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SuUMMARY

Objective. Proximal humeral fractures are among the most frequent fracture in the adult
and their treatment is controversial.

The purpose of this paper is to present the most common complications in managing prox-
imal humeral fractures, reviewing the literature.

The principal complications are mainly caused by biological elements, but are also related
to iatrogenic factors.

Conclusions. It is very important to provide a correct fracture classification, accurate pa-
tient clinical investigation, and to perform all instrumental procedures required to get a
correct indication in managing proximal humeral fracture. In case of operative treatment,
accurate pre-operatory planning is mandatory. Moreover, the surgeon must consider the
feasible intra-operatory complications, such as the possibility to convert an open reduction
and internal fixation to a total arthroplasty.

In our opinion, the arthroplasty system should be available in every operating theater.

Key words: humeral fracture complications, proximal humerus fractures, osteonecrosis,
nonunion

Introduction

Proximal humeral fractures (PHF) represent approximately 6% of all adult frac-
tures ! and are among the three most common fracture seen in elderly patients 2as
‘fragility fractures’. Their incidence has progressively increased because of aging
population *3. Approximately 70% of these fractures occur in patients over 60 years
of age, with the highest reported incidence among individuals with 80 years or
more °.

PHF generally occur in elderly women, with nearly 90% happening as a result of
low energy fall 7 because of decreased bone density mass. Younger patients gener-
ally sustain PHF after high-energy trauma, and account for the remaining fractures
of this type 8.

Almost 75% of PHF can be treated nonoperatively with good functional results as
nearly 50% are nondisplaced or Neer one-part fractures 7. However, the treatment
for the remaining part of PHF is still controversial *!°. In fact, while operative treat-
ment (with open reduction and internal fixation ORIF) is generally recommended
for displaced fractures in young and active patients even if older than 60 years 7, the
appropriate treatment in the elderly population is still debated.

In literature there is no significant difference between operative and nonoperative
treatment in terms of clinical outcomes. The PROFHER trial recently demonstrated
that surgery was not superior to non-operative treatment in managing displaced
proximal humeral fractures .



Moreover, in recent randomized trials '>!*, nonoperative treat-
ment has been compared with ORIF for treatment of three-part
fractures and with hemiarthroplasty for the treatment of four-
part fractures. Although there have been some substantial im-
provements in operative treatment, the clinical importance of
these enhancement is debatable.

This is caused by significant morbidity and high complication
rates associated with this condition that mainly regards the
most complex pattern of fractures. Moreover, the complication
rate of PHF is 22.1% (range 0-79%) '.

The main complications are consequent to incorrect indication
of conservative/operative treatment, avascular necrosis of the
humeral head (13%) caused by mechanical and biological fail-
ure 577 inappropriate surgical technique (40%) %, infections
(1-4.5%) %120 nonunion, malunion systemic conditions such
as pulmonary embolism (5%) %!, and multifactorial failures
such as further trauma.

The failure rate considerably increased with the number of
risk factors. The failure rate was 71.4% in patients with 4 risk
factors, and 85.7% patients with 3 risk factors. The following
parameters were found to have a significant influence in the
failure rate: age, anatomic reduction and restoration of medial
cortical support.

The aim of the present paper is to present the principal compli-
cations in operative and nonoperative PHF treatment, reporting
our experience and reviewing the literature .

Complications

Incorrect indication of conservative/operative treatment
The correct indication in PHF is related to type of fracture,
type of patient, status of the patient, and patient’s expectation
of functional recovery. The surgeon’s task is consider all these
aspects to recommend the best personalized treatment, indi-
vidualized for each patient. On occasion, a fixation device is
unsuitable for a specific fracture pattern (Fig. 1A-D).

Avascular necrosis of the humeral head

Avascular necrosis of humeral head (AVNHH) is often asso-
ciated with a complex pattern of proximal humeral fractures
(type III, IV according to Neer’s Classification).

Hertel et al. » retain that the AVNHH rate on PHF is linked
to the postero-medial metaphyseal extension, residual medial
hinge integrity, humeral head rotation, greater tuberosity dislo-
cation over 8-10 mm, humeral head split fractures, and amount
of fracture fragments.

However, the main critical aspect is medial calcar integrity.
Several studies reveal the influence of this in humeral head
blood supply, especially in four-part fractures .

In addition, a head-shaft displacement > 4 mm was found to be
associated with a significantly higher rate of AVNHH, proba-
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bly as a result of displacement-induced periosteum (and ves-
sels) stripping around the anatomical neck 2.

AVNHH is the main complication in patients undergoing ORIF
surgical technique * and can have both early (6 month after
trauma) and late onset ’.

Recently, it has been demonstrated that risks factors like al-
cohol ingestion, and age and time to surgery had no influence
on the AVNHH rate, while a significant association was found
with smoking ?’. Moreover, AVNHH affects typically older pa-
tients who showed a higher rate of screw cutout with intraar-
ticular transmigration, associated with nonunion. Even if the
incidence of avascular necrosis varies from 0-68% in litera-
ture %, a recent paper indicated an AVNHH rate of 16.2% 7.
The surgical treatment of choice in this setting is shoulder ar-
throplasty .

Biological failure/nonunion

Biological factors are related to poor bone stock, a very com-
mon state in elderly patients or in osteoporotic disease 7. More-
over, other elements are critical such as medial hinge interrup-
tion and fragmentation.

Osteoporosis does not allow a suitable grip of mechanical
screws. Moreover, it can lead to excessive difference in stiff-
ness between the plate itself and bone that collapses causing
fixation system failure.

Medial hinge fragmentation can implicate varus deformity
and failure osteosynthesis with mobilization or breaking plate.
Moreover, a multi-fragmentary fracture should be treated with
care in order to preserve vascular supply and avoid fragment
devascularization (Fig. 2).

Mechanical failure/nonunion

Mechanical failures are usually related to incorrect fracture
reduction, wrong plate positioning, loss of fracture reduction,
and incorrect managing of fixation device.

The prevalence of humeral head malunion and non-union is be-
tween 1.7 and 13%, depending on the fracture type 52628, A re-
cent study found a non-union rate of 13% . Although several
factors such as severe displacement, soft-tissue interposition,
early mobilization and poor anatomical reduction have been
suggested to promote non-union, it seems to remain a multifac-
torial problem ?2*!, Some risk factors such as age, female sex,
smoking, and osteoporosis causing loss of fixation have been
described in the literature 232,

Fracture reduction must be controlled both in antero-posterior
and oblique X-ray views. It is fundamental to avoid varus de-
formity, the gap between fractures fragments, and to achieve
anatomical fracture reduction. Wrong positioning of the fixa-
tion device often leads to incorrect fracture reduction. In ORIF
fixation, the length of screws is crucial. In fact, to obtain a suit-
able grip they must arrive at subchondral bone without over-
stepping the articular surface.
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Figure 1. A) Women of 73 y/o reporting a multi-fragmentary proximal humerus fracture; B) post-operatory x-rays:
ORIF with inadequate fracture reduction of head displacement and medial cortex; C) X-rays at 8 months after sur-
gery show nonunion with initial necrosis of the humeral head; D) Indication to total shoulder arthroplasty.

Figure 2. A,B) Female of 67 y/o with a proximal humerus fracture; C) ORIF technique incomplete medial cortical re-
duction and loss bone stock; D) 7 months after treatment: fracture nonunion, due probably to excessive construct
stiffness (there are too much screw in the proximal site of the fracture).

It is also important to implant a plate of proper length. One
of the main problems in metadiaphyseal fracture is related to
screw diameter, which is 3.5 mm in all plate systems.
Sometimes in metadiaphyseal or bifocal fracture of the humer-
us this screw diameter will not have a valid grip *.

Regarding other fixation devices: humeral nail system must be
locked distally to avoid fracture fragment collapse and conse-
quent loss of reduction. External fixation or K-wires do not al-
ways guarantee good fracture stability and acceptable fracture
reduction because of percutaneous access.
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The loss of fracture reduction, often within two months after
surgery, is usually caused by the aforementioned conditions
(Fig. 3).

Inappropriate surgical technique

Risk of complications are often associated with older age, com-
promised bone quality, fracture complexity, loss of reduction,
implant loosening or breakage, and bone ischemia. According
to Konrad et al. ' 40% of complications occur because of in-
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Figure 3. A) Proximal humeral fracture of 91 y/o woman; B) Post-operatory x-rays after Intramedullary nailing; C)
Three months after surgery the patient fall from the stairs and report a nail displacement. Planning was: nail remov-
al and to perform ORIF; D) post-operatory x-rays: after nail removal the fracture appear stable enough. Therefore,
we opted to not proceed with ORIF.

correct surgical technique. Moreover, according to Ruchholtz
et al. 3* the complication rate depends on the level of the sur-
geon’s experience.

Inadequate surgery includes implant malposition, insufficient
(bad) reduction, lack of bony defect filling, and missing tuber-
osity reinsertion.

Implant malposition such as too high plate positioning can
induce impingement and pain. However, a low plate position
can also lead to inadequate head support. In the instance of a
large bony head deficiency, the insufficient or lack of autolo-
gous bone or homologous graft/synthetic graft can cause head
collapse (Fig. 4). Missing tuberosity reinsertion causes a very
important limitation of range of motion.

Infections

Infection is a common complication related to the surgical pro-
cedure. In literature the rate of infection changes from 1.1 to
45% 16,19,20.

A recent paper reported the incidence of acute infection rate
to 4% *.

The authors showed that preoperative skin scrubbing with
chlorhexidine, type of antibiotic prophylaxis (first generation
cephalosporine), and length of surgery most affected the rate of
deep infection. This is also our opinion. On the other hand, age,
comorbidities, concomitant fractures, gender, type of fixation,
and type of reduction (open vs closed) did not significantly af-
fect the rate of infection ** (Fig. 5).

Systemic conditions

Among systemic conditions, pulmonary embolism seems to be
the most common side effect following PHF operative treat-
ment, with an incidence of 5% 2'. No difference in outcomes
between type of surgical treatment has been found after either
ORIF or arthroplasty. Therefore, chemoprophylaxis to prevent
thromboembolic events should be considered in this type of
surgery.

Discussion and conclusions

PHF exhibit a considerable percentage of complications,
caused either by fracture type and complexity or by incorrect
fracture reduction and fixation. Nowadays, in the literature
there is no consensus concerning optimal treatment for PHF,
leading to substantial variation in fracture treatment “'3, There
is now high-quality evidence demonstrating that surgery is not
superior to non-operative treatment in the management of PHF,
while the complication rate and costs associated with surgery
are significantly higher '

Currently, the general recommendation is to treat almost all
fractures (excluding dislocations) nonoperatively for physio-
logically older patients, with ORIF for physiologically young-
er and active patients, and with reverse shoulder arthroplasty
when reconstruction is unable ¥. Personalization of treatment
is key to provide a correct operative or nonoperative indication.
It is mandatory to evaluate the type of patient, age, functional
requirements, general conditions, and associated comorbidity,
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Figure 4. A) 48 y/o young man with proximal humerus fracture, treated with ORIF in other hospital; B) Six months
after trauma, X-ray shows implant displacement; C) A new surgical procedure was performed with ORIF.

Figure 5. A) 83 y/o woman with multi-fragmentary proximal humerus fracture. ORIF in other hospital; B) Post-op-
eratory X-rays 2 month after surgery revealed initial implant mobilization with screw cut-out; C,D) CT scan reveals
in detail the implant and screw mobilization associated with initial humeral head resorption; E) Infection of the
implant at 9 months after surgery; F) Implant removal, toilette, and debridement.

quality of life, the patient’s expectation of functional recov-  is imperative. When the fracture needs to undergo operative
ery, and final outcome. Correct pre-operatory planning of the  treatment, it is very important to choose the right fixation de-
fracture with correct X-ray views and 3D CT reconstruction  vice considering the surgeon’s skills, features of the fixation
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device, and estimation of bone stock status. The objective of
surgical treatment is to achieve the best anatomical reduction
using screws which guarantee good stability and to obtain me-
dial hinge reconstruction.

We believe that in order to avoid major complications it is
mandatory to perform careful instrumental investigation and
proper surgical technique with realization of the surgeon’s lim-
its. Most of complications are related to specific features of
fractures and thus it is suitable to have a prosthesis available in
the operating room.
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