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Extra-articular shoulder resections:
outcomes of 54 patients
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Background: The survival of patients with tumors around the shoulder treated with extra-articular resec-
tion, the rates of reconstructions-related complications, and the function of the shoulder cannot be estimated
because of limited available data from mainly small published related series and case reports.
Methods: We studied 54 patients with tumors around the shoulder treated with extra-articular shoulder
resections and proximal humeral megaprosthetic reconstructions from 1985 to 2012. Mean tumor volume
was 549 cm3, and the mean length of the proximal humeral resection was 110 mm. Mean follow-up was
7.8 years (range, 3-21 years). We evaluated the outcomes (survival, metastases, recurrences, and func-
tion) and the survival and complications of the reconstruction.
Results: Survival of patients with malignant tumors was 47%, 38%, and 35%, at 5, 10, and 20 years,
respectively. Rates for metastasis and local recurrence were 60% and 18.5%, respectively. Survival was
significantly higher for patients without metastases at diagnosis, tumor volume <549 cm3, and type IV re-
sections. Survival of reconstructions was 56% at 10 years and 48% 20 years. Overall, 19 patients (35.2%)
experienced 30 complications (55.5%), the most common being soft tissue failures that required subse-
quent surgery without, however, implant removal. The mean Musculoskeletal Tumour Society score was
25 points, without any significant difference between the types of extra-articular resections.
Conclusion: Tumor stage and volume as well as type of resection are important predictors of survival of
patients with malignant tumors around the shoulder. Survival of the reconstructions is satisfactory; nev-
ertheless, the complication rate is high. The Musculoskeletal Tumour Society score is similar with respect
to the type of resection.
Level of evidence: Level IV; Case Series; Treatment Study
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Tumors around the shoulder account for approximately one-
third of all tumors10,28,39; the proximal humerus, scapula, and
clavicle are the most common sites.47 Until the 1970s, fore-
quarter amputations and shoulder disarticulations were the
treatment of choice for most patients with malignant tumors
of the shoulder.47 Current advances in imaging, surgery, and
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adjuvant treatments have enabled limb salvage surgery for 80%
to 95% of these patients.2,47 A forequarter amputation is in-
dicated for tumors involving the neurovascular bundle, for
recurrent tumors, when bypass surgery cannot be per-
formed or wide repeat resection is not feasible, and for failed
limb-salvage resections and reconstructions.8,23-25,28,30,31,33

Partial scapulectomy was first reported by Liston in 1819
for an ossified aneurysmal tumor. Most shoulder girdle re-
sections since then were done for low-grade tumors of the
scapula and periscapular soft-tissue sarcomas.27-29 Wide (mi-
croscopically negative) resection of a sarcoma that extends
to the shoulder joint requires an extra-articular glenohu-
meral joint resection.8,23-25,28,30,31,33 Total scapulectomy and extra-
articular resection of the glenohumeral joint by an osteotomy
inferior to the glenohumeral capsule indicates the Tikhoff-
Linberg resection.

After the initial description of the Tikhoff-Linberg resec-
tion for osteosarcoma and Ewing sarcoma of the proximal
humerus and scapula in the 1980s, modifications of the typical
procedure have been developed.1,3,9,11,14,15,17,21,27,29,32,34-36,38,42-46

The typical Tikhoff-Linberg resection does not preserve the
deltoid or trapezius muscles; however, to provide adequate
soft tissue coverage for the scapular prosthesis, these muscles
must be retained (modified Tikhoff-Linberg resection).24,27,29,32

Another important modification has been the excision of only
the lateral part of the scapula, whenever possible.8,28

Malawer et al28 described 3 techniques for intra-articular
shoulder resections (types I, II, and III) and 3 for extra-
articular (Tikhoff-Linberg) shoulder resections (Fig. 1). After
extra-articular resection, reconstruction options include
megaprosthetic or osteoarticular allografts, or both.6-8,19,40

The extent of tumor resection and remaining muscles for

Figure 1 An illustration shows the types of intra-articular (types I, II, and III) and extra-articular (Tikhoff-Linberg) shoulder resections
(types IV, V, and VI) according to Malawer et al.28 Type I includes intra-articular proximal humeral resection, type II includes partial scap-
ular resection, type III includes intra-articular total scapulectomy, type IV includes extra-articular total scapulectomy and humeral head resection,
type V includes extra-articular proximal humeral and glenoid resection, and type VI includes extra-articular total scapulectomy and proxi-
mal humeral resection. Each type is divided into a subtype A or B depending on whether the abductor muscles are retained (subtype A) or
resected (subtype B) with the tumor specimen.
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reconstruction indicate the degree of shoulder motion and
function.28

The survival of patients with tumors around the shoulder
girdle treated with extra-articular resection, the rates of
reconstruction-related complications, and the function of the
shoulder cannot be estimated because of limited available data
from mainly small published related series and case
reports.8,15,16,22,26,28,30-32,42 Therefore, to enhance the literature,
we performed this study of patients with tumors around the
shoulder treated with extra-articular shoulder resection and
megaprosthetic reconstructions to evaluate the outcome of the
patients (survival, metastases, recurrences, and function) and
the survival and complications of the reconstructions.

Materials and methods

We retrospectively studied the files of 54 patients with aggres-
sive benign and malignant bone (50 patients) and soft-tissue (4 patients)
tumors around the shoulder girdle treated with extra-articular shoul-
der resection and megaprosthetic reconstruction from January 1985
to August 2012. There were 34 male and 20 female patients with a
mean age of 46 years (range, 15-84 years). Tumor location was the
proximal humerus in 33 patients, the scapula in 17, and the soft tissue
around the shoulder joint in 4 (Table I). The most common present-

ing symptom was pain with swelling and functional limitation of the
shoulder; 3 patients presented with a pathologic fracture.

Indications for extra-articular resection were (1) tumors of the
scapula, proximal humerus, lateral clavicle, or periscapular soft tissue
with invasion of the subchondral bone, joint capsule, synovial mem-
brane, or the entire joint as evident on staging imaging (43 patients),
and (2) patients with malignant tumors and lung metastases who
refused a forequarter amputation (11 patients). Contraindication for
extra-articular resection was tumor involvement of the axillary neu-
rovascular bundle. The mean follow-up was 7.8 years (range, 3-21
years). Follow-up was 3 to 5 years in 35 patients, 5 to 10 years in
7, 10 to 20 years in 9, and more than 20 years in 3. No patient was
lost to follow-up. No patient was specifically recalled for the purpose
of this study. All data were retrieved from patient files and surgi-
cal reports. At admission, all patients gave written informed consent
for their data to be included in this study.

All patients had preoperative staging13 with radiographs and mag-
netic resonance imaging (MRI) of the shoulder, computed tomography
(CT) of the chest, and bone scan, followed by CT-guided needle
biopsy for histologic diagnosis of their tumors. Adjuvant treat-
ments, including chemotherapy or radiotherapy, or both, were
administered to patients with malignant tumors according to the his-
tology and grade of the tumor.

Tumor volume was measured on coronal, transverse, and sag-
ittal MRIs. The maximum height, width, and depth were recorded,
and the volume was calculated using the formula of an ellipsoid mass
volume (tumor volume = [π/6] × height × width × depth).41 The mean
tumor volume of the patients in this series was 549 cm3 (range,
9-2571 cm3).

Extra-articular shoulder resection consisted of a type IV resec-
tion in 14 patients, a type V resection in 21 (including the 3 patients
with aggressive benign tumors), and a type VI resection in 19.28 Re-
section types were further classified as typical Tikhoff-Linberg
resections (Malawer types IV and VI) and modified Tikhoff-Linberg
resections (Malawer type V). A modified Tikhoff-Linberg resection
was indicated when the tumor abutted or involved the shoulder joint,
without or with minimal invasion of the glenoid. The mean length
of proximal humeral resection was 110 mm (range, 50-230 mm).

In all patients, the deltoid muscle and rotator cuff was resected
en bloc with the tumor specimen, aiming for wide (microscopical-
ly negative) resection margins; if a small cuff of deltoid muscle was
spared, it was used as a soft tissue envelope and was not reat-
tached. The radial nerve was sacrificed in 6 patients, and the
musculocutaneous and median nerves were sacrificed in 1 patient
each. Reconstruction after extra-articular resection was done in all
patients with a modular proximal humerus megaprosthesis (ce-
mented in 33 patients and cementless in 21) that was sutured and
suspended from the remaining clavicle in 33 patients or the scapula
in 21 patients with nonabsorbable No. 5 Ethibond (Ethicon, Somer-
ville, NJ, USA) transosseous sutures (47 patients) and an artificial
mesh (7 patients). The scapula was not replaced in any of the pa-
tients. After megaprosthetic reconstruction, the remaining muscles,
including the long head of the biceps muscle, pectoralis major and
minor muscles, and triceps muscle were sutured and approxi-
mated to cover the implants and restore stability.

Histologic examination of the excised tumor specimens showed
wide or marginal resection margins (microscopically negative) in
47 patients, and marginal (3 patients) or intralesional (1 patient) re-
section margins (microscopically positive) in 4 patients.

Postoperative follow-up evaluation was done every 3 months for
the first 2 years, every 6 months for the next 3 years and annually

Table I Details of the 54 patients included in this series

Variable Patients

No. (%)

Gender
Male 34 (63)
Female 20 (37)

Tumor location
Proximal humerus 33 (61)
Scapula 17 (31)
Soft tissue around the shoulder 4 (7)

Diagnosis
Chondrosarcoma 22 (41)
Osteosarcoma 15 (28)
Metastasis 6 (11)
Synovial sarcoma 2 (4)
Angiosarcoma 1 (1.8)
Fibrosarcoma 1 (1.8)
Pleomorphic sarcoma 1 (1.8)
Lymphoma 1 (1.8)
Liposarcoma 1 (1.8)
Ewing sarcoma 1 (1.8)
Giant cell tumor 1 (1.8)
Aggressive fibromatosis 1 (1.8)
Chondroblastoma 1 (1.8)

Stage*

Stage 3 3 (5.5)
Stage IIB 40 (74)
Stage III 11 (20)

* Enneking staging system for musculoskeletal tumors.13 (Stage 3 refers
to the three patients with benign bone tumors. Stage IIB and III refer
to the patients with malignant tumors.)
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thereafter for the patients with malignant tumors. The follow-up eval-
uation was done every 6 months for the first 3 years and annually
thereafter for the patients with aggressive benign tumors. The follow-
up evaluation included clinical examination, radiographs, MRI or
CT scan, or both, of the shoulder. A chest CT was done every 6
months for the first 3 years and then annually for the patients with
malignant tumors.

The outcome of the patients (survival, local recurrences, metas-
tases, and function) and the survival and complications of the
reconstructions were evaluated at each follow-up examination and
at the last follow-up for the purpose of this study. The patients were
classified as no evidence of disease (NED), alive with disease (AWD),
or dead of the disease (DWD).

Categoric variables are expressed as the number of occur-
rences and percentage of the total patients in a category. Survival
was analyzed using the Kaplan-Meier analysis.20 The curves were
compared with a log-rank test,37 where the starting point was surgery
and the end point was the occurrence of death for the patients or
revision and forequarter amputation for the megaprostheses. Pa-
tients who died with their implants in place were censored.

Multivariate analysis was performed to examine independent risk
factors for survival using the Cox regression model with a step-
wise forward procedure,20 and tumor stage for malignant tumors
(Enneking stage13 IIB vs. stage III), tumor volume (<549 cm3 vs.
>549 cm3, which was the mean tumor volume of the patients in this
series), and resection type (typical vs. modified Tikhoff-Linberg re-
section). Reconstruction-related complications were classified
according to Henderson et al18 into failures of the soft tissues around
the implant (type 1), aseptic loosening of the implant (type 2), struc-
tural fracture (type 3), infection (type 4), and tumor recurrences (type
5). Function was compared to the contralateral upper extremity and
evaluated with the Musculoskeletal Tumor Society (MSTS) func-
tional rating system,12 which is the most commonly used system for
evaluation of function in tumor patients that enables results between
studies to be compared. Data were recorded in an Excel 2010 spread-
sheet (Microsoft Corporation, Redmond, WA, USA) and analyzed
using MedCalc Software 11.1 (MedCalc Software, Mariakerke,
Belgium).

Results

Survival of the patients with malignant tumors was 47%, 38%,
and 35%, at 5, 10, and 20 years, respectively (Fig. 2). At the
last follow-up, 16 patients had NED, 2 patients were AWD,
and 33 patients were DWD. The 3 patients with benign tumors
had NED. Survival of the patients with malignant tumors was
statistically significantly higher for the patients without me-
tastases at diagnosis than for the patients with metastases at
diagnosis (P < .0001, Fig. 3) and for the patients with tumor
volume <549 cm3 compared with the patients with tumor
volume >549 cm3 (P = .0011, Fig. 4). Survival of the pa-
tients with malignant tumors was not statistically significantly
different with respect to the histology of the primary tumors
(P = .3289) and the type of extra-articular resection (typical
or modified Tikhoff-Linberg resection, P = .4723). By direct
comparison of the survival with respect to the types of extra-
articular resection, survival was statistically significantly higher
for the patients who had a type IV compared to a type V

(P = .0334) or a type VI (P = .0359) resection (Fig. 5). Mul-
tivariate Cox regression analysis showed that tumor stage and
volume as well as type of resection were important predic-
tors of survival of the patients with malignant tumors (Table II).

The metastasis rate of the 40 patients with malignant tumors
without a metastasis at diagnosis (stage IIB) was 60%, and
24 of these patients experienced a lung metastasis at a mean
of 1.5 years (range, 2.5 months-3.5 years) after diagnosis and
treatment. These patients were treated with metastasectomy,
radiotherapy, chemotherapy, or a combination. At the last
follow-up, 3 of the 24 patients with malignant tumors without
a metastasis at diagnosis (stage IIB) were NED and 21 were
DWD. All patients with malignant tumors with a metastasis
at diagnosis (stage III) were DWD.

Survival of the reconstructions was 56% at 10 years and
48% at 20 years (Fig. 6). Overall, 19 patients (35.2%) ex-
perienced 30 complications (55.5%) at a mean of 1.4 years
(range, 1 month-5 years) after treatment (Table III). Soft tissue

Figure 2 A Kaplan-Meier survival curve shows the survival of
patients with malignant tumors was 47%, 38%, and 35% at 5, 10,
and 20 years, respectively.

Figure 3 A Kaplan-Meier survival curve shows the survival of
patients with malignant tumors was statistically significantly higher
for patients without metastases at diagnosis compared with the sur-
vival of patients with metastases at diagnosis (P < .0001).
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complications occurred in 14 patients, including failure of
suture suspension and dislocation of the megaprosthesis in
8 patients and wound dehiscence in 6. Failure of suture sus-
pension and dislocation of the megaprosthesis were treated

with reattachment of the megaprosthesis with sutures (7 pa-
tients) and a polyethylene terephthalate synthetic tube (1
patient).

Wound dehiscence was treated successfully with
débridement only in 4 patients and with débridement and
muscle flap coverage in 2 patients. Two patients experi-
enced a deep infection and were treated with a 2-stage revision
surgery (1 patient) and a forequarter amputation (1 patient).
Aseptic loosening occurred in 1 patient and was treated with
revision of the megaprosthesis. Periprosthetic fractures in 2
patients were treated with open reduction and plate and screw
fixation, and another patient experienced breakage of the stem
of the megaprosthesis and was treated with revision of the
megaprosthesis.

The rate of local recurrence of the patients in this series was
18.5%: 3 of 14 patients (21.4%) with a type IV resection, 6
of 21 patients (28.5%) with a type V resection, and 1 of 19
patients (5.3%) with a type VI resection experienced a local
recurrence at a mean time of 3.4 years (range, 7 months-19
years) after diagnosis and treatment. These patients were treated
with a forequarter amputation (6 patients), repeat resection (3
patients), and palliative radiotherapy (1 patient). At the last
follow-up, 7 patients were NED after treatment of their recur-
rence, and a forequarter amputation was performed in 2 patients
because of repeat recurrence after treatment.

Survival to failure of the reconstructions was statistically
significantly higher for the patients treated with the typical

Figure 4 A Kaplan-Meier survival curve shows the survival of
patients with tumor volume <549 cm3 was statistically signifi-
cantly higher compared with the survival of patients with a tumor
volume >549 cm3 (P = .0011).

Figure 5 A Kaplan-Meier survival curve shows the survival of
patients who had a type IV resection was statistically significantly
higher compared with patients who had a type V (P = .0334) or a
type IV (P = .0359) resection.

Table II Multivariate Cox regression analysis: tumor stage and
volume and type of resection were important predictors of sur-
vival of the patients with malignant tumors included in this series

Covariate OR 95% CI P value

Stage IIB vs. stage III 5.99 2.1750-16.5058 .0005
Typical vs. modified

Tikhoff-Linberg
resection

3.16 1.3749-7.2688 .0070

Tumor volume (<549 cm3

vs. >549 cm3)
6.92 2.8621-16.7619 <.0001

CI, confidence interval; OR: odds ratio.

Figure 6 A Kaplan-Meier survival curve shows the survival of
the reconstructions was 56% at 10 years and 48% at 20 years.

Table III Overall complications after extra-articular resec-
tions in this series

Complications Type of resection, No. (%)

Type IV Type V Type VI

Type 1 (soft tissue failure) 2 (7.1) 7 (23.8) 5 (21)
Type 2 (aseptic loosening) – – 1 (5.3)
Type 3 (structural failure) – 2 (9.5) 1 (5.3)
Type 4 (infection) – 2 (9.5) –
Type 5 (local recurrence) 3 (21.4) 6 (28.6) 1 (5.3)
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Tikhoff-Linberg resection compared with those treated with
the modified Tikhoff-Linberg resection (P = .0212; Fig. 7),
and for the patients treated with the type IV compared with
the type V (P = .0313) and type VI resection (P = .6330),
without any difference between the type V and type VI re-
sections (P = .1300; Fig. 8). Survival to local recurrence of
the resections and megaprosthetic reconstructions was not dif-
ferent with respect to the types of extra-articular resection
(P = .1220).

Shoulder motion was restricted compared with the con-
tralateral shoulder in all patients. Function of the elbow,
forearm, and hand was similar to the contralateral upper ex-
tremity in all except the 8 patients whose ipsilateral radial,
musculocutaneous, and median nerves were resected with the
tumor specimen. The overall mean MSTS score was 25 points

(range, 17-30 points) and was 25 points in patients who had
a type IV resection, 26 points in patients who had a type V
resection, and 24 points in patients who had a type VI re-
section, without any statistically significant difference with
respect to the type of the resection (P = .736).

Discussion

The Tikhoff-Linberg extra-articular shoulder resection is a fea-
sible surgical treatment to forequarter amputation and shoulder
disarticulation for malignant and aggressive benign tumors of
the shoulder.7,8,10,15,16,19,22-25,28,30,31,33,47 Baumann4 in 1914 re-
ported excision of the scapula, the head of the humerus, the
lateral one-third of the clavicle, and the surrounding soft tissue
for a sarcoma of the scapula. Tikhoff and Baumann per-
formed 3 such operations between 1908 and 1913; Tikhoff was
named as the originator of the “triple-bone resection tech-
nique” that became known as the Tikhoff-Linberg resection after
the English publication in 1926.24 In 1991, Malawer et al28 pro-
posed a 6-type classification system of shoulder resections based
on the bony segments involved and their relationship to the gle-
nohumeral joint, and 2 subtypes (A and B) according to whether
the shoulder abductor mechanism was preserved (subtype A)
or resected (subtype B).27,28 Since then, a variety of tech-
niques and modifications of shoulder girdle resections have been
described.1,3,5,8,9,11,14,15,17,21,23-25,27-36,38,42-47 However, the related lit-
erature is limited by small series and case reports of variable
techniques8,15,16,22,26,28,30-32,42; their results cannot be summa-
rized to draw important conclusions regarding the treatment
approach and the outcome of the patients and reconstructions
after shoulder resections.

Therefore, to enhance the literature, we performed this study
of a relatively large number of patients with tumors around
the shoulder girdle treated with extra-articular resection aiming
to evaluate the outcome of the patients and the reconstruc-
tions. Our results showed (1) a survival rate of 47% to 35%
at 5 to 20 years of the patients with malignant tumors, which
was higher for the patients without metastases at diagnosis,
tumor volume <549 cm3, and type IV resections, (2) a me-
tastasis rate of 60% for the patients with malignant tumors
around the shoulder, (3) a local recurrence of 18.5%, which
was not different with respect to the types of extra-articular
resection, (4) a complications rate of 55.5%, and (5) a mean
MSTS score of 25 points, which was also not different with
respect to the types of extra-articular resection. Type IV re-
sections were associated with a significantly higher survival
of the patients and the reconstructions. The former should prob-
ably be attributed to the lower tumor burden for these patients,
and the latter should probably be attributed to retention of a
large part of the humerus for a proximal humeral
megaprosthesis, with or without reconstruction of the scapula
to be performed.

Marcove et al31 reported 17 patients treated with the
typical Tikhoff-Linberg resection. At a follow-up ranging
from 1 to 33 months, 9 patients were NED and 1 patient

Figure 7 A Kaplan-Meier survival curve shows the survival to
failure of the reconstructions was statistically significantly higher
for patients treated with the typical Tikhoff-Linberg resection com-
pared with those treated with the modified Tikhoff-Linberg resection
(P = .0212).

Figure 8 A Kaplan-Meier survival curve shows the survival to
failure of the reconstructions was statistically significantly higher
for patients who had a type IV resection compared with those who
had a type V (P = .0313) or type VI resection (P = .6330), without
any difference between the type V and type VI resections (P = .1300).
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was AWD. Local recurrence occurred only in 1 patient at
the cervical spine, and the patient eventually died of his
disease. Guerra et al15 reported 18 patients treated with the
typical Tikhoff-Linberg resection and 3 patients treated with
the modified Tikhoff-Linberg resection. At a mean follow-
up of 12 months (range, 3-36 months), 16 patients were
NED, 3 patients were AWD, and 2 patients were DWD.
Local recurrence occurred only in 1 patient after a marginal
margins resection.

Capanna et al8 compared 12 patients treated with the typical
Tikhoff-Linberg resection and 12 patients treated with the
modified Tikhoff-Linberg resection. At a mean follow-up of
22.5 months, 14 patients were NED, 1 was NED after treat-
ment for a metastasis, 2 were AWD, and 7 were DWD, without
any difference between the 2 types of resection. These authors
concluded that for tumors of the proximal humerus, the typical
Tikhoff-Linberg resection is indicated when preoperative
imaging studies show macroscopic involvement of the shoul-
der joint with invasion of the scapula, whereas the modified
resection is indicated in cases of invasion of the joint capsule
without involvement of the glenoid.8

Voggenreiter et al42 reported 19 patients treated with a
Tikhoff-Linberg resection. At a mean follow-up of 6.3 years,
12 patients were NED, 1 was AWD (lung metastasis and local
recurrence), and 7 were DWD.

In the present study at the last follow-up, 16 patients were
NED, 2 patients were AWD, and 33 patients were DWD; 24
patients (60%) experienced a metastasis, 10 patients (18.5%)
experienced a local recurrence, and 19 patients (35.2%) ex-
perienced complications. We concur with previous reports8,15

that the modified resection is indicated when the tumor abuts
or involves the shoulder joint without or with minimal inva-
sion of the glenoid. However, our results showed that survival
of the patients, risk for metastasis and local recurrence, and
function were not statistically significantly different with
respect to the type of resections. Only the survival of the re-
constructions was statistically significantly higher after the
typical Tikhoff-Linberg resection compared with the modi-
fied technique; probably, trying to retain muscles for soft tissue
coverage of a proximal humerus reconstruction and to excise
only the lateral part of the scapula with subsequent partial
scapula or glenoid reconstruction may increase the risk of
related complications.

The most commonly reported complications after extra-
articular shoulder resections are soft tissue compromises,31,42

which do not usually require revision surgery with implant
removal. Marcove et al31 reported 4 patients with wound de-
hiscence, and only 1 required surgical revision with a split-
thickness skin graft. Voggenreiter et al42 reported 3 patients
with wound dehiscence that required surgical revision and 2
patients with dislocation of the megaprosthesis caused by a
polyethylene terephthalate synthetic tube rupture. In the present
series, soft tissue compromises, including wound dehis-
cence and dislocations, were also the most common
complications, which required subsequent surgery, without
however revision of the implant.

Complications that require removal of the megaprosthesis
are less common.8,16,22,42 Capanna et al8 reported 4 patients
who experienced a deep infection, and Voggenreiter et al42

reported 1 patient who experienced a deep infection and 2
patients who experienced implant breakage. In the present
series, we observed a similar rate of complications as the pre-
vious reports. Most complications can be treated successfully
without implants removal. Revision of the megaprosthesis is
usually required for patients who experience deep infec-
tion, breakage, or aseptic loosening of their implants.

Extra-articular shoulder resections allow for almost normal
function of the hand and forearm, with reasonable function
of the elbow.8,10,15,16,19,22-25,28,30,31,33,37 Voggenreiter et al42 re-
ported a mean MSTS score of 72%, and Yang et al47 reported
a mean MSTS score of 67% after type IV resections, 73%
after type V resections, and 40% after type VI resections. In
a case report, Mackinnon et al26 reported a patient with a flail
shoulder who was able to lift a 25 kg weight by flexing his
elbow. Hahn et al16 reported that function of the shoulder is
poor after extra-articular shoulder resections when the humerus
is resected at about more than half of its length; in contrast,
function of the shoulder is good when the humerus is re-
sected at approximately its anatomic neck. In the present series,
we observed a mean MSTS score of 25 points (range, 17-
30 points), which is considered good, without a statistically
significant difference with respect to the type of the resec-
tion (typical or modified).

This study has 3 limitations. First, it is retrospective and
nonrandomized, subjecting it to potential recall and selec-
tion biases; however, the rarity of the disease would make a
prospective study practically unfeasible.

Second, the study period spanned more than 3 decades and
included patients treated for variable musculoskeletal tumors
with a variety of adjuvant treatments by different surgeons and
medical oncologists. During the study period, obviously, di-
agnostic and treatment approaches have changed; therefore, the
possibility of confounding variables is important. Again, con-
sidering the rarity of the type of treatment, concentrating a study
on patients treated over a short period of time would not be
possible. We acknowledge that this adds to the heterogeneity
of our sample size and concur that the patients with malig-
nant tumors are at risk for distant metastases, higher risk of
cancer, and implants-related complications resulting from by
adjuvant treatments. However, we aimed to include all of our
patients with tumors around the shoulder girdle, including ag-
gressive benign and malignancies treated with extra-articular
shoulder resections, aiming to increase the sample size and draw
useful conclusions for this treatment approach. In addition, we
studied only patients treated after 1985 to have a more homo-
geneous series after introduction of chemotherapy and with a
minimum follow-up of 3 years. We believe that in this setting,
our results are valid.

Third, one may consider a survivorship bias with respect
to the survival of the patients and the survival of the recon-
structions. This is a logical mistake when concentrating on
survivors of a process and omitting those who did not survive
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because of their lack of visibility. We also acknowledge this
limitation. To avoid this bias and statistical error in this study,
survivorship was adjusted according to the follow-up time for
each patient, follow-up time (mean, range, and minimum) was
clarified, and data from all patients were analyzed from the
patients’ files and reports. In this setting, we believe that our
results are useful and valid.

Conclusions

The survival of patients with malignant tumors around the
shoulder girdle is higher for patients without metastases
at diagnosis, tumor volume <549 cm3, and type IV resec-
tions. Local recurrence is not different between the typical
and the modified resections. Survival of the reconstruc-
tions is satisfactory; nevertheless, the complication rate is
high. Soft tissue complications are the most common,
without, however, requiring implants removal. Shoulder
motion is restricted, but the MSTS score is not different
with respect to the type of resection.
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