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ABSTRACT

raising his right hand up. He has a history of Keywords: avascular necrosis, proximal
ORIF of the proximal humerus caused by PHF humeral head, reverse total shoulder
two years earlier. The clinical examination arthroplasty, post-internal fixation complication,
showed no swelling in the right shoulder with case report.
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INTRODUCTION

The proximal humeral fractures (PHF), the
most frequent adult and elderly fractures (>64
years old), have increased the incidence and
severity since 2009 and they will triple by the
year 2030.1-3 They represent about 5.7% of
all fracture cases that the PHF account for 50%
of all humerus fractures.*® These fractures are
more susceptible in elderly women and are
three times more common than in men. Most
of these fractures are related to osteoporosis.
The populations older than 60 years old made
up more than 70% of patients with PHF.%7 As
the risk of a PHF with associated bone fragility
or risk of fall increases, the tendency of patient
expectations on PHF treated by operative means
is increasing. ®°

Although most PHFs are stable and managed
by non-surgery treatment, the displaced and
unstable fracture patterns comprise 15% to 20%
of all cases and may affect the vascular supply of
the humeralhead. '®"" The operative management
choice is primarily considered for this case, yet
the acute treatment of unstable with vascular
disruption is challenging, time-consuming, and
frequently controversial.'> Current treatments
include  osteosynthesis  using proximal
humeral nails and plates, tension band wiring,
percutaneous or minimally invasive techniques,
such as pinning, intramedullary flexible nails,
screw osteosynthesis, hemiarthroplasty, and
reverse total shoulder arthroplasty (RTSA).
Anatomical reduction and stable fixation became
the main objective of surgical treatment because
the unreduced or poorly reduced fractures with
varus angulation of the humeral medial hinge can
be serious problems leading to post-operative
failure. 1314

The treatment of complex fracture patterns such
as displaced three- or four-part PHF presents its
own challenges. Arange of surgical interventions
are available for the treatment of complex PHF,
including open reduction and internal fixation
(ORIF) and arthroplasty/joint replacement either
hemiarthroplasty (HA), anatomic total shoulder
arthroplasty (TSA), or RTSA.'">'® However, The

modern plates help to minimize post-operative
complications by considering the medial
calcar/medial hinge restoration, metaphyseal
buttressing, and anatomic reduction of the
tuberosities.””* Use of proximal humeral
locking plates, which are indicated for managing
displaced two, three-, and four-part PHFs
provide maximum stabilization by minimizing the
peak stresses at the bone-implant interface. 202
Locking plates provide biomechanical strength
and stability for restoring and fixing a fracture,
especially for valgus-impacted fractures.
However, the overall clinical benefit of locking
plates for PHF fixation is controversial, both
in their ability to treat complex PHF and in the
predictability of patient outcomes. Additionally,
complication rates associated with locking plate
technologies can be unacceptably high such
as osteonecrosis of the humeral head, fixation
failure, infection, stiffness, and impingement.
Some complications, such as screw penetration
and implant breakage, seem unique to the
implant.?2>2® The preliminary studies show that
RTSA is considered as a salvage procedure
for failed ORIF of PHF by addressing glenoid
bone destruction and compensating for muscle
imbalance.?* So that, this report aims to provide
the outcomes of RTSA as a salvage procedure
for avascular necrosis of the humeral head
(AVNHH) post ORIF proximal humerus. This
case report has been reported in line with the
Surgical Case Report (SCARE) 2020 Criteria.®

CASE PRESENTATION

Mr. TH, a 68-years old man was admitted to
the orthopaedic outpatient clinic of dr. Soetomo
general hospital with pain in his right shoulder
when he abducted and flexed his shoulder. The
limitation occurred during those movements due
to the pain. He had difficulties with daily routine
activities such as combing his hair, putting on
clothes, and raising his right hand up. The patient
had a history of proximal humerus fracture on the
affected shoulder 2 years ago which had been
treated by open reduction and internal fixation
with plate and screw. Following the previous
surgery, no other traumatic events to the right
shoulder.
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A clinical examination revealed no swelling of
the right shoulder, but there was a scar from
a previous operation on the anterior aspect of
the shoulder. We observed a bulging in the tip
of the shoulder during shoulder abduction. No
pain was observed on palpation. The range
of movement (ROM) was limited on the right
shoulder abduction and flexion. The patient
experienced recognizable moderate pain with
a visual analogue score (VAS) of 5 upon those
movements. His right glenohumeral joint active
ROM was 860 of abduction, 920 of forward flexion,
280 of external rotation and inferior gluteus level
of internal rotation, respectively (Figure 1). The
American Shoulder and Elbow Surgeon (ASES)
Score was 32 and the Constant-Murley score
(CMS) was 33.

Figure 1. The clinical examination showing the right
shoulder limitation during active ROM due to the pain
(b,c,d) and the shoulder tip bulging (a,b).

The radiological examination of the AP view of
X-ray right shoulder showed a loss of fixation of
the head of the humerus and calcar humeri with
degenerated humeral head. The medial hinge
angle was not in an acceptable position and a
potential risk of further necrosis of the humeral
head (Figure 2). The humeral head fragment
is displaced inferiorly due to bone loss so that
we can observe the bulging in the tip of the
shoulder. From the radiological examination, we
diagnosed the patient with AVNHH post ORIF
proximal humerus. The RTSA was planned to
manage the loss of fixation.

Figure 2. The initial Neer two-part surgical neck
proximal humerus fracture (a) treated with ORIF (b). The
radiological examination two years later showing the loss

of fixation of the humeral head (c)

Surgical Procedure

A general anesthetic was administered to the
patient prior to elective surgery. The patient was
positioned in a beach chair position with the
affected upper extremity clearly exposed at the
edge of the operating table so that the arm could
be dislocated and extended freely. By using the
elbow support, a slight angle of elbow flexion was
achieved. An anterior deltopectoral approach
was carried out by retraction of the cephalic vein
laterally in the intermuscular plane between the
pectoralis major and deltoid muscles in order
to achieve an anterior deltopectoral approach.
Between the long and short heads of the
biceps muscles, a vertical incision of the clavi-
pectoral fascia was made. Short head biceps
and coracobrachialis muscles were mobilized
medially to avoid the musculocutaneous nerve.
The proximal humerus locking plate and locking
screws were removed from the humerus, and
the humeral head was excised.

For RTSA procedure, we used the Agilon®
Reverse  Shoulder  Arthroplasty  System
(Implantcast GmbH, Germany). We performed
the medullary cavity preparation with rigid drill 8
mm and rearmed the canal with 110 mm depth
using T-handle manually. The trial stem adapter
of Agilonstem cemented M6*N size 6/60 mm
(implavit®, CoCrMo, ISO 5832-4) was inserted
to the medullary canal. Following the mounting
of the humeral alignment guide and cutting
block to the trial stem adapter, we adjusted the
retroversion by 8o and then determined the
cutting height. For the metaphyseal component
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and bar screw, Agilon® metaphyseal component
primary for trauma 1350 30 mm (Implatan®,
TiAI6V4, 1ISO 5832-3) and Agilon® screw M6
22.5 mm (Implavit®, CoCrMo, ISO 5832-12 with
TiN coating) was used, respectively.

The cutting height and retroversion were
determined according to the implant used. The
cutting block bone was fixed with fixation pins
at a middle pin level. Following the removal of
the alignment guide and trial intramedullary
instruments, we added a third pin from cranial to
caudal on the cutting block to improve stability.
Having removed the head earlier, the purpose
of this step was to trim the uneven edge of the
humeral neck using a blade saw of 1.47 mm.
The correct cap size and height were determined
by measuring the resected head. Agilon® cap
inverse 32 mm size S (Implatan®, TiAI6V4,
ISO 5832-3 with TiN coating) and Agilon®
PE-glenosphere size 2 32 mm eccentrical
(UHMWPE, I1SO 5834-2) were utilized.

The trial stem was then inserted to the
appropriate depth and the bone was cut to fit the
metaphyseal component by using a box chisel.
During glenoid preparation, the protection plate
was placed upon the resected bone surface to
ensure that the chisel had been retroverted by
using the modular retroversion instrument. With
20 mm and 24 mm cancellous screws, we placed
Agilon® glenoid baseplate cementless size 2
short (cpTi, ISO 5832-2-with HA coating) on the
glenoid. The trial glenosphere was screwed to the
glenoid base. To assess shoulder ROM, the trial
inverse cap was used. After the shoulder stability
check, all trial instruments were removed and
the implant stem and metaphyseal component
assembled.

Intramedullary plugs were inserted and bone
cement was applied to the intramedullary canal.
In the modular retroversion instrument set at
80, the collar of the implant was adjusted until
it rested on the resected bone surface. The PE-
glenosphere was attached to the glenoid base
using a head impactor to secure it. Through
the use of a cap impactor, the inverse cap is

connected to the stem of the metaphyseal
component (Figure 3). In addition, we performed
the last stability test to ensure that the rotator
cuff muscles were not reconstructed using RTSA
technique. No complications were observed after
surgery. An arm sling was worn by the patient
immediately following surgery to provide support
for his shoulder and to allow him to rest it.

Figure 3. The post-operative shoulder anteroposterior
X-ray shows the humeral head and glenoid cavity
have been replaced by the prosthesis in the appropriate
anatomical position.

Post-operative

Active-progressive and active-assisted ROM
exercises of the shoulder joint were started as
the post-operative pain was amenable. Post-
operative evaluation was done 2 years after
surgery to assess clinical results. The bulging of
the tip shoulder disappeared. Right glenohumeral
joint active ROM was 1540 of abduction, 1580 of
forward flexion, and L3 level of internal rotation,
580 of external rotation, respectively. The VAS
point score was 0 with the ASES score of 97 and
the CMS of 94. The patient had full recovery of
shoulder function and he can do daily routine
activities without any discomfort as shown in
figure 4.

31

Journal of Hand, Upper Limb, and Microsurgery (JHUM) (2023) Vol 2, issue 1; 28-36



Figure 4. Post RTSA functional outcomes. (a) abduction,
(b) forward flexion, (c) external rotation, (d) internal
rotation, (e) 900 flexion, (f) overhead movement

DISCUSSION

AVNHH is associated with a complex pattern of
PHFs, the posteromedial metaphyseal extension,
residual medial hinge integrity, humeral head
rotation, greater tuberosity dislocation over
8-10 mm, humeral head split fractures, and
amount of fracture fragments. Medial calcar
integrity becomes the main critical aspect
influencing the humeral head blood supply.?
The pre-operative factors and intra-operative
factors should be analyzed carefully, particularly
the combination of short medial metaphyseal
extension and medial hinge disruption which are
the most significant factor for this complication.?”
The failure of osteosynthesis depends on
how severe medial hinge fragmentation is.
Additionally, a multi-fragmentary fracture should
be carefully treated so that the preservation
of vascular supply can be maintained and
devascularization can be avoided.?® The other
literature stated that between 3% to 37%, the
post-traumatic osteonecrosis could happen,
accordingly, the understanding of potential
risk factors for humeral head osteonecrosis
must be the priority of the treatment plan. For
instance, the risk factors for humeral head
osteonecrosis come into three groups of facts:
establishing the role of anterior and posterior
circumflex humeral arteries related to humeral
head vascularization, detecting predictive X-ray
signs for AVNHH, establishing the possibility for
humeral head revascularisation using sparing
surgical technique, anatomical reduction,
and stable fixation. The anatomical reduction

and stable fixation allow revascularization
and osteogenesis.?®?° The prompt fracture
reduction surgery vyields the post-operative
avascular necrosis (AVN) incidence reduction.
However, the patient undergoing ORIF surgical
technique is susceptible to AVNHH.23° ORIF
with osteosynthesis plate is a surgical strategy
applied to those with displaced two or three-part
humeral fractures. The objectives of the surgery
are to achieve adequate reduction and fixation
and optimize post-operative function. The
deltopectoral approach which can limit exposure
to the lateral and posterior aspects of the proximal
humerus is an attractive option to achieve wide
fracture visualization and reduction.®'

In this report, the patient had an accident
history and sustained a PHF, specifically with
a significant displacement of the surgical neck.
The thorough history taking of past diseases
revealed no history of any disease relating to the
risk factor of AVNHH. Robinson et al. reported
that the risk factors like alcohol ingestion, age,
and time to surgery had no influence on the
fractures. Smoking was found a significant
association with the AVNHH rate.® Archer et
al. reported that time to surgery whether less
than or greater than 72 h and patient age did
not correlate with the development of AVN after
PHF, while the number of fracture fragments and
the complexity did correlate with that fracture
complication.®? The most possible risk factor of
AVN following ORIF plating was the disruption of
humeral head vascularization due to the surgical
neck significant displacement in which most of
the vital vessels of the humeral head are around
that structure. Based on the anatomical structure,
the PCHA is the most possible disrupted vessel
as we observed the posterior displacement of
the surgical neck on the first trauma radiological
examination of the patient. The use of locking
plates in ORIF procedures has been implicated in
complications such as malreduction, screw cut-
out, malunion, non-union, avascularnecrosis, and
infection.®* The present meta-analysis suggested
that the plate fixation in PHF management had a
significantly higher risk of AVN than conservative
treatment.?* We can exclude the risk of AVNHH
from the ORIF procedure in this patient because
the medial hinge of the proximal humerus had
perfectly reduced and the screw was in the
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acceptable position. However, the potential risk
of AVNHH from the mechanism of injury, delay of
surgical procedure and the extended soft tissue
injury which could potentially altered the humeral
head vascularization in this patient should be
considered should be considered. The decision
to manage with alternative procedure RTSA
should be considered in the first place.

Based on systematic review and meta-analysis
conducted by Suroto et al., they suggested to
manage patients aged over 64 years old who
sustained a three- or four-part PHF. With the
RSTA, forward flexion and CMS were improved,
abduction was equal, external rotation was
reduced, and revision surgeries were fewer.®
Emilio et al. reported that patients with failed
proximal humerus locking plate fixation who
were revised to reverse shoulder arthroplasty
(RSA) obtained marginally lower functional
scores and higher complication rates than
those with primary RSA.*® However, most
complications were manageable so the final
outcome was not affected. RTSA has been
regarded as a reliable salvage procedure for
failed operative treatment of complex fractures
of the PHF in elderly patients. This procedure
can manage the glenoid bone destruction and
compensate for muscle imbalance so that
it has been considered for salvage of failed
ORIF of PHF and allowed promising results in
preliminary studies.®®3” Although Kristensen et
al. reported that the substantial risk of revision
and low outcome of a shoulder arthroplasty after
failed osteosynthesis for PHF was increased,*®
this patient who underwent RTSA as a salvage
procedure due to loss of fixation following
AVNHH had a good outcome. We agree with
Hussey et al. that improvement in outcomes
and pain can be expected by cautiously major
complication management after surgery.?* In
recent meta-analysis, the use of RTSA implant
with neck-shaft angle 1350 provided better
abduction and tuberosity healing than that of
1450 and 1550 which this report also provided
acceptable result.’®*° The limitation of this report
is the lack of clinical pictures at the time of the
first trauma event that may depict the severity of
upper extremity deformity and no CT-scan image
evaluation prior to RSTA.
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CONCLUSION

The management of PHF by internal fixation
must consider not only the anatomical reduction
of the medial hinge of proximal head humerus
but also the potential risk factors of vascular
disruption and fracture displacement which can
lead to avascular necrosis complications, such
as the degrees of injuries and the potential
vascular disruption during ORIF procedure. A
thorough functional evaluation follow-up after
the ORIF procedure on PHF should be done in
order to determine the decision of RTSA as a
salvage procedure.
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