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Abstract
Purpose of the Review Anatomic and reverse endoprosthetic reconstruction are two common surgical options used after 
tumor resection of the proximal humerus. The purpose of this article is to provide an overview of the functional outcomes 
and complications of modern anatomic and reverse endoprostheses.
Recent Findings The anatomic endoprosthesis has traditionally been a successful reconstructive technique as it provided a 
stable platform upon which the hand and elbow could function. However, the reverse endoprosthesis has gradually replaced 
the anatomic endoprosthesis given that its semi-constrained design affords greater stability. Patients with reverse endopros-
theses have improved motion, patient-reported outcome scores, and revision-free implant survivorship compared to those 
with anatomic endoprostheses. Shoulder function may be further improved with a reverse allograft prosthetic composite 
(APC) due to reconstruction of the rotator cuff tendons or by transferring the latissimus dorsi and teres major tendons to 
recreate the function of the posterosuperior rotator cuff muscles. The short-term functional improvement observed with the 
use of an allograft reconstruction, however, may diminish with longer follow-up due to delayed graft complications, such 
as resorption, nonunion, and fracture.
Summary In most patients undergoing oncologic resection of the proximal humerus, the reverse endoprosthesis or reverse 
APC is recommended due to improved functional outcomes and reduced postoperative complications compared to other 
reconstructive techniques.

Keywords Proximal humeral tumors · Reverse shoulder arthroplasty · Megaprosthesis · Endoprosthesis · Outcomes · 
Complications

Introduction

The proximal humerus is the third most common site for 
primary bone sarcomas and metastatic tumors of bone, 
accounting for 7–15% of all cases [1, 2]. Historically, these 
tumors were primarily treated with amputation, but there 
has been an increasing emphasis on limb-sparing resec-
tion and shoulder reconstruction [3]. The primary goal of 
reconstruction is to achieve a stable shoulder to maintain 
maximum function of the elbow and hand. This can often 
be challenging due to bone loss and partial resection of the 
deltoid, rotator cuff muscles, and capsule required to achieve 
negative margins.

Several reconstructive options are in use today, including 
arthrodesis, vascularized fibular head autograft, clavicula 
pro humero, osteoarticular allografts, allograft prosthetic 
composites (APC), and endoprostheses [4–7]. The evi-
dence supporting one reconstructive option over the other 
is limited and there is no consensus regarding the optimal 
reconstructive technique. However, only osteoarticular allo-
grafts, APCs, and endoprostheses recreate a glenohumeral 
articulation that potentially allows for greater shoulder range 
of motion and function [4]. Osteoarticular allografts have the 
advantage of replacing bone stock and allows for the direct 
repair of host rotator cuff tendons to allograft tendon, which 
may improve shoulder stability and function [8]. Despite 
these theoretical benefits, it has been shown to be associated 
with failure rates up to 42% due to graft fracture, resorp-
tion, nonunion, and articular deterioration [9]. As such, their 
use in reconstructing the glenohumeral joint have gradually 
diminished in favor of endoprostheses and APCs.
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Endoprosthetic reconstruction after tumor resection have 
been utilized since the 1950s [10]. There have been tremen-
dous modifications to their design over the past several dec-
ades, particularly with the introduction of the reverse endo-
prosthesis. In this review, we will highlight the prosthetic 
reconstruction options available, summarize their clinical 
outcomes, and provide our preferred treatment option.

Evaluation

The appropriate evaluation of patients with bone or soft tis-
sue sarcomas is predicated on a detailed history and physical 
exam, imaging, and biopsy. Patients with musculoskeletal 
malignancy may experience up to a 6-month delay before 
an accurate diagnosis is made, which may lead to devastat-
ing outcomes [11]. They often present with pain, a palpable 
mass, or pathologic fracture. History should include chronol-
ogy of symptoms, presence of systemic signs (e.g. weight 
loss, fevers, fatigue), level of functional independence, 
personal or family oncologic history, and smoking history. 
Physical exam should be directed towards evaluating range 
of motion, deltoid function (axillary nerve), and rotator cuff 
muscle strength. Focused neurovascular evaluation of the 
distal arm is critical as the mass may displace the brachial 
plexus and axillary vessels. A careful examination of the 
axilla for lymph node enlargement should also be performed.

Further work-up includes orthogonal radiographs of the 
shoulder and humerus. Location of the lesion and certain 
radiographic characteristics can help begin to formulate a 
differential diagnosis. Poor margination, wide zone of tran-
sition, periosteal reaction, and cortical disruption are signs 
of a malignant lesion. In addition, the lesion may have a 
variety of mineralization patterns that reflect its historical 
origin (osteoid – cloudlike; chondroid – popcorn, rings or 
arcs) [12]. A magnetic resonance imaging (MRI) scan with 
and without gadolinium contrast of the shoulder and entire 
humerus should also be obtained to evaluate the extent of 
the lesion, presence of skip metastases, and involvement of 
the axillary nerve or neurovascular bundle [13]. Lastly, stag-
ing studies should include computed tomography (CT) of 
the chest and positron emission tomography (PET) scan. 
Any patient over 40 years without a history of cancer who 
presents with a new lytic bone lesion should be presumed 
to have metastatic disease until proven otherwise. In addi-
tion to a CT chest, a CT abdomen and pelvis should also be 
obtained to evaluate for the primary lesion [14]. 

Biopsy in the setting of suspected proximal humeral 
tumor is a technically challenging procedure that should 
only be performed at the treating institution. Without the 
requisite expertise, poorly planned biopsies can compro-
mise the viability of reconstructive procedures and may 
make amputation necessary to achieve adequate surgical 

margins [15–17]. Core or open incisional biopsy can be 
performed to obtain tissue sample, though the diagnos-
tic accuracy of open incisional biopsy is generally higher 
than that of core biopsy (94% vs. 83%) [17]. Biopsies of 
the proximal humerus should be performed through the 
anterior one-third of the deltoid muscle rather than the 
deltopectoral interval to avoid contamination of other mus-
cles [18]. When the biopsy is collected by open surgery, 
our preferred technique is to fill the bone with bone wax 
to limit soft-tissue contamination. The biopsy track should 
be resected en bloc at the time of reconstruction.

Surgical Planning

Once a tissue diagnosis is confirmed, a multidisciplinary 
approach that involves radiology, pathology, radiation 
oncology, medical oncology, and other fields as required, is 
recommended. If neo-adjuvant chemotherapy is adminis-
tered, repeat cross-sectional imaging should be performed 
to determine treatment response and the extent of the 
tumor. The common belief that neoadjuvant chemotherapy 
increases the resectability of extremity sarcomas by reduc-
ing tumor size, forming a pseudocapsule, and decreasing 
peritumoral edema has been recently challenged [19]. 
MRI-planned resections were shown to change meaning-
fully in inconsistent directions after chemotherapy, sug-
gesting that the planned resection can increase or decrease 
in size after treatment [19]. We prefer to use T1-weighted 
sequences to determine the tumor limits, as fluid-sensitive 
sequences tend to overestimate the tumor limits because of 
their susceptibility to inflammatory abnormalities [20, 21]. 
Feathery edema-like pattern seen on T2 imaging has been 
shown to correspond with tumor-negative areas, whereas 
bulky or thick edema appearance correlated with the pres-
ence of viable tumor cells (Fig. 1) [22]. We generally rec-
ommend adding a minimum margin of 20 mm on MRI to 
allow a safe histological margin.

Several classification systems based on the amount of 
bony resection and status of the deltoid muscle can be used 
to help guide endoprosthetic reconstruction. The Malawer 
classification is the most commonly used system and can 
generally be divided into intra-articular (Type I – III) and 
extra-articular resections (Type IV – VI) [23]. These resec-
tions can be further grouped into A and B depending on the 
preservation or resection or the deltoid muscle, respectively. 
Intra-articular spread along the joint capsule and biceps ten-
don is more common with proximal humeral malignancies 
than at other sites, which more commonly necessitates an 
extra-articular resection. Endoprosthetic reconstruction is 
usually indicated in Malawer Type I and can also be consid-
ered in Type V resections if there is sufficient glenoid bone 
stock (Fig. 2).
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Endoprosthetic Reconstruction

Anatomic Endoprostheses and APCs

Modular anatomic prostheses were previously the most 
widely used proximal humerus reconstruction technique 
due to availability, ease of use, and high implant survival 
rate [24, 25]. The prosthesis is cemented into the distal 
humerus and the residual soft tissues are attached to the 
prosthesis. It can be implanted with or without a function-
ing abductor mechanism (Malawer Type IA or IB). These 
prostheses had limited shoulder motion and functioned 
like a spacer to provide a stable platform for elbow and 
hand function (Table 1). In an older series of 100 patients, 
Kumar et al. found that the mean Musculoskeletal Tumor 

Society (MSTS) score to be 79%, but that shoulder abduc-
tion was limited to less than 45° in most patients [26]. 
Over the past two decades, there has not been significant 
improvement in range of motion or functional scores 
despite improvements in implant design [27–29]. Yang 
et al. found that patients had a mean abduction of 33.5° 
and MSTS score of 77% [27]. Böhler et al. compared ear-
lier implant designs to newer implant designs and found 
no significant difference between the mean MSTS score of 
73% and 80%, respectively [28]. Not surprisingly, range 
of motion and functional outcomes were improved with 
preservation of the deltoid and rotator cuff muscles and 
axillary nerve.

The revision-free implant survivorship of an anatomic 
proximal humeral endoprosthesis is high, ranging from 
70 to 100% at 5-years [1, 5, 26, 30]. The most common 

Fig. 1  Metastatic breast cancer 
lesion of the proximal humerus 
(A) T2 fat-saturated imaging 
demonstrates bulky edema in 
the joint and along the lateral 
cortex. B T1-weighted imag-
ing shows likely breach of the 
lateral cortex. The areas of 
bulky edema are isointense to 
the lesion (arrow), which is con-
cerning for viable tumor cells

Fig. 2  Malawer classification. 
The areas highlighted in red 
are to be resected. Type I and 
Type V resections are gener-
ally amenable to endoprosthetic 
reconstruction
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complication of the hemiarthroplasty was proximal migra-
tion and dislocation, occurring in 26% of patients [24]. This 
can be attributed to the resection of static and dynamic 
shoulder stabilizers needed to achieve adequate surgical 
margins. To minimize the risk of this complication, several 
authors have described using a synthetic mesh to improve 
the stability of the prosthesis [25, 31, 32]. In this technique, a 
polyester or polypropylene mesh is wrapped around the pros-
thesis and fixed to the remaining glenoid, shoulder girdle, or 
rotator cuff tendons with nonabsorbable sutures [25, 32]. In 
a comparative study between modular anatomic prostheses 
with and without the use of synthetic mesh, the addition of 
a synthetic mesh was found to significantly improve mean 

shoulder abduction (77° vs. 55°) and MSTS score (79% vs. 
66%) [25]. Furthermore, none of the patients with synthetic 
mesh reconstruction had proximal migration or prosthetic 
dislocation [25]. It should be noted that patients with endo-
prosthesis subluxation were historically not revised due to 
concern for repeat subluxation events secondary to lack of 
soft-tissue attachments [24]. Recent studies, however, have 
shown that revision with a reverse APC has been shown to 
effectively restore shoulder stability, range of motion, and 
function in these patients [33]. 

An anatomic APC is one alternative to an anatomic endo-
prosthesis for proximal humeral reconstruction. It usually 
involves cementing a long-stem hemiarthroplasty into a 

Table 1  Studies on anatomic endoprostheses or APCs

APC  allograft prosthetic composite, ROM  range of motion, FE  forward elevation, ER  external rotation, MSTS  Musculoskeletal Tumor Soci-
ety, ASES  American Shoulder Elbow Surgeon, NR none reported

Study Patients Mean 
Follow-
up
(years)

ROM (°) Function Complications

Endoprosthesis
 Cannon 2009 [29] 83 2.5 FE: 42 ± 26

Abd: 41 ± 21
MSTS: 63% ± 15% Instability: 27%

Infection: 2%
Revision: 2%

 Raiss 2010 [30] 39 3.2 FE: 34 (range, 0–90)
Abd: 33 (range, 0–90)
ER: 10 (range, 10–50)

MSTS: 63% (23 − 90%) Instability: 10%
Infection: 5%
Revision: 13%

 Fujibuchi 2015 [32] 21 1.6 Mesh - FE: 65, Abd: 40
No Mesh - FE: 35, Abd: 40

NR Instability: 0% (mesh) vs. 25% 
(no mesh)

Infection: 5%
Revision: 0%

 Tang 2015 [25] 29 3.8 Mesh - FE: 77 ± 26, ER: 73 
± 12

No Mesh - FE: 55 ± 21, ER: 56 
± 9

Mesh - MSTS: 79% ± 7%,
ASES: 85 ± 11
No Mesh – MSTS: 66% ± 11%,
ASES: 72 ± 17

Instability: 0% (mesh) vs. 33% 
(no mesh)

Revision: 0%

 Yang 2021 [27] 41 5 Abd: 34 (range, 5–71) MSTS: 77% Instability: 5%
Aseptic Loosening: 2%
Revision: 0%

 Houdek 2021 [39] 36 7 FE: 38 ± 27
ER: 17 ± 14

MSTS: 60% ± 13%
ASES: 55 ± 16

Instability: 37%
Infection: 3%
Fracture: 6%
Revision: 0%

APC
 Abdeen 2009 [34] 36 5 FE: 56 (range, 0–150)

Abd: 50 (range, 10–140)
MSTS: 87% (range, 67 − 100%) Instability: 17%

Delayed Union: 11%
Aseptic Loosening: 6%
Revision: 8%

 El Beaino 2019 [37] 21 8 FE: 92 ± 34 MSTS: 78% ± 15% Instability: 57%
Delayed Union: 47%
Graft Resorption: 43%
Fracture: 5%
Revision: 19%

 Houdek 2021 [39] 17 7 FE: 55 ± 31
ER: 21 ± 9

MSTS: 69% ± 15%
ASES: 60 ± 14

Instability: 69%
Graft Resorption: 47%
Fracture: 18%
Revision: 6%
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proximal humeral allograft, which is subsequently fixed to 
host bone using compression plating. This technique com-
bines the potential advantages of an allograft soft-tissue 
tendinous and capsular attachments with the benefits of a 
humeral prosthesis. Abdeen et al. reported on a series of 36 
patients who underwent anatomic APC and found a mean 
abduction of 50° and MSTS score of 87% with implant sur-
vivorship of 88% at 5-years [34]. Some studies have demon-
strated similar functional results and survivorship, whereas 
others have not [35–37]. El Beaino et al. found that the 
MSTS scores significantly deteriorated from 86% at 1-year 
follow-up to 78% at 5-year follow-up [37]. The authors 
surmised that a variety of delayed complications, such as 
resorption of the greater tuberosity and subsequent superior 
migration due to rotator cuff insufficiency [37]. Complica-
tions associated with this reconstructive technique were 
common and included instability (34%), allograft resorption 
(19%), nonunion (6%), and graft fracture/hardware failure 
(10%) [24]. 

Reverse Endoprostheses and APCs

Wide resection of the proximal humerus often necessi-
tates removal of a portion of the rotator cuff tendons. This 
makes the reverse endoprosthesis an ideal option for onco-
logic reconstruction because its semi-constrained design is 

inherently stable and resists proximal humeral migration. 
Furthermore, the reverse prosthesis increases the moment 
arm of the deltoid, allowing adequate power for eleva-
tion in the absence of a functional rotator cuff. Several 
comparative studies have demonstrated significantly bet-
ter motion and functional outcome scores among patients 
who underwent a reverse endoprosthesis than patients 
who underwent an anatomic endoprosthesis (Table 2) 
[38–41]. In a retrospective series, Houdek et al. found that 
patients with reverse endoprosthesis had significantly bet-
ter active forward elevation (76° vs. 38°), external rotation 
(27° vs. 17°), and MSTS scores (67% vs. 60%) than that 
of anatomic endoprostheses, but there was no difference 
in ASES scores or satisfaction rates [39]. Moreover, no 
patient with a reverse endoprosthesis had instability com-
pared to 37% of patients with an anatomic endoprosthe-
sis. Among patients with nonprimary malignancies of the 
proximal humerus, Sullivan et al. also showed that reverse 
endoprostheses had superior forward elevation (74° vs. 
32°), ASES (63 vs. 57), and MSTS (67% vs. 60%) scores 
[38]. Trikoupis et al. found similar results, demonstrat-
ing a significantly higher 5-year implant survivorship 
(87% vs. 68%) and improved range of motion and patient-
reported outcomes in patients with reverse endoprosthe-
ses [41]. Systematic reviews and meta-analyses have also 
shown superior functional outcomes with a reduction in 

Table 2  Studies on reverse endoprostheses or APCs

APC  allograft prosthetic composite, ROM  range of motion, FE  forward elevation, ER  external rotation, MSTS  Musculoskeletal Tumor Soci-
ety, ASES  American Shoulder Elbow Surgeon, SSV  Subjective Shoulder Value

Study Patients Mean Follow-
up (years)

ROM (°) Function Complications

Endoprosthesis
 Streitbuerger 2015 [44] 18 2.8 FE: 84 (range, 30–160)

ER: 35 (range, 15–50)
MSTS: 82% ± 11% Instability: 22%

Infection: 6%
Revision: 6%

 Trovarelli 2019 [45] 22 3 FE: 117 (range, 40–180)
Abd: 103 (range, 40–180)
ER: 58 (range, 45–75)

MSTS: 97% (87% − 100%)
ASES: 81 (range, 62–92)
Constant: 61 (range, 42–89)

Instability: 18%
Aseptic Loosening: 5%
Revision: 23%

 Houdek 2021 [39] 20 7.4 FE: 76 ± 38
ER: 27 ± 15

MSTS: 67% ± 10%
ASES: 61 ± 13

Instability: 0%
Infection: 5%
Revision: 0%

 Trikoupis 2022 [41] 19 5.2 FE: 90 ± 15
Abd: 80 ± 11

MSTS: 76% ± 8% Instability: 5%
Infection: 5%
Aseptic Loosening: 5%
Revision: 10%

APC
 Houdek 2021 [39] 10 7.4 FE: 100 ± 39

ER: 34 ± 11
MSTS: 80% ± 9%
ASES: 72 ± 10

Instability: 0%
Graft Resorption: 60%
Graft Fracture: 20%
Revision: 0%

 Callamand 2022 [49] 11 2.5 FE: 105 (range, 30–160)
ER: 23 (range, −20–80)

Constant: 49 (range, 24–75)
SSV: 52% (range, 30%–75%)

Instability: 9%
Graft Resorption: 64%
Revision: 9%
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complications when a reverse endoprosthesis is used com-
pared to an anatomic endoprosthesis [24, 42, 43]. As such, 
reconstruction using a reverse prosthesis has become our 
preferred technique following oncologic resection of the 
proximal humerus (Fig. 2).

Although the reverse semi-constrained design affords 
greater stability, the most common complication continues 
to be instability [24, 43]. In a case series of 18 patients who 
underwent a reverse endoprosthesis, Streitbuerger et al. 
reported that 4 (22%) patients had shoulder luxation, of 
which two resolved with intensive physiotherapy focused 
on strengthening the remaining shoulder musculature [44]. 
Similarly, in a study of patients with preserved deltoid func-
tion, Trovarelli et al. had 4 (18%) patients with dislocations 
at a mean time of 1 month that all required revision arthro-
plasty [45]. The main reason for dislocation was attributed 
to inadequate deltoid tension especially in longer resections 
that require detachment and reattachment of the deltoid 
[45]. Several systematic reviews have estimated the insta-
bility rate to be approximately 17–18% [24, 43]. Multiple 
surgical strategies can be employed to improve the stabil-
ity of the prosthesis in the setting of inadequate soft tissue 
tensioning. Increased tension and deltoid wrapping can be 
achieved by using an implant with a larger proximal body 
that replicates the greater tuberosity or an APC [46]. Gle-
nohumeral or acromiohumeral cerclage can also be utilized 
for recalcitrant instability by using multiple high-strength 
sutures to stabilize the humerus to either the glenoid or acro-
mion, respectively [47, 48]. 

Another reconstructive option for proximal humeral 
resections is the reverse APC. This reconstruction provides 
inherent stability from the reverse implants while also allow-
ing for bone stock restoration and soft tissue reconstruction. 
The cadaveric rotator cuff tendons can be directly repaired to 
the host rotator cuff, potentially improving shoulder range of 
motion [39]. Moreover, active forward elevation and external 
rotation may also be further improved by transferring the 
latissimus dorsi and teres major tendons to the posterolateral 
aspect of the humeral allograft (L’Episcopo procedure) [46]. 
At short-term follow-up, Houdek et al. found that patients 
with reverse APC had significantly better active forward 
elevation (100° vs. 76°), ASES (72 vs. 61), and MSTS (80% 
vs. 67%) scores than patients with a reverse endoprosthe-
sis [39]. Similarly, Callamand et al. reported a mean active 
forward elevation of 105° and external rotation of 23° in 
11 patients with a reverse APC at 2.5 year follow-up [49]. 
The L’Episcopo transfer was also shown to further increase 
active forward elevation (140° vs. 75°) and external rota-
tion (38° vs. 7°) [49]. Despite the promising initial results 
with reverse APCs, larger and long term follow-up stud-
ies are needed to determine if reverse APCs are superior to 
reverse endoprostheses. Complications associated with the 
allograft, such as resorption of the tuberosities and tendon 

attachments, may lead to a deterioration of functional results 
and instability as seen with anatomic APCs [37]. 

Traditionally, a nonfunctional deltoid due to axillary 
nerve or massive deltoid muscle resection was a contrain-
dication to a reverse endoprosthesis. The Bayley-Walker 
prosthesis is a highly constrained fixed-fulcrum reverse 
shoulder replacement that was designed to resist instabil-
ity due to loss of stabilizing structures and has been in use 
since 1994 [50]. The prosthesis features a highly conforming 
humeral component that almost circumferentially envelops 
the glenosphere. Early small case series with demonstrated 
good results with 71° of forward elevation, no dislocations, 
and 100% revision-free survivorship at mean follow-up of 4 
years [51]. However, more recent studies showed high rates 
of constrained mechanism failure (26%) or aseptic loosening 
(18%) without any functional benefit [50, 52]. 

Senior Authors’ Preferred Technique

At our institution, a multidisciplinary approach is utilized 
where the orthopaedic oncology surgeon resects the tumor 
and the shoulder-trained surgeon performs the reconstruc-
tion. We prefer to utilize reverse endoprosthesis as it pro-
vides superior functional outcomes when compared to an 
anatomic endoprosthesis [42, 43]. Furthermore, it is likely 
associated with longer implant survivorship compared to 
reverse APC due to avoidance of graft-related complica-
tions [37, 53]. 

Approach and Tumor Resection

The patient is positioned in the beach-chair with the entire 
arm prepared. The skin incision incorporates and removes 
the prior biopsy site. The approach is carried through the 
deltopectoral interval, excising a portion of the anterior del-
toid that was previously used for the biopsy tract. The extent 
of the resection is dictated by the pre-operative imaging and 
the extent of the tumor. The long head of biceps tendon is 
cut distally so that it is removed with the proximal humerus. 
The pectoralis major tendon insertion is then released, leav-
ing a small cuff on the bone for margins. The latissimus 
dorsi and teres major are similarly divided. The tendons are 
tagged with nonabsorbable suture for later reattachment to 
the prosthesis at the end of the procedure. The anterior cir-
cumflex vessels are suture ligated. The subscapularis and 
supraspinatus tendons are divided at the musculotendinous 
junction, ensuring an extra-capsular approach to the joint. 
The shoulder is then gradually dislocated by releasing the 
inferior and posterior capsule and soft tissues. The level of 
the planned humeral osteotomy is then carefully measured 
from the greater tuberosity or pectoralis major insertion if 
the tuberosity is affected based on preoperative imaging. 
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If the planned resection is below the level of the deltoid 
insertion, the deltoid is detached from the humerus, preserv-
ing its aponeurosis and fascia so that it can be reattached 
after reconstruction. A transverse humeral osteotomy is 
then made. The proximal humeral tumor specimen is then 
released from any remaining posterior soft tissues. It is ori-
ented, marked, and sent to pathology for fresh frozen sec-
tion. The marrow of the distal cut is also sent for fresh frozen 
section to ensure negative margins. Any further areas that 
appear suspicious of possible malignancy are also sent for 
laboratory examination. Once the pathologist confirms that 
the margins are negative, all gowns and gloves are changed 
to minimize the risk of tumor spread. A new back table con-
taining all reconstruction instruments is used.

Glenoid Reconstruction

The glenoid is carefully exposed as the bone quality may be 
poor due to inactivity or chemotherapy. In Malawer Type I 
resections (intra-articular), the glenoid is reamed to achieve 
neutral version and tilt. The baseplate is placed flush with 
the inferior glenoid rim to maximize impingement-free 
range of motion. A large diameter glenosphere is used to 
decrease the risk of dislocation. We generally aim to place 
the center of rotation at the patient’s native joint line. In 
Malawer Type 5 resections (extra-articular), the glenoid 
needs to be reconstructed to restore the center of rotation 
to the native joint line. At least 10–15 mm of the glenoid 
vault is recommended to allow for sufficient fixation of the 
glenoid component [54]. Our preferred option to achieve 
the lateralization is through the metallic baseplate and gle-
nosphere. In situations where a significant amount of the 
glenoid vault is planned to be resected, we elect to use a 
custom baseplate. Other previously described techniques 

include bony-increased offset reverse shoulder arthroplasty 
with use of iliac crest autograft or allograft [55]. 

Humeral Reconstruction

Several important parameters, including humeral length, 
retroversion, and fixation, require special consideration 
in reverse endoprosthetic reconstruction. Humeral length 
should be restored to the length measured before the resec-
tion to allow sufficient tensioning of the soft tissues. A mod-
ular endoprosthesis is used as it provides the surgeon more 
flexibility in altering length by modifying the intercalary 
segment, proximal body, or tray. Monobloc humeral stems 
are technically more challenging to implant, but avoid the 
risk of intra-component disassembly. The humeral trial is 
placed in 20° of retroversion as this has been previously 
described to have the greatest impingement-free external 
rotation with the shoulder adducted [56, 57]. The trial is 
then reduced with an appropriately sized polyethylene liner, 
ensuring excellent tensioning of the deltoid. For resec-
tions that continue to have a supportive diaphyseal isthmus 
after reaming, components are press fit (Fig. 3). However, 
for older patients with capacious canals and thin cortices, 
components are cemented (Fig. 4). In select cases where 
the resection leaves a non-supportive isthmus, compres-
sive osseointegration is used (Fig. 5). This technology pro-
vides secure, long-term anchorage by using a spring-loaded 
device to achieve compliant prestress fixation. Results in 
lower extremity endoprosthesis have demonstrated progres-
sive bone hypertrophy at the prosthetic interface and excel-
lent survivorship [58]. A polyethylene terephthalate mesh 
is secured around the humeral implant with nonabsorbable 
sutures to facilitate soft-tissue healing around the prosthe-
sis. The pectoralis major and deltoid, if detached due to a 

Fig. 3  48 year-old female with 
(A) metastatic breast cancer 
lesion of the proximal humerus. 
B Cementless reverse endopros-
thesis at 1-year follow-up
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Fig. 4  69 year-old female with (A) dedifferentiated chondrosarcoma 
of the proximal humerus with extension into the subdeltoid space. B 
T1-weighted image with contrast shows a large expansile lesion with-

out extension into the glenoid. C Cemented reverse endoprosthesis at 
1-year follow-up

Fig. 5  63 year-old male with 
(A  and B) undifferentiated 
pleomorphic sarcoma extending 
from the humeral shaft to the 
proximal humerus. The patient 
sustained a prior humeral 
shaft fracture that was treated 
with plate fixation. C Reverse 
endoprosthesis with compres-
sive osseointegration technique 
(arrow) used to achieve fixation 
in the distal humeral shaft
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long resection, are sutured to their anatomic insertions on 
the mesh and implant. The latissimus dorsi and teres major 
tendons are similarly sutured to the posterolateral aspect of 
the implant to potentially increase forward elevation and 
external rotation.

Postoperative Care

A 1-day regimen of postoperative intravenous cephalosporin 
is used for surgical prophylaxis [59]. Patients are placed in 
a shoulder immobilizer for 6 weeks to protect the soft tissue 
repairs. After 6 weeks, patients are gradually transitioned 
from passive to active range of motion. Strengthening is ini-
tiated 3 months after surgery. From an oncologic perspec-
tive, patients with bone sarcomas are followed with radio-
graphs, metal-suppressed MRI with and without contrast, 
and CT chest to evaluate for disease recurrence [60]. This 
is performed every 3 months for the first two years, every 6 
months until 5-years, and yearly until 10-years.

Conclusion

The anatomic endoprosthesis has traditionally been a suc-
cessful reconstructive option after tumor resection of the 
proximal humerus as it provided a stable platform upon 
which the hand and elbow could function. However, the 
reverse endoprosthesis has gradually replaced the ana-
tomic endoprosthesis given that its semi-constrained design 
affords greater stability. Moreover, there is improved motion, 
patient-reported outcome scores, and revision-free implant 
survivorship in patients with a reverse endoprosthesis com-
pared to those with an anatomic endoprosthesis. Shoulder 
function may be further improved with a reverse APC due 
to reconstruction of the rotator cuff tendons or by perform-
ing a tendon transfer to recreate the function of the pos-
terosuperior rotator cuff muscles. Despite promising results, 
neither the reverse endoprosthesis nor the reverse APC has 
long-term or large data and continued surveillance of their 
performance is necessary.
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