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Abstract

Objective: To compare the efficacy and prognosis of reverse total shoulder arthroplasty (rTSA) with shoulder
hemiarthroplasty (SHA) using devitalized autograft or allograft composite reconstruction after proximal humeral
tumor resection.

Methods: We retrospectively reviewed patients who underwent SHA (32) and rTSA (20) for tumor resections of the
proximal humerus from January 2014 to July 2020. The clinical results included duration of the operation,
intraoperative blood loss, bone union, visual analog scale (VAS) score, shoulder range of motion (ROM), American
Shoulder and Elbow Surgeons (ASES) shoulder score, recurrence, and overall survival.

Results: Fifty-two patients were followed up for a mean of 30 months. Thirty-two patients were SHA with allograft-
prosthetic composite (APC) reconstructions, while other 20 were rTSA with devitalized autograft-prosthetic
composite reconstructions. At the end of the follow-up, 2 recurrence, 3 postoperative infections, and 4 subluxations
occurred among the SHA patients. Two patients in the rTSA group had postoperative anterior dislocation and
underwent revision surgery with surgical mesh, and 2 (2/20) had grade Il scapular notching. The mean VAS score of
the shoulder was 1.5 + 0.8 in the rTSA group and 2.3 + 1.2 in the SHA group (p < 0.05). The mean active forward
flexion of the shoulder joint was 50.6 + 6.0 in the SHA group and 100 + 7.6 in the rTSA group (p < 0.05). The ASES
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OS than patients in the SHA group (p = 0.04).

instability rate in the mid-term.

shoulder score was 78 + 3.0 in the rTSA group and 52 + 5.6 in the SHA group (p < 0.05). The overall 3-year survival
rate of all patients was 60.0%, and patients in the rTSA group showed better survival in terms of the mean 3-year

Conclusion: rTSA with devitalized autograft-prosthetic composite can offer a reasonable reconstruction of the
shoulder joint after Malawer type | tumor resection. Compared with patients who underwent SHA, patients who
underwent rTSA present good outcomes, a better range of motion, better bone union, and no increase in

Keywords: Reverse total shoulder arthroplasty, Hemiarthroplasty, Devitalized autograft

Background

The proximal humerus is a common location for both
primary and metastatic bone tumors, the second most
common site for all osseous sarcomas and the third
most common site for osteosarcoma [1, 2]. The main
goals of shoulder reconstruction are to restore function
and limit complications. Many reconstruction and
stabilization options are available after principle surgical
management, including allografts, allograft-prosthetic
composites (APCs), mega-prostheses, and more recently,
reverse total shoulder arthroplasty (rTSA). Patient activ-
ity, tumor characteristics, and anatomic involvement are
important factors to consider when selecting the optimal
reconstruction. The function of the affected limb can be
acceptable even if shoulder elevation is restricted. Fuhr-
mann et al. [3] reported that if the remaining muscle is
not sufficient to centralize the joint, the effect of a pros-
thesis would not differ from that of a spacer. However,
there is no consensus regarding the best reconstructive
technique following proximal humerus resection. Limb
salvage therapy for tumors of the shoulder is extremely
challenging because the shoulder girdle is essentially an
unstable anatomical structure requiring complex static
(scapula, clavicle, humerus, joint capsule, ligaments, etc.)
and dynamic stabilization systems (deltoid muscles, rota-
tor cuffs) to maintain performance, which are affected
following extensive surgical resection during shoulder
tumor resection [4]. Malawer et al. [5] proposed a shoul-
der girdle surgical classification according to the extent
of the surgical resection area, in which shoulder girdle
tumor surgery is divided into 6 types: intraarticular
proximal humerus resection (type I), extra-articular
proximal humerus resection (type II), intraarticular total
humerus resection (type III), extra-articular scapular and
humeral head resection (type IV), extra-articular total
humerus, and glenoid resection (type V), and extra-
articular humerus and scapular resection (VI). It is
worth noting that the type of resection does not depend
on the reconstruction method and that extra-articular
resection (IV ~ VI type) is important for cases where tu-
mors may involve the shoulder joints.

rTSA devices were designed in the early 1970s and
were mainly used in the treatment of severe osteo-
arthritis or rheumatoid arthritis with rotator cuff de-
fects at first, although recently, they are generally
accepted [6]. Their special biomechanical structure
provides different mechanisms for shoulder joint
movement; that is, it relies not on the integrity of the
rotator cuff but rather on the strength of the deltoid
muscle to produce good abduction, forward flexion
and lifting ability in the shoulder joint. Studies have
shown that rTSA is a feasible and effective method
for reconstructing bone defects after tumor resection
unless the patient has axillary nerve injury and a non-
functional deltoid muscle [7-9]. However, some prob-
lems remain with the underlying operation, such as
complications, scapular notching, the repair of limb
bone defects after large-scale tumor resection, and
soft-tissue reconstruction after deltoid muscle resec-
tion [10].

APC reconstruction has been used at various ana-
tomic sites to improve mechanical support and the
union of biological reconstruction composites. Few
studies have compared the efficacy and functional re-
sults of rTSA and shoulder hemiarthroplasty (SHA)
with APC or devitalized autograft-prosthetic compos-
ites. The current study aims to evaluate the efficacy
and mid-term functional results of SHA versus rTSA
after Malawer type I proximal humeral tumor resec-
tion with both devitalized autografts for bone defects
in rTSA reconstruction.

Materials and methods

Study cohort

We retrospectively reviewed patients aged between 18
and 75 years who underwent proximal humeral recon-
struction with shoulder SHA or rTSA for malignant or
progressively bone or soft-tissue tumors at Shanghai
General Hospital of Shanghai Jiaotong University
(Shanghai) between April 2014 and July 2020. Forty-
seven patients were included in our study. All patients
were classified as type I in the Malawer surgical classifi-
cation system for shoulder girdle resection [5]. Tumor
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staging was determined according to the Musculoskel-
etal Tumor Society (MSTS) Staging System [11] using
local radiography, computed tomography (CT) of the
chest, and magnetic resonance imaging (MRI). The
demographic and clinical data of the patients are de-
tailed in Table 1.

Preoperative management and assessment

All patients underwent preoperative radiologic evalu-
ation, including X-rays, CT scans, and nuclear MRI
scans, to evaluate the tumor margin and the degrees of
bone destruction and soft-tissue involvement. Pathology
was confirmed by bone biopsy under digital radiography
guidance before definitive tumor resection. For primary
and mono-metastatic lesions, positron emission
tomography-computed tomography (PET-CT) was per-
formed. No patients were confirmed to have axillary
neurovascular bundle involvement.

Tumor resection and devitalized autograft-prosthetic
composite rTSA reconstructions

In brief, general anesthesia combined with a brachial
plexus block was applied to all patients. The shoulder
and humeral diaphyses were exposed through a delto-
pectoral approach in a beach chair position. The
extended deltopectoral interval approach was approxi-
mately 10-15 cm long. The osteotomy was evaluated
with preoperative MRI. Generally, humeral osteotomy
was performed with a wire saw 2-3 cm from the dis-
tal end of the tumor. The tendon of the rotator cuff
was resected 1-1.5 cm from the greater and lesser tu-
berosity. The resected ends of the infraspinatus, teres
minor, and subscapular muscles were marked with
sutures. The axillary nerve was exposed and pro-
tected, and the joint capsule was thoroughly loosened.

Table 1 Patient demographic characteristics

Parameters rTSA SHA P value
N=20 N=32
Sex (M/F) 8/12 18/14 0.2629
Age, mean £ SD 462 £ 25 56 + 3.2 < 0.0001
Primary bone malignancy 15/20 8/32 0.0002
Metastatic tumors 3/20 18/32 0.0026
Aggressive bone tumors 2/20 6/32 04048
Operative duration 145 £ 24 120 £ 40 0.0150
Length of bone resection 85+38 12+48 0.0080
Allograft bone 0/20 28/32 -
Devitalized bone 20/20 0/32 -
Follow-up duration 338 +32 29.7 £ 45 0.0009
Surgical mesh 15/20 20/32 0.3579
Blood loss 800 + 35 650 + 60 < 0.0001
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For the rTSA procedure, the glenoid fossa was ex-
posed, the glenoid component was implanted in a sat-
isfactory position, and after adequate contact with
healthy native bone was ensured, secure component
fixation was obtained. When a malignant tumor was
resected, the length of the affected limb was matched
to the length of the resection as measured intraopera-
tively. In certain circumstances, the autograft could
be resected a few millimeters longer than the antici-
pated required length to allow fine adjustments and
obtain optimal fits and osteosynthesis junction. After
resection of tumor segment, the autograft is prepared
on the back table, the tumor tissue was removed
carefully from the segment, and then autograft usually
is devitalized by high-speed burring and dehydrated
alcohol for 30 min, preparing the medullary reaming
to receive the humeral stem. Prior insertion of hu-
meral stem, fills the devitalized proximal humeral seg-
ment with bone cement, inserts the humeral stem
and carefully removes the bone cement from the
osteotomy.

The attached autograft tendon was preserved, and
the tendon-bone interface was restored by drilling the
autograft bone, if needed. After the distal humerus
was reamed, a pulp plug was placed, and bone ce-
ment was inserted into the prosthesis of the humeral
stalk. Once the cement was completely cured, trial
implants were used to select the ideal thickness of
the humeral bearing. The ideal soft-tissue tension was
judged by the ease of relocation and the tension on
the deltoid, conjoined tendon, and other structures,
and the range of motion should be free of impinge-
ment. The humeral polyethylene bearing was im-
pacted onto the wupper portion of the humeral
component, and the joint was relocated. Soft-tissue
reconstruction depended on the remaining tissue after
performing adequate resection for the oncologic por-
tion of the procedure. If needed, the tendons of the
posterosuperior cuff, subscapularis, deltoid, and/or
pectoralis major were attached to their autograft
counterparts in an attempt to provide stability and
potentially a better line of pull for internal/external
rotation in abduction. For most rTSA patient, surgical
mesh were applied, the insertion of cuff was marked
with tendon suture carefully after resection of tumor.
The surgical mesh was cut to proper size to pack the
humeral stem after cemented prosthesis were fixed,
the tendon suture of rotator cuff and remaining joint
capsula were sutured to the surgical mesh using the
accessary insertion of the prosthesis.

The wound was closed in layers in a standard fashion.
For hemiarthroplasty procedures, there were no obvious
differences in tumor resection, osteotomy, soft-tissue re-
pair, and wound closure.
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Postoperative management

Closed suction drainage was maintained for 24 to 48 h
after surgery. Intravenous antibiotics, for example,
cefuroxime commonly, were routinely used postopera-
tively to prevent infection for 3 days. Postoperative
immobilization was used for all patients with a 45° ab-
duction brace for 4 weeks; active functional exercise of
the hand, wrist, and elbow joints was started the next
day after the operation. After 1 month, the brace was re-
moved, and patients started active mobilization with
pendulum movements limited to 30° of abduction, for-
ward flexion and extension, with a rehabilitation special-
ist helping prevent forced passive-assisted motion for
the first weeks, followed by full range of motion (ROM)
exercises.

Follow-up and function assessment

The patients in the two groups were followed up at the
2nd week, the 6th week, the 3rd month, the 6th month,
the 1st year, and every year up to 5 years after surgery.
General follow-up assessments included physical exami-
nations, plain radiographs, CT scans, measurements of
the shoulder range of motion, and shoulder function.
Functional evaluation of the shoulder joint was con-
ducted using the American Shoulder and Elbow Sur-
geons (ASES) shoulder score. The presence and location
of scapular notching in rTSA were determined on an-
teroposterior radiographs and 3D CT (coronal and axial
sections) by consensus interpretation by the authors.
Grading of the radiographs was performed using the sys-
tem described by Sirveaux et al. [12]. Outcomes includ-
ing recurrence, complications, and metastases were
reported along with the 3-year overall survival (OS).

Statistical analysis

All data were statistically analyzed using SPSS v.20.0
(SPSS, Inc., Chicago, IL, USA). Numerical data are
expressed as the mean values + SD, and categorical data
are described as absolute frequencies. The 3-year OS
rate and local recurrence between the two procedure
groups were evaluated using chi-square tests or Fisher’s
exact test. The ASES shoulder score was compared using
Student’s t tests. All survival data, including OS, were
analyzed using the Kaplan-Meier method and log-rank
test. Statistical significance was defined as a P value less
than or equal to 0.05 (P < 0.05).

Results

Patient characteristics in the study cohort and follow-up
results

Fifty-two patients were included in the current study, in-
cluding 20 rTSA and 32 SHA patients (Table 1). In the
r'TSA group, there were 8 males and 12 females, and in
the SHA group, there were 18 males and 14 males. The
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age of the patients in the rTSA group was 46.2 + 2.5
years, and that in the SHA group was 56 + 3.2 years (p <
0.05). Overall, the most frequent histopathologic tumor
subtypes were chondrosarcoma (12) and giant cell tumor
of bone (8), followed by 11 osteosarcomas, and 21
metastatic lesions, including 8 lung cancers, 6 renal
cell carcinomas, 4 gastric cancers, 2 colorectal can-
cers, and 1 myeloma. The operative duration of the
rTSA group was 145 + 24 min, and that of the SHA
group was 120 + 40 min (P = 0.01). The length of
the bone osteotomy for patients in the rTSA group
was 8.5 + 3.8 c¢cm, and that for patients in the SHA
group was 12 + 4.8 cm (P = 0.008).

Fifty-two patients were followed up for a mean of ap-
proximately 30 months (3-60 months). At the end of the
follow-up, 2 patients in the rTSA group had postopera-
tive anterior dislocation and underwent revision surgery
with surgical mesh, while 2 patients had grade II scapu-
lar notching in the rTSA group. And in the SHA group,
2 recurrence, 3 postoperative infections and 4 subluxa-
tions had occurred. The scores remained satisfactory, al-
though late complications occurred. Three patients in
the SHA group had superficial postoperative infections,
2 experienced wound healing after changing the dress-
ings for 1 month, and one patient recovered after skin
grafting for skin necrosis. One patient with chondrosar-
coma of the proximal humerus in the SHA group had
shoulder subluxation 1 month after surgery. Because of
patient noncompliance with immobilization, the patient
was then placed into a shoulder abduction brace for 1
month and performed exercises at a rehabilitation clinic
with favorable functional results. Two patients in the
SHA group had asymptomatic subluxation during the
follow-up visit, and no further treatment was taken. Two
patients in the rTSA group had postoperative anterior
dislocations and underwent revision surgery with a sur-
gical mesh. At the time of the last follow-up visit, no re-
currence was observed in any surviving patients. No
subsequent metastasis was confirmed in patients with a
primary malignant tumor. The overall 3-year survival of
all patients was 60.0%, and patients in the rTSA group
showed better survival than patients in the SHA group
(P = 0.043) (Fig. 1).

Functional follow-up results of patients in the rTSA and
SHA groups

Patients with rTSA reconstruction presented with better
shoulder ROM in forward flexion and abduction than
those who underwent SHA at the 12-month follow-up
(Table 2). Two patients in the rTSA group had grade II
scapular notching. The functional follow-up results dem-
onstrated that the patients treated with rTSA achieved a
better outcome. Significantly better bone union was seen
in r'TSA (16/20) than patients in SHA group (8/32) (p <
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Fig. 1 (a) The overall survival of patients during the follow-up; (b) comparison of the survival between rTSA patients and SHA patients during
the follow-up

0.05). The mean visual analog scale (VAS) score of the
shoulder was 1.5 + 0.8 in the rTSA group and 2.3 + 1.2
in the SHA group (P = 0.0112). The mean active forward
flexion of the shoulder joint was 95 + 5.6 in the rTSA
group and 55.6 + 8.0 in the SHA group (P = 0.0026).
The ASES shoulder score was 78 + 3.5 in the rTSA
group and 52 + 5.6 in the SHA group (P = 0.0040). We
also observed a trend showing that patients in the SHA
group demonstrated deteriorating functional scores at
the 24-month and 36-month follow-up visits, while pa-
tients who underwent rTSA tended to have satisfactory
and stable functional scores during follow-up.

Typical rTSA and SHA cases in our study cohort.

Case 1: A patient who underwent SHA and APC
reconstruction

A 55-year-old male who was diagnosed with humeral
osteosarcoma (Enneking III) underwent SHA and APC
reconstruction (Fig. 2). Preoperative anteroposterior

Table 2 Clinical and functional follow-up outcomes

(AP) X-ray indicated osteogenic lesions and pathological
fractures in the proximal humerus. Postoperative AP X-
ray 6 months later indicated stable joint function and
alignment.

Case 2: A patient who underwent rTSA and autograft-
prosthetic composite reconstruction

A 3l-year-old female who was diagnosed with left hu-
meral osteosarcoma (Enneking IIB) underwent rTSA
and devitalized autograft-prosthetic composite recon-
struction (Fig. 3). Preoperative AP X-ray and MRI indi-
cated an osteogenic lesion and pathological fracture in
the left caput humeri. Six months later, postoperative X-
ray images and functional follow-up indicated stable
joint function and alignment.

Discussion
Anatomic reconstruction of the proximal humerus per-
formed for tumor resection involving rotator cuff

Parameters rTSA Hemiarthroplasty P value
N=20 N=32
Revision surgeries 2/20 0/32 0.0704
Infections 0/20 3/32 0.1646
Local recurrence 0/20 2/32 0.2629
Dislocations 2/20 0/32 0.0704
Subluxations 0/20 4/32 0.1037
Bone unions (12 months) 16/20 8/32 < 0.0001
Bone resorptions (12 months) 4/20 24/32 < 0.0001
VAS score 15+08 23+12 0.0112
Forward flexion 95+ 56 556+ 80 < 0.0001
Abduction (at the end of follow-up) 110 = 10 255+ 50 < 0.0001
External rotation 25+ 45 5+£15 < 0.0001
Abduction (12 months) 100+ 76 506 + 6.0 < 0.0001
ASES score, mean + SD (12 months) 78 + 35 52+56 < 0.0001




Zuo et al. Journal of Orthopaedic Surgery and Research

(2021) 16:453

Page 6 of 9

up indicated stable joint function and alignment

Fig. 2 Case 1 (a, b) Preoperative AP X-ray indicates an osteogenic lesion and pathological fracture in the proximal humerus. (c) Six-month
postoperative AP X-ray indicates stable joint function and alignment. (d, e) Surgical sample of the humeral osteosarcoma. (f1-2) Functional follow-

insertions has been used to maintain a cosmetic appear-
ance and shoulder stability, but the resulting shoulder
function is typically being limited. Reconstruction op-
tions, including prostheses, biological reconstruction,
and shoulder arthrodesis, have been reported with com-
parable oncological follow-up results in terms of the
mean survival and tumor recurrence [1, 13—15]. How-
ever, several complications can result from the pros-
thesis procedures, including the risk of deep infection,
loosening, proximal migration, distal subluxation, and
periprosthetic fractures. Biological reconstructions such
as arthrodesis [16—18], vascularized fibular grafts, clav-
icle pro humerus [19], and osteoarticular allografts have
been reported to have a high incidence of complications,

including bone graft failure, aseptic proximal pseudar-
throsis, and necrosis of the skin [20]. Several case series
have reported complication rates of approximately 20-
50% for rTSA patients, including shoulder instability,
dislocation, and aseptic loosening [7—9]. Several studies
have reported encouraging case series results for rTSA
in oncological reconstruction of the humerus, but only
T.W. Grosel et al. [21] has directly compared the out-
come and function details with rTSA and SHA recon-
struction. In our current study, patient outcome and
functional follow-up were assessed in rTSA group and
SHA group, significant better function and bone union
rate were reported in rTSA group, meanwhile the rate of
complications or revision surgery was similar between
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Fig. 3 Case 2 (a, b) Preoperative AP X-ray and MRI indicate an osteogenic lesion and the pathological fracture in the left caput humeri. (c)
Surgically inactivated isolated autogenous graft. (d) Postoperative AP X-ray. (e, f1-4) Six months later, the postoperative X-ray image and
functional follow-up indicated stable joint function and alignment

hemiarthroplasty patients (8/32) and patients in the
r'TSA group (2/20). And no recurrence was indicated in
rTSA group.

In the current study, patients with rTSA showed sig-
nificantly better ROM in forward flexion and abduction.
We reported a mean 100° active forward flexion among
rTSA patients versus 50.6° among SHA patients. T.W.
Grosel et al. [21] reported a mean forward flexion of 85°
for rTSA patients and 28° for hemiarthroplasty patients.
Lazerges et al. [22] reported similar functional results in
a series of 6 rTSA patients, with a mean shoulder range
of motion of 95 + 5.6° for forward flexion. In a case
series involving 8 patients, Maclean et al. [23] found a
mean forward flexion of 71°. Our functional results for
rTSA are similar to what has been reported, and we

found a better shoulder function score and forward
flexion and abduction range of motion than for APC
hemiarthroplasty reconstruction. T.W. Grosel et al. [21]
also compared rTSA with hemiarthroplasty and found
that compared with hemiarthroplasty patients, rTSA pa-
tients had similar outcomes, a better range of motion,
and no increase in the instability rate. This is in accord-
ance with our research findings; rTSA patients in our
study presented better functional scores and ranges of
motion. In addition, rTSA patients have been reported
to have an advantage in postoperative pain. Notably, the
average length of the humerus osteotomies in the SHA
group was longer than that in the rTSA group, which in
turn may result in more soft-tissue release during tumor
resection. We also observed that 4/20 rTSA and 24/32
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SHA reconstruction patients presented with nonunion
in 12 month follow-up visit. The higher VAS score
among the SHA patients could be caused by the instabil-
ity of APC reconstruction, and long-term follow-up or
alternatives with modular prostheses may be a solution
instead of APC reconstruction. Giulia Trovarelli et al.
[24] investigated 22 patients who underwent reconstruc-
tion with modular rTSA. They reported one shoulder
dislocation and one aseptic loosening out of four pa-
tients. The function in these patients on the outcome
scales was generally satisfactory, and the implant survival
in patients with major complications (aseptic loosening,
breakage, and infection) was 94% 3 and 5 years postop-
eratively, showing obvious superiority in short-term
function and implant complications to APC reconstruc-
tion. Scapular notching is frequently observed following
rTSA. Joel Kolmodin et al. [25] reported that 59% (17/
29) of patients had scapular notching after rTSA for ro-
tator cuff tears. We observed that 2 of 20 rTSA patients
had grade II notching. The relatively small number of
patients and the non-randomized research design could
also contribute to the current conclusion, and future
studies should be performed using a larger sample size
and a longer-term follow-up period.

In the current study, rTSA with devitalized autograft-
prosthetic composite reconstruction showed significantly
better function and bone union results than SHA with
conventional APC. Allograft bone often serves as a
mechanical support junction and spacer after bone seg-
ment resection in bone tumor surgery. Postoperative
nonunion and graft bone resorption are very common
during follow-up, while devitalized autografts provide
anatomic support and precise reconstruction during
bone union, thus reducing the possibility of bone loss
and instability. Surprisingly, bone-graft nonunion only
occurred in 4 patients (20%) who underwent pasteurized
autograft-prosthetic composite reconstruction at the 12-
month follow-up, which is relatively common among
APC patients. Although the autograft is devitalized by
high-speed burring and dehydrated alcohol, careful re-
moval of the cement and close contact of the host bone
and the devitalized autograft at the osteotomy location
may contribute to bone union after surgery. Thus, we
prefer devitalized autograft-prosthetic composite to trad-
itional autograft-prosthetic composite reconstruction in
patients with low-grade bone malignancy, especially in
patients with localized lesions in the bone.

This study, to our knowledge, included more patients
than any other published research, and the using of
deviatalized bone combined with prosthesis in rTSA
shoulder reconstruction is also a novelty. While it still
had its limitation. Our study is a retrospective, non-
randomized case-control study involving patients with
heterogeneous diagnoses. The selection biases could be
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attributed to the fact that rTSA implants cost twice as
much as conventional proximal humeral prostheses in
China, and younger patients and those with a better
prognosis were prioritized for rTSA reconstruction. This
may have led to a better overall survival rate in the rTSA
group than in the SHA group. Studies involved a larger
cohort or a longer following-up will verify our results.

Abbreviations

rTSA: Reverse total shoulder arthroplasty; SHA: Shoulder hemiarthroplasty;

VAS: Visual analog scale; ROM: Shoulder range of motion; ASES: American

Shoulder and Elbow Surgeons; APC: Allograft-prosthetic composite;

MSTS: Musculoskeletal Tumor Society; CT: Computed tomography;

MRI: Magnetic resonance imaging; PET-CT: Positron emission tomography-
computed tomography; ROM: Range of motion; OS: Overall survival

Acknowledgements
Not applicable.

Authors’ contributions

DZ collected the patient data and was a major contributor in writing the
manuscript. HM participated in the following-up of the patients and assisted
to complete the manuscript. DZ, QY, MS, JS, HW, XM, CW, CL, and WS to-
gether made the treatment plan of the patients. ZC and WS reviewed the
manuscript to complete this work. The authors read and approved the final
manuscript.

Funding
This study was supported by grants from the National Natural Science
Foundation of China (No. 81802985 and No. 81772859).

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate

All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national
research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Consent for publication

Written informed consent was obtained from the patients for publication of
this article and any accompanying images. A copy of the written consent is
available for review by the Editor-in-Chief of this journal.

Competing interests
All authors declare that they have no conflicts of interest concerning this
article.

Author details

'Department of Orthopedic Oncology, Shanghai General Hospital Affiliated
with Shanghai Jiaotong University, No. 100 Haining Road, Hongkou District,
Shanghai 200080, China. 2Shanghaﬂ Bone Tumor Institute, Shanghai, China.
*Department of Thoracic Surgery, Shanghai Tenth People’s Hospital affiliated
with Tongji University, 301 Yanchang Road, Shanghai, China. “Department of
Rehabilitation, Shanghai General Hospital Affiliated with Shanghai Jiaotong
University, No. 100 Haining Road, Shanghai, China.

Received: 24 March 2021 Accepted: 13 May 2021
Published online: 14 July 2021

References

1. Teunis T, Nota SP, Hornicek FJ, Schwab JH, Lozano-Calderon SA. Outcome
after reconstruction of the proximal humerus for tumor resection: a
systematic review. Clin Orthop Relat Res. 2014;472(7):2245-53. https://doi.
0rg/10.1007/511999-014-3474-4.


https://doi.org/10.1007/s11999-014-3474-4
https://doi.org/10.1007/s11999-014-3474-4

Zuo et al. Journal of Orthopaedic Surgery and Research

20.

21.

22.

Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer Treat Res.
2009;152:3-13. https://doi.org/10.1007/978-1-4419-0284-9_1.

Fuhrmann RA, Roth A, Venbrocks RA. Salvage of the upper extremity in
cases of tumorous destruction of the proximal humerus. J Cancer Res Clin
Oncol. 2000;126(6):337-44. https;//doi.org/10.1007/5004320050353.

Sirveaux F. Reconstruction techniques after proximal humerus tumour
resection. Orthopaedics & Traumatology, Surgery & Research. 2019;105(195):
S153-64. https//doi.org/10.1016/j.0tsr.2018.04.024.

Malawer MM, Meller |, Dunham WK. A new surgical classification system for
shoulder-girdle resections. Analysis of 38 patients. Clin Orthop Relat Res.
1991,267:33-44.

Choi S, Bae JH, Kwon YS, Kang H. Clinical outcomes and complications of
cementless reverse total shoulder arthroplasty during the early learning
curve period. J Orthop Surg Res. 2019;14(1):53. https.//doi.org/10.1186/51301
8-019-1077-1.

De Wilde L, Boileau P, Van der Bracht H. Does reverse shoulder arthroplasty
for tumors of the proximal humerus reduce impairment? Clin Orthop Relat
Res. 2011;469(9):2489-95. https://doi.org/10.1007/511999-010-1758-x.
Bonnevialle N, Mansat P, Lebon J, Laffosse JM, Bonnevialle P. Reverse
shoulder arthroplasty for malignant tumors of proximal humerus. J Shoulder
Elb Surg. 2015;24(1):36-44. https://doi.org/10.1016/}.jse.2014.04.006.

Guven MF, Aslan L, Botanlioglu H, Kaynak G, Kesmezacar H, Babacan M.
Functional outcome of reverse shoulder tumor prosthesis in the treatment
of proximal humerus tumors. J Shoulder Elb Surg. 2016;25(1):e1-6. https://
doi.org/10.1016/j.j5€.2015.06.012.

Li J, Zhou J, Wang D, Li D, Zhang W. Applied anatomical study on
suprascapular nerve protection in reverse total shoulder arthroplasty. J
Orthop Surg Res. 2020;15(1):524. https://doi.org/10.1186/513018-020-02
061-2.

Enneking WF, Spanier SS, Goodman MA. A system for the surgical staging
of musculoskeletal sarcoma. Clin Orthop Relat Res. 1980;153:106-20.
Sirveaux F, Favard L, Oudet D, Huquet D, Walch G, Mole D. Grammont
inverted total shoulder arthroplasty in the treatment of glenohumeral
osteoarthritis with massive rupture of the cuff. Results of a multicentre
study of 80 shoulders. Journal of Bone and Joint Surgery British Volume
(London). 2004;86(3):388-95.

Wang Z, Guo Z, Li J, Li XD, Sang HX. Functional outcomes and
complications of reconstruction of the proximal humerus after intra-articular
tumor resection. Orthop Surg. 2010;2(1):19-26. https;//doi.org/10.1111/j.1
757-7861.2009.00058.x.

Shammas RL, Avashia YJ, Farjat AE, Catanzano AA, Levin LS, Eward WC, et al.
Vascularized fibula-based physis transfer: a follow-up study of longitudinal
bone growth and complications. Plastic and Reconstructive Surgery Global
Open. 2017;5(5):e1352. https://doi.org/10.1097/GOX.0000000000001352.
Piccioli A, Maccauro G, Rossi B, Scaramuzzo L, Frenos F, Capanna R. Surgical
treatment of pathologic fractures of humerus. Injury. 2010;41(11):1112-6.
https://doi.org/10.1016/j.injury.2010.08.015.

Mimata Y, Nishida J, Sato K, Suzuki Y, Doita M. Glenohumeral arthrodesis for
malignant tumor of the shoulder girdle. J Shoulder Elb Surg. 2015;24(2):
174-8. https://doi.org/10.1016/}jse.2014.05.023.

Viehweger E, Gonzalez JF, Launay F, Legre R, Jouve JL. Bollini G: [Shoulder
arthrodesis with vascularized fibular graft after tumor resection of the
proximal humerus]. Rev Chir Orthop Reparatrice Appar Mot. 2005;91(6):523-
9. https://doi.org/10.1016/50035-1040(05)84442-3.

Ziranu A, Lillo M, Fantoni M, Maffulli N, Maccauro G. Single dose cefazolin is
safe and effective for pre-operative prophylaxis in orthopaedic oncology. J
Biol Regul Homeost Agents. 2018;32(6 Suppl. 1):45-9.

Barbier D, De Billy B, Gicquel P, Bourelle S, Journeau P. Is the clavicula pro
humero technique of value for reconstruction after resection of the
proximal humerus in children? Clin Orthop Relat Res. 2017;475(10):2550-61.
https.//doi.org/10.1007/511999-017-5438-y.

D'Adamio S, Ziranu A, Cazzato G, Sanguinetti M, Manicone PF, Rosa MA,

et al. Antifungal properties of silver coating on tumour endoprostheses: an
in vitro study. Eur Rev Med Pharmacol Sci. 2019;23(2 Suppl):252-7. https;//
doi.org/10.26355/eurrev_201904_17499.

Grosel TW, Plummer DR, Mayerson JL, Scharschmidt TJ, Barlow JD.
Oncologic reconstruction of the proximal humerus with a reverse total
shoulder arthroplasty megaprosthesis. J Surg Oncol. 2018;118(6):867-72.
https://doi.org/10.1002/j50.25061.

Lazerges C, Dagneaux L, Degeorge B, Tardy N, Coulet B, Chammas M.
Composite reverse shoulder arthroplasty can provide good function and

(2021) 16:453

23.

24.

25.

Page 9 of 9

quality of life in cases of malignant tumour of the proximal humerus. Int
Orthop. 2017;41(12):2619-25. https://doi.org/10.1007/500264-017-3538-7.
Maclean S, Malik SS, Evans S, Gregory J, Jeys L. Reverse shoulder
endoprosthesis for pathologic lesions of the proximal humerus: a minimum
3-year follow-up. J Shoulder Elb Surg. 2017;26(11):1990-4. https.//doi.org/1
0.1016/}.j5€.2017.04.005.

Trovarelli G, Cappellari A, Angelini A, Pala E, Ruggieri P. What is the survival
and function of modular reverse total shoulder prostheses in patients
undergoing tumor resections in whom an innervated deltoid muscle can
be preserved? Clin Orthop Relat Res. 2019;477(11):2495-507. https://doi.
0rg/10.1097/CORR.0000000000000899.

Kolmodin J, Davidson IU, Jun BJ, Sodhi N, Subhas N, Patterson TE, et al.
Scapular notching after reverse total shoulder arthroplasty: prediction using
patient-specific osseous anatomy, implant location, and shoulder motion. J
Bone Joint Surg Am. 2018;100(13):1095-103. https://doi.org/10.2106/JBJS.17.
00242.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/978-1-4419-0284-9_1
https://doi.org/10.1007/s004320050353
https://doi.org/10.1016/j.otsr.2018.04.024
https://doi.org/10.1186/s13018-019-1077-1
https://doi.org/10.1186/s13018-019-1077-1
https://doi.org/10.1007/s11999-010-1758-x
https://doi.org/10.1016/j.jse.2014.04.006
https://doi.org/10.1016/j.jse.2015.06.012
https://doi.org/10.1016/j.jse.2015.06.012
https://doi.org/10.1186/s13018-020-02061-2
https://doi.org/10.1186/s13018-020-02061-2
https://doi.org/10.1111/j.1757-7861.2009.00058.x
https://doi.org/10.1111/j.1757-7861.2009.00058.x
https://doi.org/10.1097/GOX.0000000000001352
https://doi.org/10.1016/j.injury.2010.08.015
https://doi.org/10.1016/j.jse.2014.05.023
https://doi.org/10.1016/S0035-1040(05)84442-3
https://doi.org/10.1007/s11999-017-5438-y
https://doi.org/10.26355/eurrev_201904_17499
https://doi.org/10.26355/eurrev_201904_17499
https://doi.org/10.1002/jso.25061
https://doi.org/10.1007/s00264-017-3538-7
https://doi.org/10.1016/j.jse.2017.04.005
https://doi.org/10.1016/j.jse.2017.04.005
https://doi.org/10.1097/CORR.0000000000000899
https://doi.org/10.1097/CORR.0000000000000899
https://doi.org/10.2106/JBJS.17.00242
https://doi.org/10.2106/JBJS.17.00242

	Abstract
	Objective
	Methods
	Results
	Conclusion

	Background
	Materials and methods
	Study cohort
	Preoperative management and assessment
	Tumor resection and devitalized autograft-prosthetic composite rTSA reconstructions
	Postoperative management
	Follow-up and function assessment
	Statistical analysis

	Results
	Patient characteristics in the study cohort and follow-up results
	Functional follow-up results of patients in the rTSA and SHA groups
	Typical rTSA and SHA cases in our study cohort.
	Case 1: A patient who underwent SHA and APC reconstruction
	Case 2: A patient who underwent rTSA and autograft-prosthetic composite reconstruction


	Discussion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Declarations
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

