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The treatment of proximal humeral fractures with a
“Polarus” intramedullary nail
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Abstract. Proximal humeral fractures are complex lesions with difficult management problems; therefore, they
pose a challenge for orthopaedic surgeons. In the literature, numerous treatment techniques have been pro-
posed for these kinds of fractures. In our study we reviewed 30 patients with a mean age of 75 years presenting
a proximal humeral fracture (Neer 2-3) and treated at our clinic with a Polarus nail, with a mean follow-up of
7 years. We obtained 73.3% of good and excellent results in line with literature. Complications were recorded
in 6 of the patients (20%) recruited in our study. In particular, 3 cases of proximal screw pull-out, 1 case of
deep infection and 2 cases of acromio-clavicular joint impingement syndrome. The aim of our study was to
review our case histories and compare them with the literature analysing this complex type fracture and treat-
ment options. (www.actabiomedica.it)
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Introduction

Proximal humeral fractures represent 5% of all
fractures, showing an incidence rate ranging from 48
to 142 cases every 100.000 individuals (1).

Epidemiological studies show an exponential in-
crease of these fractures after the fifth decade due to
senescence-associated poor bone quality with reduced
trabecular bone density and cortical thinning exposing
the elderly population to a high risk of fractures even
following low-energy traumas (2).

The economic consequences for our society (so-
cial services and health care costs) of this type of lesion
are significant; patients with proximal humeral fractu-
res often face reduced mobility and independence due
to serious functional limitations and therefore require
assistance in performing even basic, everyday activi-
ties.

The treatment of this type of lesion has progres-
sively changed over the years but clinical-functional
results are far from being completely satisfactory.

In fact, these fractures are difficult to treat, as they
tend to have a greater prevalence in elderly osteopo-
rotic patients due to involvement of the joint surface, a
possibility of avascular necrosis leading to the osteone-
crosis of the humeral head, and a difficult reconstruc-
tion of multiple fragment fractures (3). The displace-
ment of two or more fracture fragments necessarily
requires surgical stabilisation since the interposition of
soft tissues could induce a consolidation of the fracture
associated with total instability, as well as significant
articulation deficits (4, 5). Currently, numerous treat-
ment techniques are available. However, in the light of
available results, there is no gold standard treatment
(6-8). Among the various methods available, percuta-
neous K-wire fixation offers biological benefits, how-
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ever, clear clinical benefits have not yet been recorded
due to the difficulty of maintaining an effective and
long-lasting reduction and due to the risk of damaging
noble structures.

Intramedullary nailing with Ender-type pins
(Gandolfi-Malavota) requires a cautious approach and
slow learning curve. It does not guarantee a control of
rotatory forces and does not allow the compression of
the fracture, thus increasing the risk of pseudoarthro-
sis (9). Elastic nails (Vincenzi-Marchetti), a natural
evolution of the Ender nails, have reduced duration
of surgery and complications without however, having
resolved the problems linked to the low resistance of
the rotatory forces still requiring post-surgery immo-
bilisation.

Plate fixation offers greater stability but to the
detriment of longer surgical exposure, increasing the
risk of avascular necrosis of the humeral head. In the
literature, some authors consider this synthesis tech-
nique as extremely effective even if loss of reduction
has frequently been recorded, observed during reha-
bilitation at routine ambulatory check-ups. This com-
plication is due to the reduced stability of the synthesis
device at the level of the humeral head, described by
many authors as an empty “eggshell”: the rigidity of
the device associated with excessive bone porosity sig-
nificantly increases the possibility of migration of the
proximal screws (10, 11). Another aspect to consider is
the acromioclavicular joint synthesis device due to the
operator mal-positioning the plate or to the displace-
ment of the humeral head due to reduced screw stabil-
ity in the osteoporotic bone (12).

Replacement of the shoulder joint with a pros-
thesis in elderly patients presenting with fractures
characterised by a breakdown and fragmentation of
the humeral head is considered by some authors as the
golden standard even if in the literature results are dis-
cordant (13, 14).

The ability to limit bleeding preserving tissue in-
tegrity, the low incidence of avascular necrosis docu-
mented in the literature, the necessity to reduce immo-
bilisation times and the quick recovery of functionality
of the shoulder have led to growing interest in the
use of intramedullary nails (15). The use of this type
of technique allows to achieve a multidirectional and
multilevel proximal synthesis, preventing the displace-

ment of fragments and contrasting rotatory forces in
an elastic manner.

This is the reason why we decided to present our
study on the treatment of proximal humeral fractures
with the use of Polarus intramedullary nails (16-18).

Materials and methods

At the Orthopaedic Department of the Univer-
sity Hospital in Verona, between January 2000 and
July 2007, we examined 30 patients (16 males and 14
females) treated with a Polarus nail. The mean age was
75 years, (range 45-82). All fractures were reduced and
a post-traumatic cause was identified. The right hu-
merus was affected in 18 cases, whereas the left hu-
merus was affected in 12 cases. Fractures were clas-
sified using the Neer classification (19, 20): 18 Neer
type II, 12 Neer type III. In all patients, in order to
study the articular fragments and due to the difficulty
of classifying the fractures with standard radiology,
CT scans were necessary (Figures 2, 3, 4). The mean
follow-up was 7 years (range 4 -11).

Patients were assessed radiologically and clini-
cally using the Constant-Murley shoulder score at 3,
6, and 12 months and then every year after surgery
(21). By assigning a maximum score of 100 points, this
scoring system considers various aspects such as pain,
recovery of normal articulation returning to perform-
ing everyday activities and recovering normal strength.

The Polarus intramedullary nail is a cannulated
nail in titanium with a standard diameter of 150mm
that has four holes for four 5 mm screws at the level of
the humeral head. The new version consists of thread-
ed screws and 2 holes for 3.5 mm cortical distal inter-
locking screws. In the latest version of the nail, there is
also an end cap blocking the proximal screws (Fig. 1).

The placement of each single screw was assessed
using an image intensifier in order to guarantee a cor-
rect reduction of the fracture along the various spatial
planes.

Patients had a cast applied and an arm supporting
sling for the first 3 weeks post-surgery; passive mobili-
sation of the elbow was started the day after surgery,
whilst active and passive mobilisation of the shoulder
was permitted only after 3 weeks.
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Figure 1. Polarus Intramedullary nail Figure 3. CT image of the fracture

Figure 4. Surgical synthesis of the fracture with a Polarus nail

Figure 2. A 2 fragment fracture of the humeral head-neck
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Results

Based on our clinical-instrumental assessment,
we obtained 30% of excellent results (9 patients of
which 7 classified Neer type II and 2 Neer type III)
with almost complete recovery of everyday activities
without pain and with a complete recovery of articula-
tion and strength.

Good results were recorded in 43.3% of patients
(13 patients of which 8 Neer type II and 5 Neer type
IIT) with moderate pain at maximum level of active and
passive movement and a slight reduction in strength.

In 13.3% of examined patients (4 patients, of
which 1 with Neer type II and 3 with Neer type III)
results were discreet with reduced articulation and
pain.

Poor results were recorded in 13.3% of patients (4
patients of which 1 Neer type II and 3 Neer type III).

Complications were recorded in 6 patients, of
which 2 were classified as type II and 4 as type III ac-
cording to the Neer classification.

Deep infection was recorded in one case 7 months
after surgery, classified as Neer II and diagnosed clini-
cally and instrumentally (inflammation index and
scintigraphy with positive leukocyte markers), and was
probably of hematic origin due to concomitant dental
abscess. Removal of synthesis devices and targeted an-
tibiotic therapy led to complete resolution.

Two cases of significant pain upon active and
passive mobilisation of the glenohumeral joint, due to
lesions of the rotator cuffs and sub-acromial impinge-
ment, did not respond to physical therapies and re-
habilitation. Also in these cases, removal of the intra-
medullary nail was necessary associated to a suture of
the tendon lesion with acromioplasty with good final
clinical-functional results.

Surgical removal of the proximal locking screws
was necessary in three cases of “pull-out”.

Neither neurological lesions nor vascular compli-
cations at the level of the humeral head were recorded
(avascular necrosis).

Clinical and radiological data showed a stabilisa-
tion of the outcome one year after application of the
device and maintained with a follow-up longer than 7
years good articulation and a completely efficient func-

tionality.

Discussion

In the literature, there is clinical evidence of ex-
cellent results for compound proximal humeral epiph-
yseal fractures treated in a conservative manner.

Gabler et al. carried out a study on 507 patients
with a mean age of 63 years presenting fractures with
minimum displacement of fragments. Excellent results
were recorded in 87% of cases with a mean follow-up
of 1 year (22).

Similar results were obtained by Koval et al. in the
review of 104 patients with similar characteristics (23).

Universal surgical indication criteria is not avail-
able for fractures with 2 or more fragments as a single
ideal surgical treatment technique for all fractures in
all patients does not exist.

These indications must be extremely personalised,
taking into account bone quality, fracture morphology,
soft tissue lining and adopted techniques.

Analysing our results, it can be highlighted that
for Neer-II-III type fractures, fracture synthesis using
a Polarus intramedullary nail has enabled us to achieve
73.3% of good and excellent results. These results are
in line with the literature where satisfactory results
range between 75 and 80% (18, 24, 25).

A study by Lin and co-workers reviewing 21 pa-
tients presenting proximal humeral epiphyseal frac-
tures treated with a Polarus intramedullary nail pro-
posed, recorded excellent or satisfactory results in 78%
of cases. (25).

Overlapping clinical results have been recorded
also by Mouradian and co-workers, whose patients
however had a lower mean age and in whom a modified
Zickel nail was used for the synthesis of fractures (26).

Evaluation and comparison of results in the lit-
erature is extremely difficult due to the lack of homo-
geneity of the fractures and patients considered, and to
the lack of a univocal interpretation of fracture clas-
sification and clinical scoring.

Pull-out of proximal screws is a complication re-
ported in the literature with an incidence ranging from
4 to 20% (17,18, 24, 27). In our experience, we have
had 3 cases representing 10% of our patients and 50%
of recorded complications.

Koike and co-workers recorded a 7% incidence of
proximal screw pull-out in their study, recommending
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the use of bicortical screws for the second and third
locking screw with the aim of increasing the stability
of the device thus preventing this complication (28).

We agree with the author regarding the possibil-
ity of avoiding this complication with their proposed
technique, however, we believe that the poor quality of
the osteoporotic bone in patients above the age of 65
requires a greater stability of the device.

The mechanical evolution of these synthesis de-
vices has partially contributed to overcoming this com-
plication by closing the proximal locking screws as oc-
curs with angular stable plaques, thus bypassing bone
stability itself.

In fact, the aseptic mobilisation of the device and/
or the loss of reduction of the reduced fractures are all
common complications also of other synthesis devices
proposed and used in the treatment of this fracture.

A broad and complete review of 791 cases of
proximal humeral epiphyseal fractures treated with a
plate and screws (PHILOS and LPHP) carried out by
Thanasas and co-workers recorded a 12.2% incidence
of synthesis failure with loss of reduction of the hu-
meral head and subsequent varus collapse and a 2.6%
incidence of pull-out of the head screws (29-33).

Examining this data and comparing it with our
own data, we can affirm that the treatment of proxi-
mal humeral fractures in elderly osteoporotic patients
is complicated by the reduced stability of synthesis de-
vices in this site.

Even when reductions are as anatomical as pos-
sible and devices are positioned correctly, not always is
it possible to avoid complications.

Varus collapse of the humeral head is almost inev-
itable in fractures with 3 or more fragments even when
dedicated screws are used.

In the literature, it is common belief that bone
transplants or synthetic replacements are fundamental
for the stability of the device notwithstanding a care-
ful patient selection and careful surgical synthesis (12,
34).

In this sense, the augmentation technique that
consists both in the cementation of the thread pitch
of the proximal screws and the use of plates with in-
tramedullary nails, could be a possible option (Fig. 5).

The objective is to increase the biomechanical sta-
bility of the implants, reducing complications due to
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Figure 5. The Locker System for Augmentation

loss of reduction following mobilisation of the devices
and length of immobilisation of the operated leg.

At the expense of higher surgery costs, we believe
that it is important to significantly reduce the number
of re-interventions due to cut-out and pull-out phe-
nomena in order to have a better patient outcome and
reduce health care costs.

The technique is simple and easily reproducible and
we believe it is of fundamental help to the surgeon in
the treatment of these and other fractures characterised
by a severe degree of osteoporosis and instability (35).
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