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Abstract

Proximal humeral fractures and fracture-dislocations, which are not
amenable to predictable anatomical fixation, pose several treatment
challenges, especially in elderly individuals. Malunion of the fracture
fragments can be an outcome, while humeral head avascular necrosis
and fracture nonunion can complicate an attempted internal fixation
leading to articular surface degradation and secondary osteoarthritis.
These patients often present with painful, stiff shoulders secondary to a
distorted proximal humerus, scarred deltoid, rotator cuff tears, and/or
atrophied rotator cuff muscles. The anatomical sequelae noted from
failed initial treatment makes shoulder arthroplasty more challenging,
often with less predictable results and a higher risk of complications.
Primary hemiarthroplasty of the shoulder is indicated for treating
elderly, osteoporotic proximal humeral fractures which are often
complicated by comminution, which are of three and more parts, and
sometimes associated with head splitting and fracture-dislocations. The
important factors influencing the outcomes include restoration of native
humeral height and version with healing of the tuberosities in an
acceptable position. Tuberosity malunion and nonunion equate to poor
function. Hemiarthroplasty for neglected proximal humeral fractures and
for revising failed internal fixation is known to fare worse compared to
those performed in primary osteoarthritis and acute fractures. In current
practice, fractures with distorted proximal humeral architecture, poor bone
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stock, and associated cuff pathology, the reverse shoulder arthroplasty is a
reliable treatment option, backed by increasingly positive short and
mid-term follow-up data.

Keywords Primary - Hemi - Total - Reverse shoulder - Arthroplasty - Proximal -
(separated by “-”) Humeral - Fractures - Sequelae and implant failure
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Abstract

Proximal humeral fractures and fracture-dislocations, which are not amenable to
predictable anatomical fixation, pose several treatment challenges, especially in
elderly individuals. Malunion of the fracture fragments can be an outcome, while
humeral head avascular necrosis and fracture nonunion can complicate an
attempted internal fixation leading to articular surface degradation and secondary
osteoarthritis. These patients often present with painful, stiff shoulders secondary
to a distorted proximal humerus, scarred deltoid, rotator cuff tears, and/or
atrophied rotator cuff muscles. The anatomical sequelae noted from failed initial
treatment makes shoulder arthroplasty more challenging, often with less predict-
able results and a higher risk of complications.

Primary hemiarthroplasty of the shoulder is indicated for treating elderly,
osteoporotic proximal humeral fractures which are often complicated by commi-
nution, which are of three and more parts, and sometimes associated with head
splitting and fracture-dislocations. The important factors influencing the out-
comes include restoration of native humeral height and version with healing of
the tuberosities in an acceptable position. Tuberosity malunion and nonunion
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equate to poor function. Hemiarthroplasty for neglected proximal humeral frac-
tures and for revising failed internal fixation is known to fare worse compared to
those performed in primary osteoarthritis and acute fractures. In current practice,
fractures with distorted proximal humeral architecture, poor bone stock, and
associated cuff pathology, the reverse shoulder arthroplasty is a reliable treatment
option, backed by increasingly positive short and mid-term follow-up data.

Keywords

Primary - Hemi - Total - Reverse shoulder - Arthroplasty - Proximal - Humeral -
Fractures - Sequelae and implant failure

Abbreviations

GT Greater tuberosity

HA Hemiarthroplasty

NCA  Non-constrained arthroplasty
ROM Range of motion

RSA  Reverse shoulder arthroplasty

Introduction

Fractures involving the proximal humerus are commonly classified by Neer’s
method [1] which is based on the number of fracture fragments displaced by more
than 1 centimeter or angulated 45°. The humeral head, humeral shaft, and each of the
tuberosities are considered as the four fragments (Fig. 1). Alternatively, the AO/OTA
group classifies these fractures based on location and surgical neck condition which
reflects risk of compromise to the humeral head blood supply [2].

The history, clinical examination, and imaging findings are critical in order to
establish an effective treatment decision and surgical plan. Patient demographics
such as age, time from injury, functional level, pre-morbid conditions, and the ability
to participate in rehabilitation are vital components in the treatment algorithm.
Routine preoperative plain radiographs portray the articular surface incongruity
from humeral head splitting if present. In addition, radiographs are helpful in
identifying the number and displacement of the actual fracture fragments, as well
as surgical neck involvement and displacement indicating possible compromise of
the humeral head blood supply. CT scans with three-dimensional reconstructions of
the proximal humerus are useful (Fig. 2), although not essential if the surgeon is
familiar with interpreting plain radiographs. CT scans with 3D reconstructions can
be of particular value to the treating surgeon when planning fixation method in
complex fracture as well as in choosing implant design when selecting arthroplasty
as the treatment modality.

Comminution and displacement involving the surgical neck region compromise
the blood supply to the humeral head. This factor plays a critical role in surgical
decision making between internal fixation and arthroplasty. Fracture features that
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Fig. 1 Neer’s classification of Fractures of the proximal humerus based on number of displaced
fragments as (a) one-, (b) two-, (c) three-, and (d) four-part fractures

Fig. 2 (a—c) Preoperative 3D CT image depicting a proximal humeral four-part fracture

increase the risk of humeral head avascular necrosis (AVN) include: a short medial
head metaphyseal spike of less than 8 mm, absent posteromedial bony contact, and
humeral head split [3]. These findings should prompt the clinician to strongly
consider primary arthroplasty as the definitive treatment.

Proximal humeral fractures that are minimally displaced tend to unite well with
conservative treatment, with 80% of treated subjects achieving good to excellent
outcomes [4-6]. However, the ideal method of treating the severely displaced and
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4 H. K. Ankem and S. Kamineni

complicated proximal humeral fracture is debatable [4-6]. The treatment of
displaced or unstable proximal humeral fractures varies depending on patient factors,
as well as surgeon preferences and experience. Options include open reduction and
internal fixation with proximal humeral plate and screws, intramedullary nail,
percutaneous or minimally invasive fixation with pins or screws, and arthroplasty
[7-11].

Based on the current clinical evidence, it is difficult to universally favor either
joint replacement, internal fixation, or conservative treatment [12, 13]. All three
categories of management have a place in the treatment algorithm, and literature is
starting to better delineate which treatment modality is suited to which fracture/
sequelae personality.

Open Reduction and Internal Fixation

Displaced three- and four-part fractures in elderly patients present a unique challenge
for surgeons. Patient age, bone quality, type of fracture, and time since injury are the
important factors that determine the decision to intervention [14].

Internal fixation of proximal humeral fractures is compounded by loss of blood
supply to the head fragment, osteopenic/porotic bone, comminution, chronologically
and physiologically elderly patients, and damage to the rotator cuff. All of these
factors increase the rate of failure of osteosynthesis [9, 11]. Poor clinical results and
high failure rates are reported among elderly patients with three- and four-part
proximal humeral fractures, with internal fixation [11]. Locking plates and
intramedullary devices may offer initial stability of reconstructed fractures allowing
early rehabilitation, but results are unpredictable in elderly fragility fractures; how-
ever, improved plate and screw technology including locking constructs has been
helpful in treatment of these patients.

Open reduction and internal fixation of the displaced three-part and four-part
proximal humeral fractures may be considered as a treatment option in elderly
patient with adequate bone stock. This approach has one hypothetical advantage
and particularly in those who are younger (<60 years of age). In the event of AVN
occurring in the humeral head, a future revision to arthroplasty is more probable with
anatomically healed tuberosity fragments. However, in conditions of poor bone
quality, likely compromised humeral head blood supply, and articular surface injury;
primary arthroplasty is preferable due to the high rate of failure with initial operative
fixation.

Internal fixation of the proximal humeral fractures was shown to have 98%
success rate of union in a recent systematic review [10] that was conducted in
which subjects achieved a Constant score of 74 with forward flexion up to
139 degrees and external rotation to 48 degrees. However, other studies quoted a
high percentage of complications (13.7%) reporting on proximal humeral fractures
that were fixed with internal fixation. [15] The reported complications included AVN
of the humeral head, loss of internal fixation, screws penetrating the articular surface,
and impingement from hardware [9, 11]. Hemiarthroplasty for neglected proximal
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humeral fractures and their sequelae following failed internal fixation as a salvage
procedure is known to fare much worse compared to that performed primarily in
osteoarthritis and acute fracture indications [16, 17]. Hence the decision making
between ORIF and arthroplasty is important, and furthermore complications associ-
ated with chosen treatment modality must be considered. The failed internal fixation
complications were depicted in Figs. 3 and 4.

Fig. 3 (a, b) Failed fixation of the proximal humeral fracture (two-part) with varus collapse and
screws perforating humeral head requiring removal

Fig. 4 The consequences of failed ORIF (a) include glenoid bone loss due to erosion by the
perforated screws (b). Locking screws can penetrate the humeral head as the head collapses (¢)
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Arthroplasty

Hemiarthroplasty of the shoulder is indicated in treating elderly osteoporotic prox-
imal humeral fractures, not amenable to conservative management, and are often
complicated by comminution. The latter precluding the possibility of internal fixa-
tion [19]. The consequences of tuberosity malunion and nonunion equate to poor
functional outcomes. Similarly, continued glenoid erosion by a metallic prosthetic
head also may lead to poor patient functional outcomes.

Poor outcomes are reported following hemiarthroplasty for the acute proximal
humeral fractures in older individuals with osteoporosis due to migration, nonunion,
malunion, or resorption of tuberosities [20]. Anatomical total shoulder replacement
with approximation of tuberosities to the surgical neck and prosthesis, while restor-
ing humeral length and lateral offset, helped address these difficult [21, 22] fractures
with poor bone quality.

In general, it is agreed that the primary anatomical total shoulder replacement
fares better when compared to the hemiarthroplasty in elderly fractures. It is also
well-accepted that primary arthroplasty outperformed secondarily converted joint
replacement procedures in terms of long-term complications and functional out-
come. However, in patients with severe osteoporosis the use of this type of implant is
still limited, with less predictable outcomes.

Cazeneuve et al. [23] reported medium-term follow-up results at 6.6 years in
36 elderly patients with osteoporotic proximal humeral fractures treated primarily
with reverse shoulder prosthesis. In their series with a Constant score of 53 points,
23 patients (63%) had radiologic evidence of glenoid component loosening and a
significant percent developed scapular notching. The authors highlight that contin-
ued advancements in RSA design and bearing surfaces, improved surgical tech-
nique, and long-term follow-up studies are needed to determine the role of reverse
total shoulder arthroplasty in the treatment of these fractures. They also suggested
complete removal of tuberosities while avoiding excessive anteversion at the initial
surgical preparation quoting reasons for high percentage of dislocation in their series
from impingement adding to the instability.

Secondary treatment of these fractures that failed primary treatment is complex
and can be fraught with complications. Malunited fracture fragments with or without
AVN of the humeral head and nonunion are common along with joint surface
irregularity that poses additional challenges. Furthermore, features such as underly-
ing damage to the rotator cuff, with adhesions from prior surgical intervention,
deltoid muscle scarring, and disuse atrophy make a secondary arthroplasty procedure
difficult with poor results and high rates of complications [24—26]. It is known that
results of arthroplasty for neglected proximal humeral fractures and their sequelae
following failed internal fixation are inferior to those performed primarily in osteo-
arthritis and acute fractures [16, 17].

The concept of reverse shoulder arthroplasty came into existence to compensate
for poor rotator cuff function that was further compromised by nonunion, malunion,
and resorption of tuberosities. In fractures with distorted proximal humeral



Author's Proof

166
167
168

169

170
171
172
173
174
175
176
177
178
179
180
181

Primary Arthroplasty for Proximal Humeral Fractures and Fracture. .. 7

architecture and poor bone stock, and associated rotator cuff pathology; evidence
favors reverse shoulder arthroplasty (RSA) over non-constrained arthroplasty
(NCA).

Proximal Humeral Fracture Sequelae Classification:

Proximal humeral fracture sequelae have been classified into two categories (Intra-
capsular and Extra-capsular) with four subtypes described by Boileau et al. [18]
(Fig. 5). This classification describes the behavior of these fractures and is helpful in
surgical planning and predicting outcomes.

In Category I, the tuberosity relationship with respect to the proximal humerus is
well maintained hence a greater tuberosity osteotomy is not required while consid-
ering implanting an anatomical shoulder prosthesis, leading to predictably good
outcomes. This category is subdivided into Type 1, humeral head collapse or AVN
with minimal tuberosity malunion, and Type 2, locked shoulder dislocation or
fracture-dislocation of the proximal humerus. Additionally, within the category I
of proximal humeral fracture healing sequelae, the Type 1 sequelae were further
divided by Moineau et al. [27] into four subgroups as 1A — humeral head

Type 1 Type 2
Intra-capsular, Cephalic collapse or Locked dislocation or
impacted necrosis fracture-dislocations

fracture sequelae

No greater tuberosity
osteotomy
|
Good and predictable
results

Type 3 Type 4 [

Surgical neck Severe tuberosity !

Extra-capsular, . X |
nonunions malunions

disimpacted
fracture sequelae

|
Tuberosity
osteotomy

Poor and unpredictable
results

NIt

Fig. 5 Boileau et al. [18] classification of healed proximal humeral fracture sequelae
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8 H. Ankem and S. Kamineni

posttraumatic AVN without tuberosity malunion; 1B — posttraumatic OA without
AVN or tuberosity malunion; 1C — proximal humeral malunion in valgus; and 1D —
proximal humeral malunion in varus.

In Category II, extracapsular displaced proximal humeral fracture sequelae, the
relationship between tuberosities, humeral head, and shaft are grossly distorted
during healing. This category is also further subdivided into those with surgical
neck nonunion (Type 3), and those with severe tuberosity malunion (Type 4). In
Category II sequelae, tuberosity osteotomy is necessary in order to perform an
anatomic prosthesis, hence the results are poorer and less predictable.

According to Mansat et al. [ 17, 28], the results of total shoulder arthroplasties
(anatomical/“non-constrained”) for neglected proximal humeral fractures and their
sequelae following failed internal fixation is known to fare worse compared to that
performed in primary osteoarthritis or hemiarthroplasty performed for acute frac-
tures. Based on their review, these authors concluded that the satisfaction may be
expected in 15%—72% of the cases, with 85% having pain relief and having attained
ROM of 110 degrees of active forward elevation and 20 degrees of active external
rotation.

These authors [17, 28] reported complication rates varying between 20% and
48% in this category of proximal humeral fractures compared to other etiologies.
Likewise, the revision rates varied from 3% to 35%. They concluded that the final
outcomes were affected by preoperative factors, most notably initial treatment
method, type of fracture sequelae, and the need for greater tuberosity osteotomy.
Better results were noted among those with sequelae after initial conservative
treatment compared to those treated initially with surgical management. Similarly,
if the type of sequelae included posttraumatic arthritis without any distortion of the
tuberosities or AVN, better results were noticed when compared to posttraumatic
arthritis with nonunion, humeral head defect, and/or malunion. The results were poor
and less predictable if performing an anatomical or non-constrained shoulder
arthroplasty requiring a greater tuberosity osteotomy (Fig. 6).

Moineau et al. [27] reported outcomes to be unfavorable when an anatomical
prosthesis was implanted for type 1 fracture sequelae in instances of varus deformity,
greater tuberosity osteotomy, or rotator cuff fatty atrophy. In these circumstances, the
authors recommended a reverse total shoulder prosthesis (RSA).

Boileau et al. [18] reported poor Constant scores in one-third of cases, in a series
of 71 non-constrained arthroplasties performed in different proximal humeral frac-
ture sequelae. Good to excellent Constant scores were obtained in type 1 and
2 proximal humeral fracture sequelae in which osteotomy of the greater tuberosity
(GT) was not required. Cases with type 3 and 4 sequelae, which needed a GT
osteotomy, were found to have fair or poor results and failed in achieving active
forward flexion above horizontal. These authors concluded that whenever possible,
GT osteotomy should be avoided while performing non-constrained shoulder
arthroplasty for the treatment of proximal humeral fracture sequelae.

These authors further reinforced their previous study findings by updating their
study results in which they reported on 203 patients with proximal humeral fracture
sequelae. Among them, those that were treated with non-constrained arthroplasty
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Fig. 6 (a) Open reduction internal fixation with plate (incompletely reduced fracture) with
proximal humeral fracture sequelae Category 1, type 1. Followed by revision of the former with
anatomic — non-constrained shoulder prosthesis (NCA) (b & ¢) without an osteotomy of the greater
tuberosity

(NCA) in type 1 and type 2 sequelae obtained good post-op Constant scores (62 and
61 points, respectively) [18, 29]. In this follow-up study, the authors noted total
shoulder arthroplasty to fare better than hemiarthroplasty, with NCA (along with GT
osteotomy) treated patients obtaining 36 and 42 points as post-op Constant scores in
Type 3 and Type 4 fracture sequelae, respectively. They no longer recommended
using anatomical or non-constrained prosthesis, instead they proposed using either
bone grafting [15] or fracture prosthesis with a low-profile for patients with Type
3 sequelae and reverse total shoulder arthroplasty (R-TSA) for those patients with
Type 4 sequelae. They recommended surgeons accept distorted proximal humeral
anatomy when possible by adapting the prosthesis and their surgical technique to the
altered anatomy in order to avoid GT osteotomy.

The results of NCA were slightly better than RSA in Type 1 fracture sequelae in
patients with intact rotator cuff, restoring both active elevation and external rotation
[30]. RSA was better than NCA in those patients with Type 1 fracture sequelae with
head collapse or AVN and a rotator cuff that is either atrophied or injured and not
functioning. Hence, either NCA or RSA may be chosen for Type 2 sequelae. In
locked posterior fracture dislocations, they preferred using NCA, while RSA was
more favorable in proximal humeral fracture sequelae with chronic anterior dislo-
cation of the shoulder. With regard to the management of surgical neck fracture
nonunion (Type 3 proximal humeral fracture sequelae), these authors suggested
internal fixation along with peg bone graft for fixing the nonunion as both NCA
and RSA had inferior outcomes [15]. However, when surgical neck nonunion is also
associated with tuberosity nonunion, severe humeral head cavitation, or osteoarthri-
tis; humeral head replacement and tuberosity fixation with bone grafting is
recommended. Lastly, in Type 4 sequelac with severe malunion of the proximal
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humerus with displaced and malunited tuberosities, RSA along with greater tuber-
osity osteotomy is preferred.

The treatment of proximal humeral fracture sequelae requiring greater tuberosity
osteotomy was associated with poor outcomes as stated above. In Boileau and
Neyton’s experience [30], reverse total shoulder arthroplasty offered better outcomes
compared to non-constrained shoulder arthroplasty when greater tuberosity
malunion and or nonunion was addressed as part of the treatment plan. Additionally,
these authors noticed improved patient reported outcomes and satisfaction by
converting a failed hemiarthroplasty to a reverse shoulder prosthesis, especially
with a convertible or platform stem that could be retained at the time of revision
[31-33]. However, this procedure was associated with risk of higher complication
rates.

Kilic et al. [34] retrospectively reviewed 55 patients with proximal humeral
fracture sequelae, 36 NCA, and 19 RSA. Within the group treated with NCA,
32 patients had either type 1 or 2 sequela, with improvement of Constant scores
from 19 points to 68 points. The majority of the patients in the RSA treated group
had either type 3 or 4 sequelae (17 out of 19), and their Constant scores improved
from 9 points to 47.5 points. The authors hence recommended NCA for type 1 and
2 sequelae and RSA for type 3 and 4 sequelae.

Later, following the recommendations as per the Boileau et al. [18] classification,
Alentorn-Geli et al. [35] reported their results comparing treatments between 12 sub-
jects with hemiarthroplasty (HA) and 20 subjects who had reverse shoulder
arthroplasty. Six out of 12 subjects in the HA treated group had type 1 sequela
while 10 out of 20 among RSA treated group had type 4 sequela. The HA treated
group had more complications, with two subjects revised to RSA, either for painful
limitation of function or infection and one subject to TSA following glenoid erosion.

In a mixed group comprising a large series of 191 shoulder arthroplasties, Wall
et al. [36] reported on 33 RSAs performed for proximal humeral fracture sequelae
[18]. This specific subset of RSAs scored inferiorly when compare to RSA that was
performed for either rotator cuff arthropathy, massive rotator cuff tears, or osteoar-
thritis (OA). Similar observations were reported in another series [37] with rotator
cuff arthropathy treated with RSA having better Constant scores when compared to
patients with fracture sequelae that had RSA (83 vs 73 points). Nonunion sequelae
(type 3) fared worse compared to malunited proximal humeral fractures (type
4 sequelae) with Constant scores of 56.5 vs 86.8 points [37]. The type 4 sequelae
subset achieved better functional ROM. Likewise, Fevang et al. [38] reported RSA
outperformed NCA and HA in their study looking into management options for
proximal humeral fracture sequelae.

In contrast to the above studies, Willis et al. [39] felt that instead of osteotomy of
the malunited tuberosities, implant design modification itself would allow better
postoperative function. While reporting their results on 16 patients with proximal
humeral fracture sequelae (six patients with type 1 and nine patients with type 4) [18]
treated with RSA, these authors found no difference among the sequelae types that
were statistically significant. In the treated subjects, ASES scores increased from
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28 to 63 points, forward flexion from 53 to 105 degrees, and external rotation from
5 to 30 degrees.

Martinez et al. [40] published their initial results of 18 cases of RSA (six being
composite prosthetic allografts) for proximal humeral fracture treatment nonunion,
with a modular platform system. The outcomes improved in Constant scores from
26 to 55 points, forward flexion from 35 to 90 degrees, external rotation from 5 to
30 degrees, and subjective shoulder value from 10% to 50%. In a follow-up study
[41], 44 cases of RSA were performed for different sequelae of proximal humeral
fractures (type 1 in 16, type 2 in 8, type 3 in 14, and type 4 in 6). Results were similar
with improvements in Constant scores from 28 to 58 points, forward flexion from
40 to 100 degrees, external rotation from 15 to 35 degrees and subjective shoulder
value from 13% to 56% [40]. Prosthetic instability was the most common compli-
cation noticed with the highly modular implant design.

In a recent study, Zafra et al. [42] reviewed their results of 35 patients with RSA
for proximal humeral nonunion. The average follow-up was 4.25 years with statis-
tically significant improvements in postoperative pain, functional ROM, and Con-
stant scores. While significant pain reduction, functional improvement, and a high
degree of satisfaction were achieved, instability in this particular subset of proximal
humeral fracture sequelae remains a concern.

Instability following RSA for proximal humeral fracture sequelae and failed
hemiarthroplasty is a serious complication. In an attempt to mitigate against insta-
bility, Guarrella et al. [43] recommended comparing the full humeral length radio-
graphs between right and left sides for preoperative planning and templating the
humeral implant height appropriately. Equally important is the residual glenoid bony
anatomy which can be verified with CT imaging. CT is particularly helpful in
planning the required lateral offset for the anticipated glenoid implant. Other studies
suggested that maintaining deltoid length tension relationship and lateralizing the
center of rotation as the key factors for prosthetic stability in RSA [44, 45]. Com-
paring the opposite side, when the humeral length is inadequate, a thicker polyeth-
ylene insert with a metallic spacer allows for correction up to 15 mm. These authors
felt that if greater degrees of correction were to be needed, it would mandate revision
to a prosthesis with a longer humeral stem, Figs. 7 and 8 [44, 45]. These authors also
noted that when the intraoperative humeral length is deemed appropriate, closed
reduction with examination under anesthesia confirms the joint to be stable, sling
immobilization with or without an abduction pillow for 3—6 weeks is effective for
maintaining stability while tissues heal.

When dealing with fractures, complex fracture sequelae, and failed fixation
revision to arthroplasty, the surgeon is responsible for not only a grasp of funda-
mental principles but also technically adequate execution of the procedure. As a
tertiary referral center for complications from other shoulder surgeons, we witness
fundamental principles being breached more commonly than is reported. While all
the fundamental principles are too numerous to mention, two example cases are
presented to highlight the issue. In Fig. 9, there was excessive lengthening of the
arm, which caused complete axillary nerve and deltoid dysfunction. In Fig. 10,
failure to follow the time-tested AO principles of bypassing a cortical defect by two
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Fig. 7 Distorted proximal humeral anatomy with Type 4 fracture sequelae in category II as per
Boileau's classification: (a) Acute injury, (b) treated nonoperatively in outside hospital, (¢) treated
with fracture mobilization and reverse shoulder arthroplasty, (d) 12-month follow-up demonstrating
implant in-situ with preserved and healed proximal humerus

Fig. 8 (a) Proximal humeral fracture referred for fixation failure due to cut-out from bone, (b)
treated with plate removal and standard reverse shoulder arthroplasty, preserving proximal humeral
bone stock

cortical diameters, not checking post-operative X-rays on two consecutive opera-
tions, and not understanding the utility of long cemented versus uncemented
stemmed humeral stems in revision surgery led to catastrophic failure. Our experi-
ence of dealing with such referred patients allows us to conclude that most
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Fig. 9 Proximal humerus fracture treated with an over lengthened RSA, resulting in complete
axillary nerve and deltoid dysfunction. This lady presented to us having fallen and broken her
contralateral right shoulder. (Permission granted by patient to use clinical photos)

Fig. 10 (a) A failed proximal humerus ORIF that required revision surgery in a 41-year-old female
patient (b) was treated with a short stemmed, uncemented anatomic arthroplasty. The surgeon failed
to bypass the most distal cortical defect, following screw removal and failed to check postoperative
radiographs which demonstrated the newly implanted humeral component wholly outside the
humeral canal. (¢) The same surgeon performed a revision surgery, and while she used a longer
stem in this second surgery, failed to reduce the joint, which remained dislocated, and also resulted
in an extended humeral fracture distal to the deltoid tuberosity

complications can be avoided with better training, and personal insight, that allows a
surgeon to understand her/his limitations, leading to a referral to a more
sub-specialized surgeon.

Conclusion

Proximal humeral fractures and their sequelae that are complicated due to several of
the patient related factors seen in elderly patients are not only difficult to treat but
pose unique challenges in their management. Poor outcomes were reported in older
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individuals following hemiarthroplasty for acute shoulder fractures from osteoporo-
sis resulting in implant failure with migration, nonunion, malunion, and/or resorp-
tion of tuberosity fragments. Anatomical total shoulder replacement, with
approximation of tuberosities to the surgical neck and prosthesis fins, restored
humeral length and lateral offset. However, poor bone quality and dysfunctional
rotator cuff compromise the outcome.

Factors identified to be most consequential to the final outcome are: (1) deranged
proximal humeral anatomy; (2) relationship of the tuberosities to the humeral shaft —
malunion or nonunion, (3) need for greater tuberosity osteotomy, and (4) quality of
proximal humeral bone stock and rotator cuff integrity.

Proximal humeral anatomy with minimal distortion, tuberosities healed to the
shaft in an acceptable position, and a functioning rotator cuff, treated with
non-constrained arthroplasty (NCA) result with good functional outcomes. If
distorted proximal humeral anatomy permits, modifying the surgical technique
along with the implant configuration is an acceptable option, without the need to
resort to tuberosity osteotomy. If the rotator cuff integrity is questionable, a reverse
shoulder prosthesis (RSA) is recommended for elderly individuals. If there is gross
distortion of proximal humeral anatomy and or malunion of the tuberosities, man-
dating a greater tuberosity osteotomy, NCA can only achieve poorer functional
results. For fracture sequelac with surgical neck nonunion, intramedullary peg
bone graft with osteosynthesis is recommended. RSA is recommended for late
sequelae with tuberosity malunion, nonunion surgical neck fractures in elderly
patients with questionable rotator cuff quality. Finally, bilateral humeral length
comparison to maintain effective deltoid length tension relationship and lateraliza-
tion of the glenoid component helps address the instability concerns while dealing
with fracture sequelae surgery and in revision to reverse prosthesis scenarios.
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