International Orthopaedics (2020) 44:1785-1795
https://doi.org/10.1007/500264-020-04544-7

REVIEW ARTICLE

®

Check for
updates

The plate fixation strategy of complex proximal humeral fractures
Qi Sun’ - Xiaoming Wu? - Lei Wang? - Ming Cai’

Received: 20 February 2020 / Accepted: 18 March 2020 / Published online: 13 June 2020
© SICOT aisbl 2020

Abstract

Purpose For complex proximal humeral fractures, severe displacement and comminuted fragments lead to poor clinical out-
comes. Despite considerable management, the locking plate fixation is still a preference and the proper selection of its strategy for
each individual seems to be essential.

Method The available classification system of the fracture, determination of surgical intervention, the common complications
and related causes, and the latest critical surgical strategies with locking plate fixation were discussed in this review.

Results The frequent complications with complex proximal humeral fractures after operative treatment present a great challenge
to orthopedic surgeons. In order to maintain the stability of locking plate fixation, several options including calcar screw, bone
graft, bone cement augmentation, dual plate fixation, and fracture impaction were available for restoration of medial support.
Conclusion Restoration of medial support seems of importance to provide solid stability and reduced complication for the

complex fractures with fixation of locking plates.

Keywords Proximal humeral fractures - Plate fixation - Medial support

Introduction

Proximal humeral fractures (PHF) are seen most commonly in
aged population, accounting for 4 to 9% of all fractures in
adults [1]. The overall incidence considerably increased in
the elderly population, particularly in the elderly over 65 years
old [2]. The incidence of complex fractures types is usually
positively associated with increasing age. The mechanism of
PHF is largely attributed to low-energy fall, especially in the
elderly population [3]. That is partly due to the decreased bone
quality and mobility of the elderly.
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The majority of PHF are either nondisplaced or minimally
displaced, which are usually treated with conservative man-
agement [4, 5]. Various surgical techniques of open or closed
reduction and internal fixation were applied for displaced and
unstable PHF. Compared with conservative management, sur-
gical treatment of displaced unstable fractures yields relatively
satisfactory clinical results, especially for functionally active
patients. The surgical treatment of PHF is expected to up to
20%, due to potential complications with conservative treat-
ment in an aging population [6].

Currently, the treatment strategy of displaced and unstable
PHF remains demanding. Various operative implants and tech-
niques, such as percutancous pinning, intramedullary nailing,
plating, or shoulder arthroplasty, were described [7-9]. Locking
plate fixation is the standard option with better stability for
displaced fractures of the proximal humerus clinically, although
there is lack of clear superiority among those methods. There is
a trend that surgeons prefer locking plate fixation in patients
with complex fractures of proximal humerus. The locking tech-
niques with plate fixation were developed with various advan-
tages for complex fractures of the proximal humerus, although
several technique-related complications, such as hardware fail-
ure, osteonecrosis, nonunion, malunion, rotator cuff impair-
ment, and impingement, were still reported [10]. The selection
of management strategy may yield different clinical outcomes
in the treatment of complex PHF with locking plates. This
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article aims to review the current management strategy of com-
plex PHF with locking plate fixation. In addition, we also re-
view available classification system, determination of plate
treatment, management strategy, approaches, related complica-
tions, and rehabilitation regime in detail.

Fracture classification

The fracture type classification is of importance for the determi-
nation of appropriate treatment. Currently, there is not well-
received fracture classification with entirely satisfactory guid-
ance for treatment and prediction of outcome. The available
classification systems were always associated with poor intra-
observer and inter-observer reliability [11, 12]. In 1934,
Codman defined the proximal humerus into four parts for frac-
ture classification: the humeral head; the lesser tuberosity; the
greater tuberosity; and the humeral shaft. Since then, several
fracture type classifications were described for PHF [13, 14].

The Neer classification [13] is most widely used in the clas-
sification of the PHF. The displacement but the fracture line was
emphasized in terms of Neer classification. The fracture displace-
ment is defined as over 45 of angulation between fragment and at
least 1 cm of displacement of fragments. Siebenrock et al. [12]
reported that the Neer classification system seems to be slightly
more useful than others in guidance of clinical treatment. Base on
the potential risk of ischemia of proximal humerus and the se-
verity of the fractures, including fracture location, dislocation,
and status of the surgical neck, the AO classification was devel-
oped. The AO classification includes a total of 27 subgroups,
indicating its complexity. Recently, Herbert et al. [14] published
a new fracture type classification named pathomorpologic clas-
sification, based on the pathomorphologic analysis of these frac-
tures. The relative position of head and shaft fragment is the
determinant for main classification criterion. A radiology study
reported that the pathomorphologic classification achieved a
higher reliability than the Neer classification [15]. Recently,
Articular, Surgical neck, Tuberosities (AST) classification de-
scribed by Christian et al. [16], fracture line morphology of com-
plex PHF described by Afsana et al. [17], and HGLS system
described by Atul et al. [18] were developed for classification
of PHF; their efficacy and need further validation. Familiarity
with anatomy and pathomechanics of the proximal humerus
helps understand the PHF. In a short summary, the fracture type
classifications are still an important factor for the determination
of intervention and prediction of clinical outcomes.

The determination of surgical intervention
The indications for treatment of PHF remain controversial. A

previous treatment algorithm is emphasized on fracture clas-
sification based on radiographs, but the poor intra-observer

@ Springer

reliability and relationship with clinical outcomes make less
emphasis on them [11, 12]. The trend of determination of
surgical intervention is moving to patients’ characteristics
and expectation, considering the requirement of mobility and
quality of life. Prior to moving forward to treatment, it is
critical to assess advantages and disadvantage of each surgical
strategy and influence factors. The severity of the fractures,
bone quality, the integrity of rotator cuff, damage to adjacent
structure, blood supply, and patient’s comorbidities should be
evaluated before surgery.

Most of PHF were minimally displaced; these fractures can
be treated with conservative management. The severe
displaced fractures still need surgical intervention. Operative
interventions improve fragment alignment by achievement of
a more anatomical reduction and allow early mobility by pro-
viding better stability during healing period. In general, for
displaced two-part surgical neck fractures, percutaneous wir-
ing, intramedullary nailing, plating are commonly used and
achieve efficient functional outcomes. Screwing or wiring
perpendicular to the fracture plane or suturing is
recommending in the treatment of two-part tuberosity frac-
tures [19]. Although intramedullary nail is reported in fixation
of two-part, three-part, and four-part fractures, the most fre-
quent condition for intramedullary nail is the two-part surgical
neck fractures. The locking plate system is usually an option
for complex fracture with considerable advantage of angle
stability, rigid fixation of fragment, stable fixation, and early
functional exercises [19, 20]. The locking plates were widely
used for the treatment of PHF, especially in patient with poor
bone quality. For severe fractures with potential avascular
necrosis, difficulty in restoration of proper functional anatomy
due to comminuted fractures, arthroplasty, is a viable option
as a stabilizing treatment [21].

Critical factor for treatment

Bone mineral density One critical reason of fixation failure
may be attributed to bone quality, especially osteoporotic
bone in the elderly. Some studies reported that there was a
direct relationship between bone mineral density (BMD) and
mechanical stability in the proximal humerus, and the distri-
bution of local BMD individually varies within the humeral
head [22, 23]. Consistently, the medial, dorsal, and proximal
aspects of proximal humeral have a higher BMD and bone
strength than the remaining regions [24]. The screws of stan-
dard implants may not usually reach the high BMD region to
enable the best bone purchase in the humeral head. Meyer
et al. claimed that it is the local BMD and aging not surgical
technique or initial displacement or angulation that have a
significant effect on the fixation failure [25]. A mechanical
assessment investigated whether DensiProve predicted the
failure of the PHF where increasing cyclic mechanical loading
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until fixation failure was performed [26]. These data showed
BMD significantly correlated with cycles with failure. The
measurement of local bone quality provides valuable informa-
tion, which partially make it suitable for surgeon to take mea-
sures to improve fixation stability.

Fracture head ischaemia The anterolateral branch of the ante-
rior circumflex artery is the main blood supply of the proximal
humerus while only the posterior portion of the greater tuber-
osity and part of the humeral head were perfused by the pos-
terior circumflex artery. The blood supply of the proximal
head after injury and whether revascularization occurred is a
critical factor of avascular necrosis (AVN) of the head frag-
ment [27]. The development of necrosis of the post-fracture
humeral head is independent of initial ischaemia, which is
partially due to quick revascularization or creeping substitu-
tion [27]. Indeed, Hertal et al. [28] developed a method of
prediction of humeral head ischaemia after intracapsular frac-
ture of the proximal humerus. The length of posteromedial
metaphyseal extension (calcar) and the integrity the medial
hinge are the most relevant predictors of ischaemia after
intracapsular fracture of the proximal humerus. The length
of posteromedial metaphyseal extension is relatively negative
with the severity of ischemia of proximal humeral head [28].

Medial support Maintaining fracture fixation is the major
challenge in the treatment of the complex PHF [29]. Several
studies confirmed that the lack of proper anatomic reduction is
the strongest predictor of the implant failure, especially in
osteoporotic bone [29-31]. Varus malreduction lead to in-
creased varus torque and high stress at the tip of the locking
screws or pins due to altered arm lever of the rotator cuff [31].
The lack of medial column support may exaggerate these
forces. Generally, patients with type C fractures, four part
fracture, and/or medial calcar disruption were vulnerable to
the varus collapse [32]. Several strategies that may improve
the mechanical stability are under the control of surgeons. A
medial cortical buttress or achieving mechanical support of
the inferomedial region of the proximal humerus counteracts
these forces, which seems to be of importance for maintaining
fracture reduction [30, 33].

Medial support strategies of PHF

Generally, locking plates alone are unable to provide effective
stability of the humeral head from the lateral position [34].
Complex PHF usually challenged the reduction and stability
of the osteosynthesis, especially complicated with
metaphyseal extension or comminution [31, 33]. In complex
PHF, a large metaphyseal defect of the proximal humerus
compromised the medial cortical support. Restoration of me-
dial cortical support is usually required to achieve better

stability. Currently, there were commonly the four type
methods of medial support restoration.

Locking plate with inferomedial calcar screw The locking
plate combined with inferomedial calcar screw support maybe
the most commonly used method of medial support for PHF
(Fig. 1). The inferomedial calcar screw was introduced to the
cancellous bone of the humeral head close to the calcar region.
A better stability was achieved by the combination of locking
plate fixation and additional inferomedial calcar screws when
medial support is deficient, which is verified by lining biome-
chanical evidence [35, 36]. Nevertheless, the combination of
locking plate and inferomedial calcar screw may be not a good
option in severe comminuted PHF. A retrospective study il-
lustrated that treatment with locking plate fixation and fibular
allograft augmentation achieved significantly greater shoulder
functional score than the combination of locking plate fixation
and inferomedial screw in patients with four part PHF, partial-
ly because of better medial support [37]. For a better stability
of medial support, an additional inferomedial calcar screw
should be combined with other method of restoration of me-
dial support, especially in severe comminuted PHF and in
patients of low-quality bone.

Bone graft augmentation Bone allograft is a well-received
method of structural augmentation of unstable PHF. Gardner
et al. [38] firstly introduced a segment of fibula allograft end-
osteally to aid reduction and restoration of medial support of
the proximal humerus with comminuted medial column.
Panchal et al. [39] reported that 26 patients (72.2%) patients
with unstable PHF were evaluated as good or excellent of
UCLA rating scale and achieved good humerus neck-shaft
angle after treatment with a locking plate and fibular strut
allograft at two years of follow-up. There were only two case
of avascular necrosis of the humeral head and varus collapse
in the case series. In addition, iliac crest bone autologous graft
was adopted for additional medial support in unstable
displaced PHF [40]. A randomized controlled trial compared
the clinical and radiographic outcomes of locking plate and
the combination of locking plate and iliac crest bone graft in
the treatment of comminuted PHF. The combination applica-
tion contributed to better fracture healing clinically and radio-
graphically without severe complications in all 18 patients.
Two patients underwent total shoulder replacement due to
nonunion in the locking plate group. Notably, the allograft
was suggested to be placed maximally near the medial calcar
to have a direct reduction of the medial column and inserted
into the subchondral bone of the humeral head to lift it supe-
riorly [39]. The biomechanical analysis of cadavers [41]
proved the superior advantages of additional bone graft to
locking plate. Bone graft with locking plate increased stiffness
and load of varus failure with a direct medial support but not
an anti-rotation stability.
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Fig. 1 Locking plate fixation
with an inferomedial calcar screw
for proximal humeral fracture. a
The pre-operative antero-posteri-
or X-ray of a 62-year-old healthy
male patient shows a 3-part prox-
imal humeral fracture. b The pre-
operative antero-posterior X-ray
of the proximal humeral fracture
fixed with locking plate and an
inferomedial calcar screw

Bone cement augmentation Augmentation of bone cement
shares a similar principle with bone graft in restoration of medial
support of PHF (Fig. 2). But bone cement provides additional
screw augmentation to improve primary stability [42, 43].
Comminuted PHF usually occur in aged patients with osteopo-
rosis. The low bone density usually fails to provide stable an-
chorage for plate and screws, because of shear force at the bone
implant interface. There is usually a bone defect after reduction

Fig. 2 Locking plate fixation
with an inferomedial calcar screw
and cement augmentation for
proximal humeral fracture. a The
pre-operative antero-posterior X-
ray of proximal humeral fracture
with a 55-year-old healthy male
patient. b The pre-operative
antero-posterior X-ray
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of PHF due to impaction-induced cancellous bone compression,
then bone cement is an alternative for augmentation and fulfill of
cavity. Therefore, it was critical to inject enough bone cement to
fulfill the cavity and to the right position to ensure inferomedial
screw augmentation, based on which medial support can be
further augmented. The locking plate with cement contributed
to significantly better biomechanical stability than locking plate
alone, which was verified by lining biomechanical studies [44].
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A retrospective case series analyzed the locking plate in con-
junction with calcium sulfate augmentation in the treatment PHF
and fracture dislocation; 18 out of 22 cases achieved good clin-
ical outcomes [45]. The major concern about bone cement may
be attributed to necrosis induced by exothermic reaction.
Although the bone cement induced by temperature theoretically
did not reach the threshold for osteonecrosis and apoptosis of
cartilage and subchondral bone, surgeons still need to pay atten-
tion to that. Another concern is the leakage of bone cement,
resulting in subsequent complication. The medial calcar should
be well reduced before injection of bone cement to minimize the
possibility of leakage. If satisfactory reduction of medial calcar
cannot be reached, bone cement needs to be injected slowly and
smoothly under the fluoroscopy, and the needle tip of the sy-
ringe should be placed far away from medial calcar.

Dual plate fixation

Regarding severe complex PHF, conventional locking plates
with or without a calcar screw fail to achieve efficient mechan-
ical stability from lateral tension band position, which usually
induced higher risk of implant failure and subsequent varus
collapse and bone nonunion. Therefore, hybrid double plate is
described to be another alternative. The double plates that
were intended to restore medial support of the proximal hu-
merus were developed.

Lateral and anterior plates The double plates were firstly re-
port by Wanner et al. [46], displaced two-part, three-part, or
four-part PHF were treated by two one-third tubular plates on
the anterior and lateral aspects of the proximal humerus. In the
series of 71 patients, 63% patients achieved a good or very
good clinical outcome, based on their self-design protocol
[46]. Combined application of a monoaxial locking plated
and a third tubular plate were introduced in a pilot study of
seven patients and yielded a constant score of 80 points one
year after injury [47]. A biomechanical study compared the
hybrid double-plate osteosynthesis with calcar screw to test
whether there is a superior method [48]. The hybrid method
consists of locking plate and an additive one-third tube plate in
the bicipital groove region achieved similar rigid and robust
effect to calcar screw. Although the hybrid double plate
osteosynthesis tended to confer higher stiffness than the me-
dial support screws at higher cycles, no statistical significance
was detected between hybrid plate and calcar screw. The ad-
ditional anterior plate may contribute to a higher mechanical
stability when PHF come with comminution of medial col-
umn (Fig. 3a).

Lateral and posterior plates Choi et al. [49] developed a dual
plate fixation technique for the treatment of multi-fragmentary
PHF (Fig. 3b). The combination of low-profile locking plate

and polyaxially locking distal radial plate theoretically directly
provides a rigid and strong two column stability. In this mod-
el, the distal radius plate was anticipated to not only prevent
varus collapse of the humeral head but also maintain anterior-
posterior angulation of the humeral head from posterior
aspect.

Lateral and medial plates Theoretically, the combination of
lateral locking plate and medial locking plate provides
direct medial support and anti-rotational stability relative
to the combination of lateral and dorsal locking plates
(Fig. 3c). A finite element analysis conducted by He
et al. [50] compared the biomechanical stability among a
locking plate, a locking plate with an intramedullary fib-
ular graft, and a locking plate with medial distal radius
plate in the treatment of PHF without medial support. The
data demonstrated that the combined application of lateral
locking plate and medial locking plate contributed to sig-
nificantly greater and regional construct stiffness and de-
creased stress on lateral locking plate. Sam-Guk Park
et al. [51] performed two cases of combination fixation
of PHF with lateral plate with an additional medial plate
in osteoporotic aging people. The medial locking plate
was applied when the locking plate cannot provide suffi-
cient stability of comminuted PHF and anterior circumflex
humeral arteries were compromised after fracture. The
clinical data showed that the fixation allows immediate
exercise after surgery and patients achieved a satisfactory
outcome without inclination of the humeral neck and
osteonecrosis of the humeral head.

Fracture impaction In addition to the above method, fracture
impaction and shaft medialization with locking plate fixation
was described to restore the integrity of the medial support
(Fig. 4). In this method, the humeral shaft was medially trans-
lated and impacted to into the humeral head to achieve medial
buttress [52]. A biomechanical cadaveric study compared the
biomechanical stability of fracture impaction with
nonaugmented plate fixation for PHF with medial communi-
cation [52]. None of augmented constructs with fracture im-
paction failed whereas five of six (83.3%) of nonaugmented
constructs collapsed before the peak loading, revealing that
the additional fracture impaction has a superior ability to resist
repetitive varus loading to locking plate fixation alone.
Another study used numerical methods to compare the bio-
mechanical effect of PHF fixed by fracture impaction with
locking plate or intramedullary nail [53]. The data demonstrat-
ed that the impaction with locking plate or intramedullary nail
increased fixation stability and decreased peak stress by shar-
ing loading with implant when all loading concentrated on
nonimpacted model, despite the normal bone quality or poor
bone quality. Compared with other methods of restoring me-
dial support, the unique advantage of fraction impaction is free
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Fig. 3 Schematic diagram of
proximal humeral fracture fixed
with dual plates. a Combination
of lateral and anterior plates; b
combination of lateral and
posterior plates; ¢ combination of
lateral and medial plates

of an allograft or bone cement and subsequent reduction of
expense. Additionally, treatment with fracture impaction
shortens surgical time and avoids further surgical injury due
to additional procedure. However, fracture impaction inevita-
bly shortens the length of the humerus, subsequently altering
the torque of the surrounding muscle, especially the deltoid,
and the mobility of extremity of the injured side maybe affect-
ed. Therefore, in order to avoid severe affected outcome, the
altered length of the humerus should not exceed 2 cm after
fracture impaction [52]. Notably, a clinical study about PHF
treated with fracture impaction remains unreported; thus, the
fracture impaction with locking plate may need to be further
explored.

Fig. 4 Schematic diagram of proximal humeral fracture fixed with

locking locking plate and fracture impaction

@ Springer

Complications

Despite development of modern plates and techniques, the
incidence of complications remains at a relative high level.
The incidence of complications varied from 17.8 to 35.7%
[20, 54], and the revision rate is reported to up to 25%.
Generally, most complications occurred within 3 months post-
operatively, but a minimum of two years of follow-up may be
appropriate to monitor the vitality of the proximal head.

Varus collapse Varus collapse was one of the most post-
operative complications. Varus collapse was frequent and
commonly followed by secondary screw penetration and sec-
ondary subacromial impingement. Varus collapse leads to a
limited range of shoulder motion, especially in active forward
elevation and abduction. Varus collapse of the head fragment
with an incidence of 16.3% was reported as the most common
complication. The insufficient restoration of medial support
might be responsible for varus collapse. As a result, an in-
creasing number of surgeons paid special attention to restore
medial support by kinds of methods like above described,
which contributed to significantly reduced varus collapse.
Additionally, Voigt et al. [55] showed the decreased rate of
varus collapse with polyaxial plate relative to monoaxial plate,
because of more options for inferomedial screw polyaxial
plates. Additionally, Schliemann et al. [56] believed that the
plate with similar elastic modulus to bone may induce a lower
rate of varus collapse.

Intra-articular perforation Intra-articular perforation of the
head screws maybe the most frequent implant-related compli-
cations with rates ranging from 0 to 23% [57]. The screw
penetration can be divided into primary and secondary screw
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penetration. The primary screw penetration was referred as a
screw into glenohumeral joint during surgery, which is iatro-
genic injury. The routine application of fluoroscopy in three
planes is recommended to minimize the incidence of primary
screw penetrations. The second screw penetration was re-
ferred as screw violence into glenohumeral joint due to the
collapse of the humeral head. Several studies recommended to
place the screw away from subchondral bone, ranging from 2—
3 mm to 5-10 mm, and a subsequent incidence of intra-
articular screw penetration decreased significantly [58, 59].
The restoration of medial support, such as intramedullary graft
and calcium phosphate cement augmentation, also effectively
decreased the incidence of secondary screw penetration. Both
primary and secondary screw penetrations were the main
cause of glenoid destruction.

Subacromial impingement Subacromial impingement was re-
ported at a rate around 4.8%, which were mainly caused by a
poor position of lateral plate, malunion of the greater tuberos-
ity, or the sequelae of varus collapse of the humeral head [60].
Therefore, a special attention should be paid on satisfactory
position of plate and prevention of varus deformity to reduce
this complication. Konrad et al. [61] reported five cases in the
setting of 270 patients; the superior placement of plate leads to
impingement; removal of the plate might be required if the
symptom of subacromial impingement was severe. Taking the
shoulder through a full range of motion arc before closing the
wound was critical to detect any symptoms of impingement.
Ricchetti et al. [62] proposed that the plate placed 15-20 mm
beneath the tip of the greater tuberosity may be helpful to
avoid impingement.

AVN AVN is a problematic complication with PHF historical-
ly, with a rate of 4.4-10.8% [63, 64]. The compromising
blood supply to the humeral head is responsible for AVN,
and the integrity of the medial hinge, length of the
dorsomedial metaphyseal extension, and fracture types were
essential to predict the AVN. The deltoid splitting or minimal-
ly invasive approaches have been attempted to preserve the
blood supply via less disruption of adjacent soft tissue.
Notably, Fjalestad et al. [65] illustrated a higher rate of AVN
with non-operative treatment than operative treatment in pa-
tients with displaced 3- and 4-part PHF. However, a one year
follow-up study compared the deltoid splitting and
deltopectoral approaches and showed no significantly differ-
ence in the rate of AVN [66]. A long-term follow-up study
with over a mean follow-up of 2.5 years reported a lower rate
of AVN in patients treated with minimally invasive deltoid
splitting approach compared with the conventional
deltopectoral approach [67].

Nonunion Nonunion, as an uncommon complication during
PHF, often causes severe shoulder pain and dysfunction. The

complications were mainly induced by over-aggressive shoul-
der rehabilitation, inadequate fixation of fracture, and poor
patient compliance. In addition, the fracture nonunion is asso-
ciated with patients’ comorbidities, like osteoporosis, mental
illness, and alcoholism.

Salvage treatment

Fracture malunion, nonunion, infection, iatrogenic destruc-
tion, the occurrence of avascular necrosis of the humeral head,
and loss of plate fixation are not rare complications during an
operative treatment, which is mainly caused by severe com-
munication of the fractures, poor surgical technique, or oste-
oporosis. All of the above complications lead to malfunction
of the shoulder and inevitable shoulder pain. Few effective
options are available for orthopaedic surgeons when plate fix-
ation fails during surgery or post-operative. Removal and re-
vision of the fixation, capsular release and arthrolysis, and
conversion to shoulder arthroplasty can be an alternative as
salvage treatment.

For patients with shoulder stiffness who achieved a satis-
factory fracture union, capsular release under anaesthesia or
arthroscopic arthrolysis could be a good strategy for restora-
tion of shoulder function and satisfactory range of motion.
When patients were complicated with implant-related infec-
tion, removal of implant, and debridement and irrigation of
infection were essential before further intervention including
re-fixation or shoulder arthroplasty. Primary revision is re-
quired when the occurrence of malreduction and subsequent
malunion, mostly in the greater tuberosity and the humeral
head, because of severely affected shoulder function and neg-
ative effect on patients’ routine activity. Another common
fixation failure is secondary screw cut out due to the reduction
of fracture fragment, which leads to the subsequent removal of
screw. Comes with primary or secondary screw cut out, which
commonly followed by glenoid destruction.

For complex PHF, in which function reduction and fixation
cannot be achieved by locking plate, because of malunion and
nonunion, more than 50% of humeral head was involved in
impaction; a severe displacement of fracture due to loss of
reduction and a resultant damage to blood supply to the hu-
meral head were observed [68]; hemiarthroplasty (HA) is a
viable and stabilizing treatment, especially in aged patients
with low bone stock [21]. Reverse shoulder arthroplasty
(RSA) is an ideal candidate when patients are with late symp-
tomatic complication of existing impaired shoulder rotator
cuff, clinically significant osteoarthritis, or fracture nonunion.
Moreover, RSA demonstrated a promising result as secondary
intervention following failure of open reduction and internal
fixation [69]. Compared with HA, RSA is independent with
the tuberosity healing, and RSA can be selected as the final
solution when other revision strategies cannot be
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Proximal humeral fractures

‘ Unstable or diaplaced fractures |

High risk of AVN, Severe comminuted fractures|
severe impaited rotator cuff;
concomitant significant osteoarthritis

YES

No

Nondiaplaced and
stable fractures

Unimpaired medial support

Impaired medial support

Severity: low ——— high

Shoulder
arthroplasty

Conventional Surgical| | Inferomedial support
intervention screw

bone graft or bone
cement augmentation

Conservative
management

The impaction of
humeral head

Dual plates
fixation

Fig. 5 The summarized flowchart of treatment for proximal humeral fractures.

appropriately performed, such as patients with poor bone
quality and without intact rotator cuff.

Rehabilitation strategy

Physiotherapeutic intervention and rehabilitation regimen of
shoulder after plate fixation remained inconsistent currently.
The Neer-described rehabilitation regime is the mostly accept-
ed clinically [70]. The passive exercises are initiated with an
injured arm immobilized by a shoulder bandage during the
first three weeks after surgery. The active exercise of the
shoulder can be started with a sling immobilization during
the following three weeks. Before the union of the greater
tuberosity, active elevation over the shoulder should be
avoided and the exercise began nine weeks after surgery at
least. A time point of 12 weeks after surgery is for the start of a
passive stretching and weighted exercise. It should be noted
that the post-operative rehabilitation following plate fixation
of PHF should be established and modified by the responsible
surgeon based on the previously reported rehabilitation re-
gimes and the evaluation of patient’s individual condition.

@ Springer

Regarding the rehabilitation regime establishment, all condi-
tions including the bone quality, fracture type, patient’s co-
morbidities, patient’s requirement of shoulder function, age,
and radiological results during follow-up should be taken into
consideration.

In summary

Currently, restoration of medial support for prevention of
complications is well received by surgeons clinically. The
locking plate is still a preference of orthopaedic surgeons.
For effectively maintaining mechanical stability of com-
plex PHF, one or more methods of medial support with
locking plate are expected, taking BMD, potential ischae-
mia of the head fragment, and other factors into consider-
ation. The algorithm of the selection of medial support
combined with locking plate in the treatment of PHF was
summarized (Fig. 5), and the determination of treatment is
also dependent on patients’ characteristics and expectation.
Subsequently, patients with locking plate fixation of com-
plex PHF should follow the rehabilitation protocol to
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achieve a satisfactory clinical outcome, and the surgeon
should be responsible for the modification of the rehabili-
tation regime. For severe complication occurrence of com-
plex PHF after plate fixation, such as avascular necrosis,
malunion or nonunion compromising normal shoulder
function, and other joint incongruity, shoulder arthroplasty
may be an effective salvage method.
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