
plate fixation, depends on the patient’s age, 
activity level, and bone quality, the fracture type, 
associated fractures and the surgeon’s technical 
ability. Fractures that are not amenable to 
operative fixation, including comminuted 
fractures, head-split injuries, and fractures 
associated with high rates of osteonecrosis, are 
often indications for reconstruction with either 
hemiarthroplasty or reverse total shoulder 
arthroplasty (7) 

A modified technique for percutaneous pinning 
Minimally Invasive Reduction and 
Osteosynthesis system (MIROS) 

A recently introduced device used for treatment 
of fractures of the upper limb, particularly of the 
proximal humerus through minimally invasive 
reduction and osteosynthesis. It allows 
correction of angular displacement and fixation 
of fracture fragments by means of elastic K-wires 
locked in a metallic clamp placed externally on 
the skin. It can be applied easily by any surgeon 
in even the most remote areas with minimum 
instrumentation, MIROS might provide greater 
fracture stability and less complications with 
respect to traditional percutaneous pinning(8,9). 

With the MIROS four pins are used, the ends of 
which are blocked in a clip placed externally on 
the skin. The rationale of these techniques is to 
stabilize the fracture fragments by shifting the 
site of fixation from the cancellous bone of the 
proximal humerus to the stronger bone of the 
lateral cortex of the humeral diaphysis (8,9). 
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Fig.1: Fluoroscopic view after insertion of the 
four K-wires of MIROS. The numbers indicate the 
sequence with which the wires are inserted. The 
arrow points to the externally placed metallic 
clip.(8) 

The MIROS consists of four 2.5 mm thick and 50 
cm long stainless steel or titanium wires the end 
of which is introduced into a metallic clip. The 
latter has a diameter of 20 mm and contains a 
screw that is tightened to lock the wires (8,9). 

The patient in supine position with the head of 
the operating table raised to 30°. Before 
inserting the K-wires, attempts were made to 
reduce the fracture by manipulation. The first K-
wire was introduced into the greater tuberosity 
and then pushed down to the distal humerus.  
The second cranial K-wire was inserted into the 
largest part of the humeral head to the distal 
humerus.  When inserting these K-wires 
attention was paid to avoid subacromial 
impingement by slightly bending the wires after 
they were introduced perpendicularly to the 
skin(8,9). 

The remaining two K-wires were inserted from 
metaphysis of the proximal humeral distal to the 
fracture site with a cranial direction until they 
reached the subchondral bone of the humeral 
head. Then further bending of the four K-wires 
was carried out to lock them into the external 
clamp which was placed at least 2-4 cm from the 

skin of the deltoid area. Once the clamp was 
blocked, it was possible to slightly correct the 
varus or valgus position of humeral head by 
compressing or distracting the K-wires into the 
metallic clamp. They were then cut and the 
screw inside the clamp was tightened(8,9). 

 

Fig. 2: Photograph taken after implantation of 
the MIROS, showing the external part of the 
system. (8) 

 

Fig.  3:  post-operative anteroposterior 
radiograph ana anteroposterior radiograph 
obtained at the six-month follow-up(8). 

Complications: 

1-Pin loosening & migration 

Pin migration is a frequent problem around the 
shoulder and can have disastrous consequences. 
the pins may back out or Proximal migration into 
the joint also is possible. Close follow-up is 
mandatory. Patients must be counseled on the 
importance of postoperative compliance and 
symptoms of concern. Immediate postoperative 
radiographs should be taken to document pins 
position, and pins should be removed if there is 
any change on subsequent films or evidence of 
loosening(10). 
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2-Pin tract infections  

Although any implanted hardware may become 
infected, pins left protruding from the skin are at 
particularly high risk. Superficial infections 
generally are treated with local wound care, pin 
removal, and oral antibiotics. Deeper infections 
are less common but can lead to significant 
complications including osteomyelitis of the 
humerus (10). 

Patients at higher risk for infection, such as those 
who have diabetes or immunosuppression 
should be monitored closely, and any suspicion 
of infection should be treated aggressively (10). 

3-Loss of fixation/malunion/non-union 

Union rates following CRPP reportedly are high, 
probably secondary to the lack of soft tissue 
dissection required for reduction and fixation. 
More commonly, loss of fixation and malunion 
occur. Patients at increased age who have 
osteoporosis and those who have fracture 
comminution are at higher risk. Early pin 
loosening and loss of fixation should be 
recognized because surgical correction still may 
be possible. Depending on the degree of loss of 
fixation, revision CRPP or ORIF should be 
performed (10). 

Malunion has been defined in several different 
ways, making it challenging to compare patients 
across studies. The most common residual 
deformities include varus angulation of the head 
and posterosuperior displacement of the greater 
tuberosity. Functional loss and pain may result. 
Radiographic deformity, however, may be 
surprisingly well tolerated by the patient, and 
this tolerability should be kept in mind in 
considering an extensive osteotomy procedure 
(10). 

4-Avascular necrosis 

The development of AVN is determined largely 
by the injury itself and not necessarily by the 
course of treatment. There are, however, 
suggestions that the rate of AVN is lower with 
CRPP than with ORIF. The changes of AVN may 
take as long as1- 2 years to develop, and patients 
should be followed for that length of time(10). 

5-Neurovascular and biceps tendon injury 

Several cadaveric studies have examined the 
relationship of neurovascular structures to 
percutaneously placed pins, revealing the 
potential danger of the procedure. Kamineni et 
al. (11) performed percutaneous pinning on 40 
specimens using the technique described by 
Jaberg et al. (12) Three injuries to the axillary 
nerve were noted: two direct penetrations and 
one injury to perineural tissue. No injuries to the 
circumflex humeral vessels occurred (11) . 

Rowles et al. (13) performed percutaneous 
pinning in 10 cadavers to examine the proximity 
of neurovascular structures. They found that the 
proximal lateral pins were a mean distance of 3 
mm from the anterior branch of the axillary 
nerve. The anterior pins were a mean distance of 
2 mm from the long head of the biceps tendon 
and 11 mm from the cephalic vein. The proximal 
tuberosity pins were a mean distance of 6 mm 
from the axillary nerve and 7 mm from the 
posterior humeral circumflex artery(13).    

Based on these studies, it is clear that 
neurovascular structures are at risk during CRPP, 
and a thorough knowledge of the anatomy is 
mandatory (10). 
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