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Abstract
Background After proximal humerus resection for bone
tumors, restoring anatomy and shoulder function remains
demanding because muscles and bone are removed to ob-
tain tumor-free surgical margins. Current modes of re-
construction such as anatomic modular prostheses,
osteoarticular allografts, or allograft-prosthetic composites
and arthrodeses are associated with relatively poor shoul-
der function related to loss of the deltoid and rotator cuff
muscles. Newer prosthetic designs like the reverse total
shoulder arthroplasty (RTSA) are felt to be useful in other

reconstructions where rotator cuff function is compro-
mised, so it seemed logical that it might help in tumor
reconstructions as well in patients where the deltoid muscle
and its innervation can be preserved.
Questions/purposes In patients with a tumor of the prox-
imal humerus that can be resected with preservation of the
deltoid muscle, (1) What complications are associated with
tumor resection and reconstruction with a modular RTSA?
(2) What are the functional results of modular RTSA in
these patients?
Methods From January 2011 to January 2018, we treated
52 patients for bone tumors of the proximal humerus. Of
these, three patients were treated with forequarter ampu-
tation, 14 were treated with standard modular proximal
humerus implants, seven were treated with allograft-
prosthetic composites (RTSA-APC), and 28 were treated
with a modular RTSA. Generally, we used anatomic
modular prosthetic reconstruction if during the tumor re-
section none of the abductor mechanism could be spared.
Conversely, we preferred reconstruction with RTSA if an
innervated deltoid muscle could be spared, but the rotator
cuff and capsule could not, using RTSA-APC or modular
RTSA if humeral osteotomy was distal or proximal to
deltoid insertion, respectively. In this study, we retro-
spectively analyzed only patients treated with modular
RTSA after proximal humerus resection. We excluded
three patients treated with modular RTSA as revision
procedures after mechanical failure of previous biological
reconstructions and three patients treated after December
2016 to obtain an expected minimum follow-up of 2 years.
There were nine men and 13 women, with a mean (range)
age of 55 years (18 to 71). Reconstruction was performed
in all patients using silver-coated modular RTSA
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protheses. Patients were clinically checked according to
oncologic protocol. Complications and function were
evaluated at final follow-up by the treating surgeon (PR)
and shoulder surgeon (AC). Complications were evaluated
according to Henderson classification. Functional results
were assessed with the Musculoskeletal Tumor Society
score (range 0 points to 30 points), Constant-Murley score
(range 0 to 100), and American Shoulder and Elbow Sur-
geons score (range 0 to 100). The statistical analysis was
performed using Kaplan-Meier curves.
Results Complications occurred in five of 22 patients;
there was a shoulder dislocation (Type I) in four patients
and aseptic loosening (Type II) in one. Function in these
patients on the outcomes scales we used was generally
satisfactory; the mean Musculoskeletal Tumor Society
score was 29, the mean Constant score was 61, and the
mean American Shoulder and Elbow Surgeons score
was 81.
Conclusions Although this was a small series of patients
with heterogeneous diagnoses and resection types, and we
were not able to directly compare the results of this pro-
cedure with those of other available reconstructions, we
found patients treated with RTSA achieved reasonable
shoulder function after resection and reconstruction of a
proximal humerus tumor. It may not be valuable in all tumor
resections, but in patients in whom the deltoid can be partly
spared, this procedure appears to reasonably restore short-
term shoulder function. However, future larger studies with
longer follow-up are needed to confirm these findings.
Level of Evidence Level IV, therapeutic study.

Introduction

Restoring anatomy and shoulder function after proximal
humerus resection for a bone tumor is demanding because
wide soft-tissue margins and bone are needed to minimize
the potential for local recurrence. Historically, different
reconstructive techniques such as arthrodesis [38, 41, 54],
massive osteoarticular allografts [2, 3, 9, 19, 21-23, 31, 35,
42, 51, 54], and anatomic modular prostheses [10, 12, 16,
27, 35, 39, 44, 45, 49, 58, 59] have been proposed. These
techniques may preserve the function of the elbow, wrist,
and hand, but shoulder motion and strength are often lost
because the rotator cuff muscles or tendon insertions are
resected to achieve a satisfactory tumor margin.

Reverse total shoulder arthroplasty (RTSA) was de-
veloped to treat patients with severe cuff tear arthropathy
[26]. Indeed, this type of arthroplasty, which inverts the joint
geometry, leads to better recruitment of deltoid fibers and
allows for an increase of activemotion, compensating for the
lack of a functional rotator cuff [4-6, 57]. Because excellent
results were obtained in patients with nononcologic con-
ditions and because there is similarity in residual shoulder

biomechanics between cuff arthropathy and some tumor
resections, allograft-prosthetic composite RTSA was in-
troduced as a reconstruction option after proximal humerus
resection [1, 7, 11,15, 16, 20, 25, 29, 33, 34, 48]. Currently,
if the axillary nerve and deltoid muscle can be spared,
modular RTSA may be used, which offers both the advan-
tages of modularity and a prosthesis with inverse geometry.

However, to our knowledge, only few studies have used
this approach [28, 29, 36, 53], and the data reported did not
completely evaluate functional results. Because of this, we
considered whether this reconstructive approach might be
useful for patients who underwent tumor resections that
involved the rotator cuff without involvement of deltoids
muscles and its innervation.

We therefore asked: (1) What complications are asso-
ciated with resection and reconstruction in patients with
modular RTSA? (2) What are the functional results of us-
ing modular RTSA in these patients?

Patients and Methods

From January 2011 to January 2018, we treated 52 patients
for bone tumors of the proximal humerus in our institution.
Of these, three patients were treated with forequarter am-
putation, 14 were treated with standard modular proximal
humerus implants, seven were treated with allograft-
prosthetic composites (RTSA-APC), and 28 were treated
with a modular RTSA. Generally, we used modular pros-
thetic reconstruction (hemiarthroplasty) as a “spacer” if
during the tumor resection none of the abductor mechanism
can be spared. Conversely, we preferred reconstruction
with RTSA if an innervated deltoid muscle could be
spared, but the rotator cuff and capsule could, using RTSA-
APC or modular RTSA if humeral osteotomy was distal or
proximal to deltoid insertion, respectively (Fig. 1). We
included in the study patients treated for bone tumors of the
proximal humerus, excluding (1) three patients treated with
amputation, (2) 21 patients reconstructed with other tech-
niques (standard proximal humerus prosthesis or allograft
prosthesis composite), (3) three patients treated with
modular RTSA as a revision procedure after mechanical
failure of previous biological reconstructions, (4) three
patients treated after December 2016 who were not
expected to obtain a minimum follow-up of 2 years
expected (Fig. 2). In this study, we retrospectively analyzed
only patients treated with modular RTSA after proximal
humerus resection. All patients were surgically treated by
the senior author (PR). Twenty-two patients were included
in this study; 39% (nine) were men and 61% (13) were
women with a mean (range) age of 55 years (18 to 71).

The diagnoses were chondrosarcoma in 10 patients,
metastasis in six (breast in three patients, and kidney, sal-
ivary glands and thyroid in one each), multiple myeloma in
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four, and giant cell tumors in two. According to the Sur-
gical Staging System for musculoskeletal tumors [17], two
patients had Stage 3 (benign) tumors, two had Stage IA,
three had Stage IA, five had Stage IIB, and 10 had Stage III
(Table 1).

The choice of operative strategy was based on a multi-
disciplinary evaluation by our oncologic team and adjuvant
treatments were administered as appropriate for the di-
agnosis. Chemotherapy was used in patients who had
metastatic lesions and myeloma according to the primary
cancer type, and these patients additionally underwent ra-
diotherapy. Denosumab was administered preoperatively
in one patient with a giant cell tumor. In all patients, intra-
articular Type 1 resection [37] was performed using an
extended deltopectoral approach, protecting the pectoralis
major insertion, biceps tendon, axillary nerve and deltoid
muscle. The latissimus insertion and rotator cuff (supra-
spinatus and infraspinatus muscles) were sacrificed in all
patients; whereas the subscapularis insertion was preserved
in eight patients. The mean (range) resection length,
planned preoperatively on MRI according to tumor ex-
tension, was 10 cm (6 to 14), and oncologic surgical
margins were wide in all patients. The attempt to achieve
wide surgical margins was made also in patients with
metastatic carcinoma and myeloma because of the staging
revealed a solitary/oligometastatic setting. Two patients
with a benign lesion (giant cell tumor) were treated with
wide resection due to the high risk of local recurrence de-
spite treatment with denosumab.

Proximal humeral reconstruction was performed in all
patients using a silver-coated modular RTSA prosthesis
(MUTARS® Reverse Shoulder Modular Prosthesis,
Implantcast®, Buxtude, Germany) because we believed

this implant might reduce the risk of postoperative in-
fection. This implant is a metal-backed glenosphere stabi-
lized with one to four compression screws and is available
in lengths from 26 to 34 mm. Only one size of glenosphere
(40 mm) with a single radius of curvature is available. We
prefer to implant the metal back caudal to the glenoid
equator trying to obtain a 1- to 2-mm overhang under the
inferior edge of the glenoid, to avoid scapular notching. No
inferior tilt was performed. The humeral component was
always implanted with a retroversion range from 15° to
30°, according to the version of the glenosphere to provide
stability. A press-fit stem was used in young patients with
primary bone tumors (10 of 22), whereas cemented stem
implants were used in the other 12 patients with metastatic
tumors and hematologic malignancies (considering the
adjuvant effect of cement and the need of postoperative
radiation therapy) and in those with poor bone quality. Soft
tissue reconstruction consisted of subscapularis tendon
reattachment with nonabsorbable suture on the prosthesis
(eight patients) and pectoralis major tendon reattachment to
the deeper layer of deltoid. Reconstruction was carefully
performed to avoid excessive muscular tension and care-
fully testing implant stability.

Postoperative immobilization was used in all patients,
with a 30° abduction brace for 4 weeks; early free mobi-
lization of the elbow, wrist, and hand was encouraged.
After 1 month, the brace was removed and patients started
active mobilization with pendulum movements limited to
30° of abduction, forward flexion and extension, avoiding
forced passive-assisted motion by a therapist for the first
weeks, then full ROM exercises. Once patients achieved
active ROM, they were allowed to perform exercises
against a weight or force. Six to 7 weeks postoperatively,

Fig. 1 Our proposed decision-making algorithm for the reconstructive technique after
proximal humerus resection for bone tumors is shown. RTSA = reverse total shoulder
arthroplasty; RTSA-APC = reverse shoulder arthroplasty with allograft-prosthesis composites.
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patients began exercises to strengthen the scapulothoracic
muscles, using isometric exercise to emphasize lower tra-
pezius and serratus anterior activation and reduce upper
trapezius activation.

Routine follow-up evaluations, including a physical
examination, shoulder radiography, and chest CT, were
performed every 3 months in the first 3 years, every
4months in the fourth year, every 6months in the fifth year,
and then annually. Outcome, complications and functional
results were collected at the time of clinical checks and all
alive patients were independently re-evaluated at final
follow-up by tumor surgeons (PR, GT) and a shoulder
surgeon (AC).

Oncologic results were assessed regarding local re-
currence, metastases, or death (Table 1). At a mean (range)
follow-up duration of 3 years (1 to 8), all patients treated for a
primary bone tumor were continuously without evidence of
disease (NED), while five patients treated for metastasis or
myeloma were alive with disease (AWD) at a mean (range)
of 38 months (25 to 73 months), and five died with disease
(DWD) at a mean (range) of 22 months (12 to 46 months).

We evaluated and classified complications and prosthetic
failures according to the method described by Henderson
et al. [30]. Type I was classified as soft tissue failure, Type II
as aseptic loosening, Type III as structural failure, Type IV as
infection, and Type V as local recurrence. We analyzed im-
plant survival with Kaplan-Meier curves, whichwe appraised
as the time from surgery to the last clinic visit or failure.

We performed functional evaluation using three different
scoring systems: theMusculoskeletal Tumor Society (MSTS)
functional rating system [18], the American Shoulder and
Elbow Surgeons (ASES) shoulder score [40, 46, 49], and the
Constant score (CS) [13-14]. The MSTS score system is
usually used to evaluate functional outcome in oncologic
patients and it assigns a score from 0 to 5 to each of five
categories (pain, function, emotional acceptance, hand posi-
tioning, dexterity and lifting ability); 30 is the maximum
obtainable score. Then, we assessed functional results as a
percentage of the maximum score; these were defined as
excellent (76% to 100%), good (51% to 75%), fair (26% to
50%), poor (0 to 25%) [18]. The ASES score ranges from
0 (pseudo-paralytic shoulder) to 100 (essentially normal
shoulder function) regarding pain (seven items) and activities
of daily living (10 items) [40, 46, 49]. The Constant score
ranges from 0 points (most disability) to 100 points (least
disability) with four domains, including pain (15 points),
activities of daily living (20 points), mobility (40 points), and
strength (25 points) [13-14]. Postoperative results were con-
sidered as “poor” if theConstant scorewas less than 30 points,
“fair” if the Constant score was 30 to 39, “good” if the
Constant score was 40 to 59, “very good” if the Constant
score was 60 to 69, and “excellent” if the Constant score was
at least 70 [8]. Then we normalized the Constant score,
measured according to sex and age, using a procedure de-
scribed by Katolik et al. [32], and compared the normalized
Constant score of the healthy sidewith that of the affected side
(defined as the individual normalized Constant score).

The data were recorded in a Microsoft 1 Excel 2003
(Microsoft Corp, Redmond, WA, USA) spreadsheet and
analyzed using Med-Calc Software Version 11.1 (Med-
Calc Software, Mariakerke, Belgium).

Results

Complications occurred in five of 22 patients at a mean
(range) time of 4.3 months postoperatively (0.1 to 25).

Fig. 2 This flow diagram describes our inclusion and exclusion
criteria for patients enrolled in the study.
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Implant survival to all complications was 76% at 3 and 5
years (Fig. 3). Type I complications (all dislocations) oc-
curred in four of the 22 patients (18%) at a mean (range)
time of 1 month postoperatively (0.36 to 2.27). In all four
patients, dislocation was successfully treated with surgical
revision: change of prosthetic spacers, liner augmentation,
retroversion of a humeral component, or a combination of
all three. Implant survival after Type I complications was
81% at 3 and 5 years postoperatively, Type I complications
occurred in three of eight patients with humeral resection
resections longer than 10 cm and one of 14 of those with
resections shorter than 10 cm (Fig. 4). Type II complica-
tions occurred in one of 22 patients at 25 months after
surgery. This patient had pain during active and passive
movements; radiographs showed a radiolucent line around
the humeral stem, and the result of a three-phase techne-
tium-99 m bone scan showed an increased uptake around
the stem. We successfully treated this patient with aseptic
loosening with surgical revision by removing 2 cm of the
damaged humeral diaphysis, elongating the prosthesis, and
inserting a cemented stem. We did not observe any Types
III, IV, or V complications. Also, we did not detect local
recurrences in these patients. Implant survival in patients
with major complications (aseptic loosening, breakage,

and infection) was 94% at 3 and 5 years (Fig. 5). None of
our patients had signs of scapular notching; however, we
observed radiolucent lines, which remained stable over
time, on the radiographs of three patients (one with radio-
lucent lines in Zone 4, one with lines in Zone 3, and one
with lines in Zone 2) around the humeral stem. We did not
observe radiolucent lines around the metal back of the
glenoid in any patient, according to the method of Gilot
et al. [24].

Functional outcomes were generally good with all
scales, though not excellent. The mean (range) Constant
score was 61 points (42 to 89), the mean (range) normal-
ized Constant score was 66 points (48 to 97), and the mean
(range) individual Constant score was 69 points (51 to 97).
The mean ASES score was 81 points (62 to 92) and the
mean MSTS score was 29% (26 to 30). Moreover, the
active ROMwas satisfactory (Table 2): the mean abduction
angle was 103° (40 to 180), the mean forward flexion angle
was 117° (40 to 180), the mean internal-rotation angle
reached T12 (L5 to T7), and the mean external rotation
angle was 58° (45 to 75). No differences related to di-
agnosis, gender or age were found, while scores remained
satisfactory in those patients where complication occurred
(Fig. 6 A-D).

Table 1. Demographic and oncologic data of patients undergoing reconstruction with modular reverse total shoulder arthroplasty
(n = 22)

Patient Sex Age Diagnosis Stage Margins Chemotherapy and/or radiotherapy Follow-up (months) Status

1 F 40 Chondrosarcoma Grade 2 IIB Wide 94 NED

2 F 64 Metastasis (breast) III Wide Chemotherapy/ radiotherapy 12 DWD

3 F 35 Metastasis (breast) III Wide Chemotherapy/ radiotherapy 73 AWD

4 F 55 Chondrosarcoma Grade 2 IIB Wide 66 NED

5 F 18 Giant cell tumor 3 Wide Denosumab 61 NED

6 M 60 Metastasis (salivary glands) III Wide Chemotherapy/ radiotherapy 46 DWD

7 M 56 Myeloma III Wide Chemotherapy/ radiotherapy 58 NED

8 F 71 Myeloma III Wide Chemotherapy/ radiotherapy 25 DWD

9 M 34 Chondrosarcoma Grade 1 IA Wide 52 NED

10 M 59 Myeloma III Wide Chemotherapy/ radiotherapy 12 DWD

11 F 28 Giant cell tumor 3 Wide 49 NED

12 M 68 Chondrosarcoma Grade 1 IB Wide 44 NED

13 F 66 Chondrosarcoma Grade 2 IIB Wide 38 NED

14 M 69 Metastasis (thyroid) III Wide Chemotherapy/ radiotherapy 33 AWD

15 F 69 Myeloma III Wide Chemotherapy/ radiotherapy 30 AWD

16 F 43 Chondrosarcoma Grade 1 IA Wide 28 NED

17 F 49 Metastasis (breast) III Wide Chemotherapy/ radiotherapy 13 DWD

18 M 70 Metastasis (kidney) III Wide Chemotherapy/ radiotherapy 28 AWD

19 M 68 Chondrosarcoma Grade 2 IIB Wide 27 NED

20 M 66 Chondrosarcoma Grade 2 IIB Wide 26 NED

21 F 61 Chondrosarcoma Grade 1 IB Wide 25 NED

22 F 59 Chondrosarcoma Grade 1 IB Wide 24 NED

NED = no evidence of disease; AWD = alive with disease; DWD = died with disease.
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Discussion

Reconstruction after proximal humerus resection for tumor
is still challenging, despite the different techniques pro-
posed [1-3, 7, 9, 10, 12, 15-16, 19-23, 25, 27, 29, 31, 33-37,
39, 41-45, 47-48, 50-51, 53-56, 58-59]; all of these have
comparable oncologic results in terms of survival and local
recurrence rates, although most patients have poor func-
tional results [1-3, 7, 9, 10, 12, 15-16, 19-23, 25, 27, 29, 31,
33-37, 39, 41-45, 47-48, 50-51, 53-56, 58-59]. Many of
these studies included resections that were more aggressive
and did not spare the deltoid muscle. After satisfactory
results were obtained in patients with nononcologic con-
ditions, RTSA was introduced as a reconstruction option
after proximal humerus resection, since there are similar
residual shoulder biomechanics between cuff arthropathy
and some tumor resections [1, 7, 11,15,16, 20, 25, 29,
33-34, 48]. Some authors [28, 29, 36, 53] reported their
experience using modular RTSA prostheses, which com-
bine the advantages of modular prosthesis (immediate
stability, early mobilization, and ready-to-use components
that are adaptable to the length of resected bone) with those
of inverse geometry that compensates for the absence of the
rotator cuff, with satisfactory shoulder ROM; however, the
data reported on these small series with a limited follow-up
did not completely evaluate complications and functional
outcome using dedicate shoulder score [28, 29, 36, 53].
As a result, we reviewed our experience with modular
RTSA after proximal humerus resection that involved the

rotator cuff but not the deltoid muscle and its innervation.
In a group of 22 patients, despite a relative high incidence
of dislocation, we found generally good results on the
Constant and MSTS scores.

Limitations

This study had several limitations. First, this is a retro-
spective, nonrandomized patient series with potential se-
lection biases. At our institution, we use the modular RTSA
after proximal humerus resection only when it is possible to
preserve the deltoid muscle and the axillary nerve.
Avoiding this reconstruction in larger resections when the
surgeon cannot spare an innervated deltoid muscle to ob-
tain oncologically correct margins may result in functional
outcomes that look better than if RTSA had been used
unselectively. However, we think that if none of the ab-
ductor mechanism can be spared, the reconstruction would
act only as a “spacer” to preserve function of the elbow,
wrist, and hand and it would not require a more expensive
option such as RTSA.

Second, we performed this reconstruction both in
patients with metastatic disease who have potentially
poor prognosis and in patients with primary bone tumors.
This resulted in a very heterogeneous population, but this
is not unexpected considering the rarity of the pathology
treated. Consequently, since the patients’ diagnoses were
heterogeneous, a survival analysis was precluded.

Fig. 3 Kaplan-Meier survival curves show a 76% proportion of implant survival after all
complications at 3 and 5 years.
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However, analysis of patient survival was not an objec-
tive of our study, since difference in survival between
primary and secondary tumors is not related to the type of
reconstructions but with the different biological aggres-
siveness of the tumors. Considering good functional

results and quality of life, we think that patients with
metastatic disease and poor prognosis, especially those
expected to survive longer than 1 year, should be also be
offered the opportunity for a functional reconstructive
option.

Fig. 5 Kaplan-Meier survival curves show that the survival rate of patients with major
complications (loosening, breakage, and infection) was 94% at 3 and 5 years.

Fig. 4 Kaplan-Meier survival curves show that the survival rates of patients with Type I
complications were 81% at 3 and 5 years.
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Third, we presented results only at short term; however,
insofar as our key goal here was to describe early compli-
cations, we believe our follow-up duration was sufficient.
Future studies will need to assess reconstructive durability.
Dislocationwas themost frequent complication and occurred
primarily in the immediate postoperative period, but com-
plications at longer term could not be assessed here and may
yet prove to be important. Further studies are needed to assess
long-term complications and function.

Complications

In our group of 22 patients, five had complications result-
ing in revision, and Type I failure was the most frequent.

Dislocation occurred postoperatively in four of the 22
patients, and three of them were in patients treated with
resections longer than 10 cm. Modular RTSA is primarily
used in patients in whom it is deemed possible to preserve
the axillary nerve and deltoid muscle and still achieve a
wide tumor margin. We believe that surgical planning
should be based on a careful assessment of the tumor ex-
tension to aim for oncologic margins and not jeopardize the
patient’s survival. We sacrificed the rotator cuff and cap-
sule, preserving an innervated deltoid in all patients and
obtaining wide surgical margins; no local recurrences were
observed. When a functional deltoid muscle can be spared,
modular RTSA appears to be a reasonable reconstruction
option. We believe the proportion of patients with com-
plications is comparable to or possibly fewer than those

Table 2. Complications and functional results of patients who underwent reconstruction with modular reverse total shoulder
arthroplasty (n = 28)

Patient
Resection
length (cm) Complication Abduction (°)

Forward
flexion (°)

Internal rotation
(up to)

External
rotation (°) CS CSn CSi ASES MSTS

1 8 160 180 T7 75 86 89 97% 92 100%

2 7 90 120 T12 45 55 63 64% 87 97%

3 8 150 150 T12 75 73 76 82% 79 100%

4 8 Aseptic loosening 180 90 T7 75 89 97 96% 92 100%

5 9 120 150 T12 75 72 76 81% 75 100%

6 14 90 90 T12 50 72 67 70% 85 97%

7 8 90 150 L3 50 63 68 73% 77 100%

8 12 Dislocation 60 40 L3 45 42 48 51% 74 87%

9 6 160 180 T12 75 79 83 83% 92 100%

10 10 90 120 T12 45 53 58 60% 78 93%

11 10 90 150 T12 75 69 73 80 % 83 97%

12 9 80 80 L5 45 42 48 52% 62 97%

13 8 90 120 T12 45 52 57 63% 87 97%

14 11 90 90 T12 50 59 68 62% 85 100%

15 8 90 120 T7 70 54 61 63% 69 97%

16 8 90 90 L5 45 51 53 57% 73 97%

17 8 40 80 L3 45 45 48 52% 77 90%

18 8 Dislocation 90 120 T7 70 61 69 69% 85 100%

19 12 Dislocation 90 90 L3 50 53 58 58% 84 97%

20 12 170 180 T7 75 86 93 90% 92 100%

21 10 Dislocation 90 60 L3 50 49 53 59% 77 93%

22 8 90 90 L5 45 51 55 63% 77 90%

CS = Constant score, defined as poor (from 0 to 30), fair (from 31 to 39), good (from 40 to 59), very good (from 60 to 69), excellent
(from 70 to 100);
CSn = normalized Constant score, defined as poor (from 0 to 30), fair (from 31 to 39), good (from 40 to 59), very good (from 60 to 69),
excellent (from 70 to 100);
CSi = individual Constant score, defined as comparison between normalized Constant score of the healthy side and that of the
affected side;
ASES = American Shoulder and Elbow Surgeons Shoulder Score;
MSTS = Musculoskeletal Tumor Society functional rating system defined as excellent (from 76% to 100%), good (from 51% to 75%),
fair (from 26% to 50%) and poor (from 0 to 25%).
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previously reported using other techniques—biological
reconstructions [2, 3, 9, 19, 21, 22, 23, 31, 41-43, 51, 52,
54, 56], prostheses [10, 12, 26, 27, 35, 39, 44, 50, 58, 59],
allograft-prosthetic composites with standard or RTSA
prosthesis [7, 11, 15, 35, 47, 48], and modular RTSA
reconstructions [28, 29, 36, 53]—but we also realize that
we cannot directly compare our results with those of other
studies because the types of resection, diagnoses, and
indications for the procedure differ. Biological recon-
structions such as arthrodesis [41, 43, 56], vascularized
fibular grafts [3, 21, 31, 51, 52], clavicle pro humerus [2, 9],
and osteoarticular allografts [19, 22, 23, 42, 54] were
reported to have a high incidence of complications ranging
from 30% to more than 50% [2, 3, 9, 16, 19, 21-23, 31, 35,
39, 41-44, 51, 54, 56, 58], mainly represented by infection,
fracture, nonunion or incomplete integration of the graft.
Standard mega-prosthetic reconstructions may have a
lower incidence of complications (ranging from 17.5% to
30%); dislocation was the most frequent, occurring in
nearly 26% of patients, followed by infection [10, 12, 27,
35, 39, 44, 50, 58, 59]. Allograft-prosthesis composites

with standard [1, 44, 55] or RTSA prostheses [7, 11, 15, 35,
47, 48] are reported to have an incidence of complications
ranging from 12% to 44%; the most frequent are graft-
related complications (nonunion and fracture), aseptic
loosening, infection, and dislocation [1, 7, 11, 15, 35, 44,
48, 55]. This proportion of complications may not be dif-
ferent from those after a modular RTSA prosthesis, but the
types of complications may be different. Dislocation is the
most frequent complication in our patients (Table 3), oc-
curring in the early postoperative period and with a
reported incidence of up to 22% [25, 32, 46], probably due
to differences in restoration of soft tissue tension or a sur-
gical technique. The main reason for dislocation in our
series was insufficient humeral component retroversion or
inadequate deltoid tension, associated with postoperative
hematomas, especially in resections longer than 10 cm.
When the deltoid is detached near the native humerus, as
occurs in longer resections, it may be difficult to reattach
the insertion and achieve the same tension as would occur
in shorted resections where the deltoid attachment is pre-
served. More patients will be needed to confirm this

Fig. 6 A-D These images show a 55-year-old woman who was treated with modular RTSA
after proximal humerus resection for Grade 2 chondrosarcoma. She had revision for aseptic
loosening after 2 years. Her functional results at 5.5 years of follow-up were excellent with
MSTS score of 30, CSn score of 97, ASES score of 92 and (A) external rotation of 75°, (B)
forward flexion of 90°, (C) abduction of 90°, and (D) internal rotation that reached T7.
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Table 3. Summary of the published studies reporting on modular RTSA reconstructions after proximal humerus resection: systematic review

Study
Patient
(n)

Mean age
(years), sex Diagnosis

Mean
resectionlength

(cm)
Mean follow-up

(months)
Oncologic
results Complications Functional results

Streitbuerger
et al. [53]

18 42,
M n/a
F n/a

Chondrosarcoma (5),
metastasis (5), Ewing’s
sarcoma (3),
osteosarcoma (2),
synovial sarcoma (1),
hemangiopericytoma (1),
Giant cell tumors (1)

15 34 (10 to 120) NED (11)
AWD (7)

Infection (1),
dislocation (4, 22%),
axillary nerve lesion (2)

Abduction 80°, flexion 84°,
internal rotation 47°,
external rotation 35°,
MSTS 83%

Guven
et al. [29]

10 49,
M n/a
F n/a

Chondrosarcoma (8),
myeloma (1), metastasis (1)

12 18 (6 to 27) NED (11) Dislocations (2, 20%),
scapular notching (2)

Abduction 88°, flexion 96°,
external rotation 13°,
CS 54,
MSTS 78%

Maclean
et al. [36]

8 48,
M 2
F 6

Chondrosarcoma (4),
metastasis (2), Ewing’s
sarcoma (1),
osteomyelitis

9 43 (36 to 55) NED (7)
DWD (1)

Aseptic loosening (1),
dislocation (1, 12%),
scapular notching (1)

Abduction 62°, flexion
71°,internal rotation 50°,
external rotation 50°,
MSTS 60%

Grosel
et al. [28]

13 n/a
M n/a
F n/a

n/a n/a n/a n/a No dislocation n/a

Current study 22 55,
M 9
F 13

Chondrosarcoma (10),
metastasis (6), myeloma
(4), giant cell tumors (2)

10 38 (24 to 94) NED (12)
AWD (5)
DWD (5)

Dislocation (4, 18%),
aseptic loosening (1)

Abduction 100°, flexion
114° ,
internal rotation up to T12
external rotation 58°
CS 60
CSn 64
ASES 80
MSTS 95%

NED= no evidence of disease; AWD= alive with disease; DWD=diedwith disease; CS = Constant score; CSn = normalized Constant score; ASES = American Shoulder and Elbow
Surgeons Shoulder Score; MSTS = Musculoskeletal Tumor Society functional rating system.
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supposition. In patients with dislocations, surgical revision
was usually easy and successful, performed with modified
prosthetic spacers, liner augmentation, or retroversion of a
humeral component. Infection did not occur in our series;
we believe that this is related to the use of silver-coating,
but more patients will need to be treated to confirm this
observation.

Outcomes Scores and Range of Motion

Patients in this small series achieved outcomes scores
(Constant, ASES, and MSTS scores) that generally were
good to very good, but usually were not excellent, which is
consistent with what one might expect in patients un-
dergoing proximal humerus resections that also sacrificed
the rotator cuff. These results may be defined as good to
very good for a complex reconstruction procedure such as
modular RTSA, according to Booker et al. [8] classifica-
tion; however, we were able to preserve an innervated
deltoid in all our patients, making our population a selected
group. Although these appear to be reasonable functional
results, the shoulder function of our patients was by no
means normal. These results may be superior to the results
of other reports in terms of ROM [1-3, 7, 9, 10, 12, 15-16,
19-23, 25, 27, 29, 31, 33-37, 39, 41-45, 47-48, 50-51,
53-56, 58-59], but in the absence of head-to-head com-
parisons, it is impossible to be certain; moreover, resection
in our patients retained the deltoid, which may not have
been the case in other reports. No reports have directly
compared this prosthesis to other options when patients
have this type of deltoid-sparing resection. The reported
functional outcome of the restored shoulder joint remains
poor [10, 12, 26, 35, 39, 44, 50, 58, 59], and inmost reports,
the prosthesis works only as a “spacer,” preserving the
function of the elbow, wrist, and hand, but not active
shoulder motion. In the rare instances in which it is possible
to preserve an innervated deltoid and the rotator cuff, the
best functional results (MSTS score ranging from 70% to
82%) were obtained with allograft-prosthesis composites
[44, 47, 48]. This reconstructive procedure combines the
advantages of biological reconstruction (better anchorage
of the soft tissues) with those of prosthetic reconstruction
[1, 20, 25, 34, 47]. Owing to the reported excellent func-
tional results and low incidence of complications in
patients with RTSA in a nononcologic setting, inverse
geometry has also been introduced after proximal humerus
resection when an innervated deltoid is spared [28, 29, 36,
53]. Initially, non-modular RTSA was combined with
allografts (RTSA-allograft-prosthesis composites). Func-
tional results were satisfactory, with a reported mean
Constant score of nearly 76, mean MSTS of nearly 67%,
mean abduction angle of nearly 157°, mean flexion angle of
nearly 122°, and external rotation ranging from 8° to 31°

[7, 11, 15, 35, 48]. Successively, to obtain satisfactory
functional results and avoid graft-related complications,
modular RTSA was introduced. All previous studies on
modular RTSA [28, 29, 36, 53] (Table 3) reported satis-
factory functional results according to MSTS score (mean
74%; range 43% to 97%), despite a wide variation of ROM
value and depending on whether or not the deltoid muscle
and axillary nerve were totally or partially preserved. In our
study, the functional results appear comparable or possibly
better, and this is likely due to the fact that we were able to
preserve an innervated deltoid muscle in all patients.
Moreover, since the MSTS score usually overestimates
functional results because the system is not selective
enough and it does not measure meaningful differences in
patients, we decided to add evaluations of functional out-
comes with specific shoulder scores in patients undergoing
standard prosthetic reconstruction (the Constant score and
the ASES score), giving a more objective assessment.

Conclusions

Modular RTSA appears to be a reasonable reconstruction
option after proximal humerus resections if an innervated
deltoid muscle is spared. Inverse geometry allows for good
function and modularity provides the possibility to restore
bone loss after resection. We cannot conclude that an RTSA
prosthesis is superior to other reconstruction options, but our
promising preliminary results indicate the need for a study
that will directly compare this procedure with other techni-
ques for the same type of resection. We believe that RTSA
may offer some advantages, and because of these, it deserves
further investigation.
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