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Abstract The optimal method for reconstructing the
proximal humerus in patients with tumors is controversial.
To determine functional outcomes and complication rates
after different types of reconstructions, we reviewed a
consecutive series of 49 patients who underwent proximal
humerus resection and osteoarticular allograft (17 patients),
allograft-prosthetic composite (16), or endoprosthetic (16)
reconstruction. Operative indications included primary
malignancies (24 patients), metastatic disease (19), and
benign aggressive disease (six). Implant revision was more
common after osteoarticular reconstruction (five of 17)
than after allograft-prosthetic composite (one of 16) or
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endoprosthetic (zero of 16) reconstructions. At a minimum
followup of 24 months (median, 98 months; range, 24—
214 months) in surviving patients, Musculoskeletal Tumor
Society functional scores averaged 79% for the allograft-
prosthetic composite, 71% for the osteoarticular allograft,
and 69% for the endoprosthetic reconstruction cohorts.
Shoulder instability was associated with abductor mecha-
nism compromise and was more common after
endoprosthetic reconstruction. Allograft fractures occurred
in 53% of patients receiving osteoarticular allografts. We
recommend allograft-prosthetic composite reconstruction
for younger patients with primary tumors of bone and
endoprosthetic reconstruction for older patients with met-
astatic disease. Because of the unacceptable complication
rate, we do not recommend osteoarticular allograft recon-
struction for routine use in the proximal humerus.

Level of Evidence: Level III, therapeutic study. See the
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

The proximal humerus is a relatively common location for
primary and metastatic tumors of bone [2, 8, 9, 20, 26, 28,
31]. The increasing and often unpredictable longevity of
patients with metastatic disease [2, 19] coupled with
higher-than-expected failure rates after internal fixation
with or without intralesional treatment and radiotherapy
[11, 29, 30] has led to renewed interest in more aggressive
local control efforts through proximal humeral resection
and reconstruction. Compared with other anatomic regions,
the proximal humerus has had favorable functional results
and implant longevity profiles after endoprosthetic recon-
struction [18, 20, 28, 31].
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The most commonly used reconstructive techniques
after proximal humeral resection include osteoarticular
allografts [6, 7, 12, 13, 24, 25], allograft- or autograft-
prosthesis composites [3, 5, 15], and endoprosthetic
reconstruction [1, 4, 6, 8, 17, 18, 20, 24-26, 28, 31].
Alternative techniques include allograft arthrodesis,
Tikhoff-Linberg resection and modifications, claviculo pro
humero, vascularized fibula transfers, and concomitant
scapular replacement [21, 22, 25]. Because of decreased
technical complexity and anecdotally more favorable
results, we prefer the former techniques for cases in which
glenoid resection is not required, particularly if the axillary
nerve and/or rotator cuff can safely be preserved.

To determine which type of reconstruction might be most
appropriate for specific patients, we compared the functional
results, postoperative complications, and implant survival of
osteoarticular allograft (OA), allograft-prosthesis composite
(APC), and endoprosthetic (EP) reconstructions after
proximal humeral resection for treatment of primary and
metastatic bone tumors. We presumed biologic reconstruc-
tions (OA and APC) would have decreased implant
longevity because of an increased rate of major complica-
tions (eg, infection, fracture, nonunion) but would provide
superior functional results and joint stability.

Materials and Methods

We retrospectively reviewed patients who underwent
proximal humeral resection and reconstruction between
1989 and 2005. Forty-nine patients who underwent glenoid-
preserving segmental OA, APC, or EP reconstruction of the
proximal humerus for treatment of primary bone tumors or
metastatic disease with actual or impending pathologic
fracture were included in the study. We excluded patients
treated with internal or intramedullary fixation with or
without curetting of the lesion, arthrodesis, amputation, or
alternative techniques of reconstruction. The indication for
surgery was primary malignancy of bone in 24 patients
(12 chondrosarcomas, eight osteosarcomas, two primary
lymphomas of bone, one Ewing’s sarcoma, one leiomyo-
sarcoma), metastatic disease in 19 patients (eight renal
carcinoma, three breast, three lung, three multiple myeloma,
one colon, one melanoma), and benign aggressive disease in
seven patients (six giant cell tumors of bone, one renal
osteodystrophy). Seventeen patients underwent OA, 16
patients APC, and 16 patients EP reconstruction. Twenty-
nine patients were male and 20 were female, with a mean age
of 48.5 years (range, 10-80 years). All patients were fol-
lowed for a minimum of 24 months (median, 98 months;
mean, 113 months; range, 24—-214 months) postoperatively
unless death supervened. Institutional Review Board
approval was obtained before study initiation.
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Medical records were reviewed and abstracted data
included patient demographics, diagnoses, indications for
surgery, operative technique, humeral resection length as
measured from the tip of the greater tuberosity, postoper-
ative complications, reoperations, local recurrence, and
functional outcomes. Functional outcomes were assessed
using the Musculoskeletal Tumor Society (MSTS) func-
tional scoring instrument [10] (score of 0—30 and presented
here as a percentage; raw score/30), with subgroup analy-
ses performed on the basis of the initial reconstruction
technique (OA, APC, or EP), humeral resection length,
tumor diagnosis (metastatic disease versus primary tumor),
abductor compromise, and the presence of preoperative
pathologic fracture or prior surgery. The shoulder abductor
mechanism was considered compromised when the rotator
cuff or axillary nerve was sacrificed and/or greater than
50% of the deltoid was resected.

Power analysis revealed a sample size of 17 in the OA
control group with 16 patients in each of the comparative
treatment groups would provide only a 45% power to
detect a difference in implant survival outcomes based on
the log rank test, assuming a constant hazard ratio of 2.0
during followup and two-sided alpha of 0.05. This means
the study had a 45% chance of detecting a twofold increase
in the risk of implant revision for any reason between study
cohorts. Likewise (assuming 16 patients in each treatment
group and three groups), the study had a 74% power to
detect a difference in MSTS functional scores between
groups in one-way ANOVA, assuming the observed stan-
dard deviation of 10.7% for MSTS functional scores and a
two-sided alpha of 0.05. Power analysis calculations were
determined using PASS 2008 software package (NCSS,
Kaysville, UT).

Patients in the OA group were younger (p = 0.02) than
patients in the other groups, with mean ages of 36.5, 56.3,
and 53.6 years for the OA, APC, and EP cohorts, respec-
tively (Table 1). Fourteen patients (29%) sustained
pathologic fractures preoperatively and there was no major
difference between groups regarding pathologic fracture
rate. Overall, six patients (12%) had prior internal or intra-
medullary fixation of metastatic lesions and these patients
comprised a greater (p = 0.02) percentage of patients
undergoing EP reconstruction (31%) versus OA (6%) or
APC (0%). The mean humeral resection length was 13.8 cm
(range, 6-24 cm). The mean followup for surviving patients
was longer (p = 0.01) after OA than after APC or EP
reconstruction (154 months versus 82 and 34 months,
respectively). At the conclusion of the study period, 17 of
the 49 patients remained alive without evidence of disease
and two were alive with disease. Twenty-five patients died
of disease at a mean of 30.7 months postoperatively (range,
2-117 months), and five patients died of other causes at a
mean of 68.4 months (range, 19-132 months).
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Table 1. Summary data for all patients
Treatment factors and outcomes All OA APC EP p Value
Number of patients 49 17 16 16
Mean age (years) 48.5 36.5 56.3 53.6 0.01
Diagnosis

Primary 24 10 8 6 0.45

Metastatic 19 4 6 9

Benign 6 3 2 1
Pathologic fracture 14 (29%) 4 (24%) 4 (25%) 6 (35%) 0.67
Prior surgery 6 (12%) 1 (6%) 0 (0%) 5 (31%) 0.02
Mean resection length (cm) 13.8 15.1 12.5 13.6 0.14
Abductor compromised 9 (18%) 2 (12%) 1 (6%) 6 (38%) 0.09
Patients with complications 25 (51%) 11 (65 %) 7 (44%) 7 (44%) 0.38
Mean MSTS score 73% 71% 79% 69% 0.008
Final patient status

DOD 25 7 6 12

DOC 5 0 1

AWOD 17 9 6 2

AWD 2 1

OA = osteoarticular allograft; APC = allograft-prosthesis composite; EP = endoprosthesis; MSTS = Musculoskeletal Tumor Society;
DOD = died of disease; DOC = died of other causes; AWOD = alive without disease; AWD = alive with disease.

All surgical procedures were performed by a fellow-
ship-trained musculoskeletal oncologist. Except in rare
instances in which biopsy sites or soft tissue extension of
tumor was prohibitive, an anterior transdeltoid approach
(paralleling the deltopectoral approach through the ante-
rior %5 of the deltoid) was used and biopsy tracks, when
present, were elliptically excised en bloc with the speci-
men. The humeral diaphysis was isolated and cut distally
using an oscillating saw at a point at least 2 cm from the
distal extent of the lesion. The lesion was measured on a
coronal MR image from the tip of the greater tuberosity,
which was localized intraoperatively through direct pal-
pation or observation. If possible, based on the length of
resection, the distal deltoid insertion was preserved.
Cancellous bone was curetted from the medullary canal
distal to the diaphyseal osteotomy and sent for intraop-
erative frozen section to confirm a negative margin. The
humerus then was dissected circumferentially with a cuff
of normal muscle tissue. Except in rare instances in which
prior surgery or tumor proximity required sacrifice, the
rotator cuff was preserved and released from near its
insertions on the native humerus for later reattachment to
the reconstruction. Likewise, the axillary nerve was pre-
served when practical, particularly in patients with
metastatic disease undergoing palliative surgery. No other
major nerves were sacrificed in any patient. We measured
the resected specimen on the back table to estimate the
required replacement length, after which it was sent for
pathologic analysis.

Bulk allografts (OA and APC) were templated and
ordered preoperatively from a well-established tissue bank
(University of Miami Tissue Bank, Miami, FL). After
aseptic recovery and processing, all allografts for OA
reconstructions were cryopreserved by slow-freezing with
dimethyl sulfoxide and maintained at —150°C in liquid
nitrogen vapor to optimize articular cartilage integrity, and
all APC allografts were fresh-frozen. No grafts were sec-
ondarily sterilized with chemicals or radiation. All EP
reconstructions were performed with Global Modular
Replacement System'™ endoprostheses (Stryker Ortho-
paedics, Mahwah, NJ) and APC reconstructions used either
the Neer®™ II (Smith and Nephew, Inc, Memphis, TN) or
Solar™ (Stryker) prostheses. All EP reconstructions were
cemented using second- or third-generation techniques, and
APC reconstructions were sequentially cemented first into
the allograft and subsequently into the remaining host
distal humerus without supplemental plate fixation. Com-
pression plate and screw fixation was used for all OA
reconstructions. Plate stabilization was performed along
the entire length of the graft while seeking to minimize the
total number of screws in the graft without intramedullary
cementation. The capsule and rotator cuff tendons were
repaired directly to their allograft counterparts (OA and
APC) in a “pants over vest” (native tendon over allograft)
fashion or to the prosthesis using Number 5 braided nylon
suture (EthibondTM; Ethicon, Inc, Somerville, NJ) with the
glenohumeral joint in abduction. When practicable, the
rotator cuff and capsule were closed in separate layers.
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When the capsule and/or rotator cuff were deficient, this
repair was augmented with 5-mm woven polyester tape
(Mersilene™; Ethicon) and/or fresh-frozen fascia lata
allograft. The long head of the biceps tendon was routinely
resected and tenodesed distally to the adjacent soft tissue.
If the distal deltoid tendon had been released, this was
reconstructed to its allograft counterpart or the prosthesis
with Mersilene™ tape and Number 5 Ethibond™ suture.
Implant fixation and soft tissue reconstruction techniques
generally were consistent throughout the study period as
described previously. The specific reconstruction technique
for each patient was not standardized and was selected by
the attending surgeon based on individual patient charac-
teristics and the putative need for postoperative
radiotherapy and after counseling patients regarding the
risks, benefits, and alternatives to each method.

We used postoperative radiotherapy only in patients with
metastatic disease based on the margin of resection; patients
with marginal or intralesional excisions generally received
postoperative radiotherapy whereas those with negative
final margins (wide excisions) did not. Two patients in the
OA, two patients in the APC, and five patients in the EP
groups received postoperative external beam radiotherapy.
One patient in the APC group and four patients in the EP
group had received radiation therapy before surgery.

Descriptive statistics were performed for all groups.
Implant survivorship was assessed using the Kaplan-Meier
method [16], which assumes censored patients (those dying
of disease or other causes or lost to further followup)
continued to fail at the same rate as those remaining in the
analysis with differences in survival assessed by the log
rank (Mantel-Cox [23]) test. Frequency analysis of com-
plications and confounding variables was determined by
chi square analysis (eg, total complications and complica-
tions requiring reoperation) or Fisher’s exact test (eg,
diagnoses, preoperative pathologic fractures, prior surgery,
abductor compromise, prosthesis revision, postoperative
infection, fracture, instability, nonunion, or hematoma, and
frequency of patients with multiple complications). Dif-
ferences between cohorts in potentially confounding
continuous variables (humeral resection length, patient age,
duration of followup) and in MSTS functional scores were
analyzed using one-way ANOVA. All p values reported are
two-tailed. Analysis was performed using SPSS® Version
15.0 (SPSS Inc, Chicago, IL).

Results

The Kaplan-Meier 5-year implant survival estimates, with
revision for any reason as the end point (p = 0.07), were
56%, 91%, and 100% for the OA, APC, and EP cohorts,
respectively (Fig. 1). Implant revision was more common
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Fig. 1 The Kaplan-Meier implant survivorship estimate curves with
revision for any reason as the end point show an apparent difference
(p = 0.07) in revision rates at 5 years for OA (56%; 95% confidence
interval, 26%-86%), compared with APC (91%; 95% confidence
interval, 74%—-100%) and EP (100%; 95% confidence interval, not
applicable) reconstructions. Inverted triangles (OA), plus signs
(APC), and solid circles (EP) along the curves represent patients
censored owing to patient death or loss to followup.

(p = 0.03) in the OA cohort, with five patients in the OA
(four patients had revision to an APC for fracture, one
patient had revision to an EP for infection) and one patient
in the APC cohorts (revision to an EP for infection)
requiring revision of their implants. The diagnoses of
patients requiring implant revision were chondrosarcoma
(three patients, including the APC cohort revision), osteo-
sarcoma (one), giant cell tumor (one), and metastatic lung
cancer (one). There were no cases of aseptic loosening in
either the APC or EP groups, and no patient in the EP
cohort required implant revision for any reason.
Excluding local disease recurrence, postoperative com-
plications occurred in 25 patients (51%), with 16 patients
(33%) experiencing complications requiring operative
intervention (Table 2). Including late revisions, complica-
tions requiring reoperation occurred in eight patients (47%)
of the OA group, compared with only four patients each
(25%) in the APC and EP groups. Five patients (29%)
experienced multiple complications after OA reconstruc-
tion. Specifically, allograft fracture occurred in nine
patients (53%) in the OA cohort, including six episodes of
humeral head fragmentation and four fractures of the graft
body with one patient sustaining both types of allograft
fracture. One patient in the APC cohort had an allograft
fracture, and no patient in the EP cohort experienced
prosthesis or periprosthetic fracture. One patient in the OA
cohort underwent radial nerve exploration and neurolysis
for a transient postoperative palsy (attributed to an
offending screw, which was removed) and another
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Table 2. Summary of complications and reoperations

Complications OA APC EP p Value

Number of patients 17 16 16
11 (65%) 7 (44%) 7 (44%) 0.38
8 (47%) 4 (25%) 4 (25%) 0.29

Total complications

Patients with complications
requiring reoperation

Prosthesis revision

5(29%) 1(6%) 0(0%) 0.03

Infection 2 (12%) 2 (13%) 0 (0%) 0.45
Superficial 1 (6%) 0 (0%)
Deep 1(6%) 2 (13%)

Fracture 9 (53%) 1(6%) NA 0.0002
Humeral head fracture 6 (35%) NA

Graft body fracture 4 (24%) 1 (6%)

Instability 3(18%) 3 (19%) 5 (31%) 0.63
Subluxation 3(18%) 3 (19%) 2 (13%)
Dislocation 0(0%) 0(0%) 3 (19%) 0.03

Nonunion 1(6%) 1(6%) NA 0.74

Bleeding/hematoma 0(0%) 0(@0O%) 2 (13%) 0.10

Patients with multiple 529%) 0(0%) 0(@0%) 0.008

complications

OA = osteoarticular allograft; APC = allograft-prosthesis compos-
ite; EP = endoprosthesis; NA = not applicable.

underwent irrigation and débridement of a superficial
infection, which subsequently resolved. Nonunion devel-
oped in one patient in the OA cohort (who also sustained a
fracture of the allograft body and had not received radio-
therapy) and one patient in the APC cohort (who had
received preoperative radiotherapy). The mean time to
union was 10.3 months (range, 8—14 months) in the OA
group and 9.1 months (range, 6—12 months) in the APC
group. Subluxation occurred in three patients in the OA
(18%) and APC (19%) cohorts versus two patients in the
EP cohort (13%), with three additional patients (19%) in
the EP cohort requiring reoperation for overt dislocation.
Only one patient in the OA cohort required reoperation for
retensioning and augmenting of the shoulder capsule and
rotator cuff. No patient in the APC cohort required reop-
eration for instability-related complications. Three patients
(13%) with primary tumors of bone, two in the OA cohort
and one in the APC cohort, experienced soft tissue local
recurrence of disease requiring reexcision. No patient
underwent amputation for either local recurrence or post-
operative complications, and no reconstructions were
revised because of local recurrence.

The mean MSTS functional score at last followup for all
groups was 73%. The MSTS functional scores for the APC
cohort (79%) were greater (p = 0.008) than those of the
OA (71%) and EP (69%) cohorts. Abductor function was
better (p = 0.02) after APC reconstruction, with abduction
to 90° or greater achieved after seven OA (41%), 12 APC
(75%), and four EP (25%) reconstructions. There was no

difference in mean humeral resection length between
cohorts (p = 0.14). We found no relationship between
history of a pathologic fracture (p = 0.49) or prior surgery
(p = 0.12) and subsequent MSTS scores. The abductor
mechanism was compromised in nine patients, with a
greater (p = 0.04) percentage of these patients comprising
the EP (38%) than the APC cohort (6%). The mean MSTS
scores were similar (p = 0.07) for patients with an intact
versus compromised abductor mechanism (74% versus
68%) and for patients with primary tumors of bone
(p = 0.09) versus those with metastatic disease (75%
versus 70%). Abductor mechanism compromise consisted
of rotator cuff and axillary nerve sacrifice in one patient
each from the OA cohort, one rotator cuff resection in the
APC cohort, and five rotator cuff resections and one total
abductor resection (rotator cuff and greater than 50% of
deltoid with axillary nerve sacrifice) in the EP group.
Abductor mechanism competence was associated with
greater (p = 0.02) shoulder stability, with subluxation or
dislocation occurring in five of nine patients (56%) with
compromised abductors, compared with only six of 40
patients (15%) with intact abductor mechanisms.

Discussion

The optimal reconstructive technique after proximal
humerus resection is controversial. We sought to evaluate
the outcomes and complications of three of the more
common reconstructive techniques by means of a retro-
spective cohort study to further elucidate the best
technique(s) for individual patients. We hypothesized
allograft (OA and APC) proximal humerus reconstructions
would have decreased implant longevity as compared with
EP reconstructions because of an increased rate of major
complications requiring revision, but the biologic tendon
and capsular reconstructions afforded by allograft soft tis-
sue attachments would result in superior patient function
and joint stability.

Although our hypotheses generally were confirmed by
our study, they must be interpreted in light of our study
limitations. This study was retrospective and the study
period included a relatively broad time frame. As such,
patient selection between reconstruction cohorts was not
standardized. OA reconstructions generally were per-
formed earlier during the study period as we became
increasingly aware of the high complication rate associated
with this technique. Despite the longer followup in the OA
cohort, all revision procedures were performed within
5 years of the index reconstruction. The younger patient
age and slightly greater number of primary tumors in the
OA cohort might be expected to improve functional out-
comes in this group. However, the generally even
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distribution of diagnoses among treatment cohorts might
limit potential bias regarding the self-fulfilling prophecy of
favoring outcomes with a specific technique for a specific
diagnostic group. Although the numbers of patients in each
cohort and the study as a whole are relatively small, these
numbers are comparable or greater than in previous reports
of OA and APC reconstructions and all three treatment
cohorts contained comparable numbers of patients.
Although we believe our key study findings generally are
applicable to similar diverse groups of patients, the limited
number of patients precluded meaningful multivariable
analyses of functional outcomes and complications, which
might have shed further light on potential biases resulting
from differences in confounding variables between cohorts
(eg, diagnosis, abductor mechanism competence, humeral
resection length, pathologic fracture, prior surgery, preop-
erative or postoperative radiotherapy).

We found 5-year Kaplan-Meier implant survival esti-
mates, with revision for any reason as the end point, of
56%, 91%, and 100% for the OA, APC, and EP groups,
respectively. This did not reach the arbitrary statistical
significance cutoff of p = 0.05 in log rank analysis
(p = 0.07), but our study was underpowered to detect a
twofold difference in implant survival (1 — B = 45%).
However, revision surgery was more common (p = 0.03)
in the OA group. In previous reports of OA graft survi-
vorship, Getty and Peabody [13] found 68% Kaplan-Meier
graft survival at 5 years, and Gebhardt et al. [12] reported
80% actuarial graft survival at a mean followup of
63 months. Actuarial survivorship from small series of
APC reconstructions has ranged from 83% of six patients
at 55 months [3] to 100% of four reconstructions at
26 months [15]. Our implant survivorship rate of 100% for
EP reconstructions is slightly greater than the reported
range of 70% at 5 years [26] to 86.5% at 20 years [18].
Although prior comparative studies are lacking, the implant
survivorship findings in our study are thus consistent with
those previously reported.

Major complications requiring reoperation (including
deep infection, symptomatic instability, fracture, and
aseptic loosening) occurred in 47% of the OA group,
compared with only 25% each in the APC and EP groups.
Author enthusiasm for OA reconstructions has varied, with
major complication rates commonly exceeding 45% [6, 12,
13, 24]. Fracture of the graft body and, in particular,
fracture or fragmentation of the humeral head frequently
has been problematic, occurring in 25% to 67% of cases [6,
12, 13, 24]. Although not always symptomatic, humeral
head collapse causing declining OA reconstruction func-
tion with time also has been noted [13, 24, 25]. DeGroot
et al. [7] proposed filling grafts with cement for fracture
prevention, but fractures still occurred in 18% of patients in
their series, and this technique may complicate subsequent

@ Springer

revision surgery. Although dislocation rates as much as
50% have been reported for OA reconstructions [13], our
series had generally favorable joint stability after OA and
APC reconstruction. However, because of the considerable
complication rate related to fracture and fragmentation in
our series, we concur with previous authors’ recommen-
dations [13, 25] and caution against routine use of OA
proximal humerus reconstructions.

Although OA reconstruction resulted in high complica-
tion rates in our series, APC and EP reconstructions
provided some clear advantages. In comparison to OA
reconstructions, APC reconstructions may afford lower rates
of host-graft nonunion and graft body fracture while
avoiding humeral head fragmentation [14, 22, 27]. We noted
a lower rate of reoperation and revision after APC recon-
struction. Likewise, the high cumulative risks of infection,
nonunion, and fracture associated with OA and APC
reconstructions are largely avoided with EP reconstructions
[14, 22, 27]. However, instability has been reported in as
many as 55% of EP reconstructions [18, 24] with frank
dislocation observed in 10% to 14% [1, 25, 26]. The rates in
our series for instability and frank dislocation of 31% and
19%, respectively, are consistent with these reported rates.

Functional outcomes as assessed by MSTS functional
scores were greater (p = 0.008) in the APC cohort than in
the OA and EP groups (79% versus 71% and 69%,
respectively) in our study. Two previous reports of func-
tional outcomes after OA reconstruction found mean
MSTS functional scores of 70% [13] and 71% [24],
respectively, which are equivalent to our results. Previous
reports of APC proximal humerus reconstructions have
been limited, with only two case series reporting functional
outcomes. Black et al. [3] reported generally favorable
results in six patients, with a mean MSTS score of 74%,
and Jensen and Johnston [15] reported on 11 patients with
autoclaved APCs and four patients with APCs, with the
ability to abduct to greater than 80° in the majority of
patients. Our results are consistent with this, with abduc-
tion to 90° or greater in 75% of patients receiving APC. EP
proximal humerus reconstructions have had reported
MSTS scores ranging from 61% to 87%, which are con-
sistent with our mean score of 69% [20, 24]. As noted,
meaningful subgroup analysis of our instability rates and
functional outcomes based on confounding variables was
not possible because of the small number of patients in
each cohort. However, we did not find a major effect of
abductor mechanism competence or metastatic disease
diagnosis on MSTS scores. We found good functional
results and an acceptable complication rate after APC
reconstruction and reasonable function and excellent
implant longevity with a similar complication rate after EP
reconstruction. However, OA resulted in an unacceptably
high rate of complications and reoperations, with no
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functional advantage over EP and worse functional results
than APC. In general, we recommend APC reconstruction
for younger patients with primary tumors of bone. For
patients with metastatic disease, EP reconstruction is
technically less challenging and provides acceptable and
reproducible results, with implant longevity likely to
exceed that of the patient. We cannot recommend OA for
routine use in the proximal humerus.
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