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Abstract

Purpose To report our experience with antegrade short locked intramedullary nail for treatment of proximal humeral frac-
tures and to review the current literature.

Materials and methods From January 2012 to July 2013, 41 patients affected by two and three-part proximal humeral frac-
tures were treated with surgical internal fixation with short locked intramedullary nails. Outcome analysis included stand-
ard clinical follow-up, Constant shoulder score and plain radiographs. The mean follow-up was 30 months (range 24—42).
Moreover, a review of the literature was carried out.

Results The mean Constant shoulder score was 81.5, excellent functional outcomes in 24/38 patients. All the fractures
healed in an average time of 3.7 months. Five patients underwent additional operations, complications included hardware
penetration into the joint (n=2), backed out screw (n=1), shoulder impingement due to protrusion of the nail (n=2) and
superficial infection (n=1). The literature review showed 530 patients affected by proximal humeral fracture and treated with
intramedullary nail with mean age of 65 years, mean follow-up of 22.2 months and a Constant shoulder score of 72.9 points;
the major complications reported were backing out of the screws, shoulder impingement and joint protrusion of the screws.
Conclusions Antegrade short locked intramedullary nail allows stable fixation, minimal soft tissue dissection, early mobiliza-
tion of the shoulder and good outcomes. It is an efficacious therapeutic solution for 2- and 3-part proximal humeral fractures.
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Introduction

The majority of proximal humeral fractures are osteoporo-
sis related, affect elderly women and are the result of low-
energy falls [1-3].

Over the decades, there have been increasing number of
osteoporotic fractures with the aging of the population and
represent a considerable problem in health care due to severe
consequences in terms of morbidity and mortality [4].

Proximal humeral fractures represent approximately 5%
of all fractures and are the third most common fracture type
in the elderly population; they are associated with increased
mortality in men and risk of a subsequent hip fracture more
than five times within one year [1, 5, 6].
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Treatment of osteoporosis and prevention of falls in
elderly population should decrease the frequency of these
fractures [7].

A recent study carried out by Kathib et al. [8] showed that
the incidence of proximal humeral fractures in patients aged
65 or older increased by 28% between 1990 and 2010; how-
ever, not all studies demonstrated the same rapid increase
[91.

The management of patients changes according to age,
case history, clinical evaluation, bone mineral quality,
comorbidities such as obesity [10] and patient’s ability to
participate in rehabilitation.

The hospitalization rate described ranges from 36.6 to
43% [3, 11]; furthermore, Zhang et al. described a hospital
readmission of 14% after surgical treatment, 75% associated
with medical diagnosis [12].

The treatment of these fractures remains still controver-
sial, and consensus in the literature is poor [9]; indications
depend on the personality of the fracture, patient’s factors
and surgical factors [13].
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Several classification methods have been developed in
order to analyze the personality of the fractures [14-18].

Neer and AO classifications are the most commonly used
despite neither of them showing a sufficient reproducibility
[19].

Approximately, 80% of these fractures can be treated
non-operatively with good outcomes [20], and on the other
hand, adult or active elderly patients affected by displaced
fractures may require surgical treatment [21, 22].

A fracture is considered displaced if the fragments are
displaced more than 1 cm or there is an angulation of more
than 45°. Conservative treatment of these fractures may
result in malunion and stiffness of the shoulder [15].

The potential humeral head perfusion after an intraca-
psular fracture is an essential issue; the predictive factors
of humeral head ischemia after intracapsular fracture, as
described by Hertel et al. in 2004, are: length of the dorso-
medial metaphyseal extension, integrity of the medial hinge,
basic fracture type [17].

Nowadays, several meta-analyses emphasize the role of
the conservative treatment in elderly patients even in dis-
placed fractures, thanks to the results being as good as the
ones of the surgical treatment with the advantage of the
absence of postoperative complications [23, 24].

Nevertheless, in the last decade the rate of surgical treat-
ment increased significantly [8, 9].

Different procedures have been developed: minimally
invasive techniques, open reduction and plate fixation,
intramedullary nailing and arthroplasty.

The aim of this retrospective study and literature review
is to investigate the functional outcome, union and compli-
cation rates in patients with 2- and 3-part proximal humeral
fractures treated using antegrade short locked intramedul-
lary nail.

Materials and methods

From January 2012 to July 2013, 63 patients with proximal
humeral fractures were treated with intramedullary nail at
the Department of Orthopaedics, University of Cagliari; we
included in this study 41 of 63 patients.

Inclusion criteria were 2- and 3-part proximal humeral
fractures according to Neer classification [15].

We excluded 22 of 63 patients treated with intramedullary
nail and affected by 4-part fractures, proximal fractures with
shaft extension and open fractures.

In the 41 patients included in the study, the mean age
was 70 years (range 60—88); the group was composed of
26 women and 15 men, and 17 of them had fractures on the
dominant side.

In 36 cases, the injury was the result of an accidental fall
from standing height.
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A clinical assessment was performed in all patients, frac-
tures were evaluated with X-ray trauma series of shoulder
(antero-posterior, axillary and scapular Y view), and CT
scans were performed in 32 cases in order to get more details
regarding the characteristics of the displacement and fracture
fragments.

Fractures were classified according to Neer classifica-
tion, 2-part fractures (n =26) and 3-part fractures (n=15),
and according to AO classification: 1.1-A2 (n=12), 1.1-A3
(n=14),1.1-B1 (n=11), 1.1-B2 (n=4).

The mean time between admission and surgery was
3 days (range 1-7), and the average operating time was
60 min (range 40-95).

A total of 35 of 41 procedures were performed by three
expert surgeons, and six procedures were performed by four
other surgeons supervised.

All patients were positioned in a beach-chair position.
We performed the trans-deltoid approach: The skin incision,
from the border of the acromion, was parallel to the humeral
axis. Paying particular attention to the axillary nerve, we
split the deltoid muscle and then incised the supraspinatus
tendon in line with its fibers.

In all cases, we used short humeral nail with proximal and
distal locking screws: Citieffe Dinamic T (Citieffe, Bologna,
Italy), Expert (Synthes, West Chester, PA, USA).

In 10/41 cases, we performed the proximal fixation using
the spiral blade locked with an end cap.

During the postoperative 4 weeks, patients used a shoul-
der sling as comfortable; early elbow mobilization and pen-
dulum exercises were allowed, and complete external rota-
tion and abduction movements were avoided.

Clinic assessment and X-rays (anterior—posterior and lat-
eral projections) were performed during follow-up at 1, 3, 6
and 12 months and every 6 months thereafter.

The Constant shoulder score were assessed at the final
follow-up.

We considered Constant score excellent (100-81), good
(80-61), sufficient (60—41) and insufficient (40-0).

The fracture was considered healed when there was cor-
tical bridging of at least three out of four cortices in two
X-rays projections.

Finally, we reviewed the current literature reporting the
use of intramedullary nail in proximal humeral fractures; we
analyzed number and mean age of patients, types of fractures
according to Neer classification, functional outcomes with
Constant shoulder score and complications.

Results

The mean follow-up period was 30 months (range
24-42 months).
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One patient had died (cause unrelated to the surgery), and
two patients were lost at the time of follow-up; therefore, our
initial group lowered from 41 to 38 patients.

The mean time of fracture consolidation was 3, 7 months
(range 2.5-4.3), and only one fracture consolidated after
4 months, while no cases presented nonunion of the humeral
head.

The average score obtained according to the Constant
shoulder score was 81.5 (range 27-100) (Table 1); twenty-
four patients had an excellent result (100-81), ten had good
result (80-61), two sufficient (60-41), two insufficient
(40-0).

Six patients (6/38) (15.8%) showed complications, and
five (5/38) (13.1%) underwent another operation.

Spiral blades penetration into the articular surface of
the humeral head was noticed in two patients, and two
cases showed a subacromial impingement due to the nail
protrusion (Fig. la, b: Subacromial impingement due to
nail protrusion); one backed out screw and a superficial
infection healed after antibiotics and wound debridement.

No cases presented avascular necrosis of the humeral
head, malunion, deep infections, vascular or nervous
injuries.

Our literature review revealed 15 studies (three pro-
spective and 12 retrospective) with a total of 634 patients,
where 530 of them available for the final follow-up
[25-39] (Table 2).

Table 1 Summary of details and
results in the study

Period

From January 2012 to July 2013

Patients included

Patients analyzed at the end of follow-up

Fracture types (AO)
Fracture types (Neer)
Mean age

Mean follow-up
Constant score
Mean union time
Complications

Reoperations

41

38 of 41

1.1-A2=12; 1.1-A3=14;1.1-B1=11;1.1-B2=4
2-part=26; 3-part=15

70 (range 60-88)

30 months (range 24-42)

81. 5 (range 27-100)

3, 7 months (range 2.5-4.3)

Screws penetration into the joint (n=2), backed out screw
(n=1), shoulder impingement (n =2), superficial infection
(n=1)

5 of 38 patients (13.15%)

Fig. 1 Case of 3-part fracture treated with short antegrade intramedullary nail with shoulder impingement due to protrusion of the nail
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Despite the variety of classification methods used in these
studies, we considered only Neer classification of fracture,
Constant score to assess clinical the outcomes, mean time of
fracture healing, complications and reoperation rate.

The average number of patient participants in the stud-
ies selected was 35.3 (range 19-80), and the mean age was
65 years (range 48-78), the mean follow-up 22.2 months
(range 10-42.8); according to Neer classification, 281
(51.1%) were 2-part fractures, 178 (32.5%) 3-part fractures,
58 (10.6%) 4-part fractures and 32 (5.8%) fractures with
shaft extension.

We found an average Constant shoulder score of 72.9
(range 60.6-93.3) and a reoperation rate of 18.6% (range
0-33.3%).

Only six studies described a mean time of fractures union,
and the average was 3.16 months (range 2.4-4.2).

Two studies showed significantly worst outcomes in
elderly patients (> 60 years) [32, 33]; in five studies, worst
outcomes were described in 4-part-type fractures [25, 28,
31, 36, 37].

The most reported complications are: backing out of the
screws (n=42), shoulder impingement (n=31), screw pro-
trusion into the shoulder joint (n=21) and avascular necrosis
(n=20) (Table 3).

Discussion
Many authors obtained good results using the intramedul-
lary nail, especially in 1.1-A2, 1.1-A3, 1.1-B1, 1.1-B2 frac-

tures (AO classification), and 2- and 3-part fractures (Neer
classification).

Table 3 Summary of complications in the review

Types of complication Number of
complications
Backing out of the screws 42
Shoulder impingement 31
Glenohumeral joint protrusion of screws 21
Avascular necrosis 20
Malunion 17
Loss of reduction 16
Fixation failure 14
Nonunion 9
Severe stiffness 6
CPRS type I 5
Nerve palsy 4
Secondary cuff tear 4
Deep infection 3
Superficial infection 2
Heterotopic ossification 2

Our series considered the small number of patients,
showed a better Constant shoulder score (81.5 vs 72.8) and
less reoperation rate than our review (13.5% vs 18.6%), and
this may be due to the absence of 4-part fractures and to the
exclusion of proximal fractures with shaft extension [25-39].

The advantages of intramedullary nail reported were:
stable fixation, less bleeding, less invasive surgery, close
reduction in fracture, less vascular nerve injuries, shorter
time of surgery and quick functional rehabilitation [25-39].

On the other hand, the disadvantages reported were:
imperfect anatomical reduction, worst stability in fractures
with more than two fragments, rotator cuff lesion, increased
exposure to X-ray and subacromial impingement due to nail
protrusion.

A systematic review performed by Wong et al. in 2015
[40] studied the outcome in 448 patients diagnosed with
humeral head fracture treated with intramedullary nail. The
mean age was 64.3 years, and the mean Constant score was
72.8 and was significantly higher in 2- and 3-part fractures.
The reoperation rate for 2-, 3- and 4-part fractures was 13.6,
17.4 and 63.2%, respectively; therefore, the authors do not
recommend the use of intramedullary nail in 4-part fractures.

The comparison between the intramedullary nailing and
the ORIF with plate and screws in proximal humeral frac-
tures still remains controversial.

Wang et al. [41] in 2015 carried out a meta-analysis using
two randomized controlled trials, two prospective and four
retrospective studies, showing that nailing and plating are
both valuable options for 2-, 3- and 4-part fractures.

Zhu et al. [38] performed a prospective randomized study
that compared locking intramedullary nails and locking
plates in the treatment of 2-part fractures.

The locking nail group had a significantly lower compli-
cation rate compared to the locking plate group; and after
three years, no significant difference was found between
the locking nail and locking plate groups in terms of ASES
score, Constant score and strength of the supraspinatus
muscle.

Baltov et al. [42] and Owsley et al. [43] showed that both
intramedullary nail and plate and screws fixation have high
rate of complications.

Blum et al. [44] described, in a multicenter study, 48
complications in 113 patients treated by intramedullary nail;
63% of these complications were surgery related, and this
study revealed that in the majority of cases a weak operative
technique was responsible for treatment failure.

Two of the main problems reported after humeral
intramedullary nailing are the poor range of movement due
to rotator cuff lesions in entrance point of the nail and subac-
romial impingement caused by a nail not correctly inserted.

As aforementioned, there are no significant differ-
ences between plate and nail in proximal humeral frac-
ture, whereas with humeral shaft fractures several studies
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carried out between 2006 and 2015 demonstrated the supe-
riority of plate fixation on intramedullary nailing.

As Bhandari et al. [45] explained in 2006 with lack of
cumulative evidence, Zhao et al. [46] demonstrated that
plate is the gold standard in humeral shaft fractures. They
did not find differences between nail and plate in terms
of fracture union, radial nerve injury and infection, but
intramedullary nail increased the risk of shoulder compli-
cations (shoulder impingement and restriction of move-
ments) and reoperation.

In our experience, the difference between the results in
proximal humerus fracture and humeral shaft is unclear. The
presence of a cuff tear associated with a proximal humeral
fracture occurred more frequently in complex fractures and
in older patients, and it seems to decrease functional out-
come and even improve skeletal deterioration [47, 48].

The debate concerning the lesion after the splitting of the
supraspinatus muscle, used to introduce the intramedullary
nail, remains open.

Gierer et al. [49] conducted a study on 15 patients affected
by proximal humeral fractures; they used the orthogonal
polarization spectral imaging technique to evaluate the vas-
cular perfusion of the supraspinatus tendon and they found
that, after the humeral nailing, the functional capillary den-
sity was reduced by about half; this effect seems to be tran-
sitional, but the authors recommended a careful tendon split.

Verdano et al. [50] demonstrated with ultrasonographic
studies that anterolateral approach for humeral nailing did
not cause significant alteration to the rotator cuff and did not
affect long-term outcomes.

Gracitelli et al. [51] found, with ultrasound evaluation,
32% of partial and 13% of full thickness cuff tears in patients
treated with antegrade nail for proximal humerus fractures;
nevertheless, cuff tears detected did not affect clinical
outcomes.

The strength of our study was to analyze our experience
and the current literature; nevertheless, it has several limi-
tations: The small sample size and the absence of a control
group randomized did not allow a statistical analysis.

Conclusions

The results of this study suggest that antegrade short
intramedullary nail is a valid treatment for patients affected
by proximal humeral fractures 1-1-A2, 1-1-A3, 1-1-B1, 1-1-
B2 according to AO classification, and 2- and 3-part accord-
ing to Neer classification.

This device allows minimally invasive procedures, early
shoulder mobilization and good outcome. Complications are
frequent, but the majority of those are avoidable if a correct
indication and a good surgical technique are used.

@ Springer
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