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Resection arthroplasty of the proximal humerus following 
chondrosarcoma removal and reconstructive failure:
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Abstract

Introduction: Proximal humeral reconstructive alternatives in 
orthopedic oncology are well described, but the literature regarding 
post-failure salvage is sparse. This report details a multiply failed 
humeral reconstruction that ultimately resulted in resection 
arthroplasty. Although initial tumor resection was treated with an 
intercalary reconstruction, this case is unique in that its sequelae are 
equally applicable to failures of proximal humeral reconstruction.

Case presentation: We report a 61-year-old Caucasian woman 
with ultimate removal of a second proximal humeral reconstruction 
twenty-two years after initial grade I chondrosarcoma resection, 
leaving essentially a shoulder resection arthroplasty.

Conclusion: The patient’s acceptance of resection arthroplasty 
in this case suggests that not all failures of proximal humeral 
major reconstructive procedures need to be revised to another 
reconstruction. Resection arthroplasty is much less complex than 
revision surgery, requires little healing time, expedites recovery, 
minimizes subsequent further complications and allows for excellent 
pain relief. Resection arthroplasty may be a plausible approach 
after failed orthopedic oncology humeral reconstruction in carefully 
selected patients.
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Introduction

Failures of orthopedic oncology reconstructions include 
infection, fracture, subluxation, dislocation, component 
loosening, tumor progression and non-union [1]. Failures of 
proximal humeral reconstructions are no exception [2]. When the 
proximal humerus can be spared, intercalary humeral allografts 
are commonly utilized but have failure rates of 15% [3]. Salvage 
options of failed reconstructions include revision or conversion 
to a different reconstruction. Both have been reported, but 

there is sparse literature on resection arthroplasty. We report a 
61- year-old woman with ultimate removal of a second proximal 
humeral reconstruction after index chondrosarcoma resection, 
leaving essentially a shoulder resection arthroplasty.

Case presentation

A 42-year-old woman underwent en-bloc resection of a very 
proximal right humeral diaphyseal grade I chondrosarcoma 22 
years ago with intercalary allograft reconstruction using plate 
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Figure 1: A-B: Two view plain radiographs of right humerus 
show failure of internal fixation of proximal humeral intercalary 
allograft leaving only the humeral head proximally that has also 
been compromised by erosion due to cut-out of the blade plate. 
Fracture and dissolution of the allograft as well as breakage of the 
plate is shown.

Figure 3: Plain radiographs of right humerus obtained 22 years 
after initial presentation, 3 years post-resection.

Figure 2: Plain radiograph obtained 6 weeks status post resection 
arthroplasty and hardware removal of right humerus(one retained 
broken screw is still present in the retained fragment of humeral 
head, and fragments of wire remain in the associated soft tissues).
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and screw fixation. This aggressive approach was selected 
because extended intralesional curettage and cementation 
was not yet a widely accepted treatment for low grade 
chondrosarcoma. An intercalary proximal humeral segment 
with the tumor was removed, sparing only the humeral 
head, and due to the limited remaining epiphyseal bone and 
compromised rotator cuff attachments, a GORE-TEX Vascular 
Graft (Flagstaff, AZ) was used about the remaining humerus and 
allograft for soft tissue reconstruction. The intercalary allograft 
segment was supplemented with intramedullary Simplex 
Tobramycin bone cement (Howmedica Inc. Rutherford, N.J.) to 
minimize fracture and resorption. A proximal humeral 90° blade 
plate was supplemented by two other plates and 18-gauge 
wire. Two months postoperatively, the patient presented 
with pain. X-rays revealed windshield wiping of the blade 
plate, indicating early proximal fixation failure. Revision was 
undertaken. The cavity formed due to windshield wipering of 
the blade plate was curetted, and a wedge of cortical cancellous 
iliac crest was tamped into the space distal to the blade plate 
followed by supplemental screw fixation. Fifteen months later, 

the patient presented with pain, and motion at the non-union 
site. Radiographs showed further windshield wiper effect of the 
blade plate with broken wire, but the patient declined revision 
at that time and again a year later despite worsening pain. 
Nineteen years postoperatively (age 61), patient returned again 
with worsening pain. Physical examination showed accessory 
motion within the proximal one-third of the humerus, palpable 
hardware, and flail shoulder. X-rays revealed complete osteolysis 
of entire intercalary allograft construct with broken hardware. 
Only a small piece of residual humeral head remained with 
posterior subluxation and no other bone to the distal one-third 
of the native humerus. The proximal portion of the blade plate 
eroded the undersurface of the acromial process and glenoid 
cavity. Laboratory testing showed an elevated ESR and CRP, 
with a normal WBC. The patient declined surgical intervention. 
Later that year, the patient opted for hardware removal, but 
declined reconstruction. Hence, broken plates, free-floating 
screws, and cement fragments were removed, but no allograft 
remained. Pathology review showed no tumor recurrence or 
acute inflammation and cultures were negative. Twenty-two 
years after initial presentation, the patient reports resection 
arthroplasty provided her 100% pain relief. She has profound 
functional limitations and is unable to rake, hold heavy objects, 
lift with the arm, or abduct the arm past 15 degrees. Her 
MSTS score is 14/30, with motion 0/5 for motion, 5/5 pain, 
0/5 stability, 5/5 deformity, strength 0/5, functional disabilty 
1/5, andemotional acceptance 3/5. X-rays at latest follow-up 
showed no changes (Figure 3).

Discussion

Intercalary humeral reconstructions carry their own risks as 
illustrated by this case. Complications of both intercalary and 
proximal humeral reconstruction are relevant in this case as it 
ultimately led to proximal humeral resection arthroplasty. Re-
sults of intercalary humeral allograft reconstructions are imper-
fect [3]. Ognik et. Al reported 27% revision rate of intercalary 
allografts with median three years to revision surgery, as seen 
with our patient [4]. Common causes of intercalary allograft 
failure include nonunion (40%), fracture (29%), and infection 
(14%), with reoperation in 70% of patients [3]. When the in-
tercalary humeral allograft fails proximally, the humeral head 
may have to be resected, creating an intra-articular proximal 
humeral defect. Proximal humeral allograft and osteoarticular 
allograft reconstructions complication rates are also high. A sys-
tematic review showed MSTS (Musculoskeletal Tumor Society) 

 

 

 

 

 

 
Figure 2: Plain radiograph obtained 6 weeks status post resection arthroplasty and hardware removal of right 
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scores of 57% to 91% following allograft-prosthesis composite 
reconstruction [2]. Although recent reports with reverse total 
shoulder APC have shown improvements, most reconstruc-
tive options limit shoulder mobility and function. In a system-
atic review of proximal humeral reconstruction options (reverse 
shoulder arthroplasty, hemiarthroplasty, megaprosthesis, APC, 
OAA, allograft arthrodesis and autograft arthrodesis) following 
proximal humeral tumor resection, allograft containing con-
structs had the highest rates of mechanical failure [5]. Failure 
rates of allografts are significantly higher among patients over 
eighteen, and patients undergoing diaphyseal reconstruction3. 
Bus et. al also found when analyzing time to failure for allograft 
reconstructions, bridging plate fixation and age greater than 
eighteen years old were the top factors [3]. Published reports 
of humeral revision options are sparse. While intercalary graft 
failure is common, Mourikis et. al reported 77% overall success 
following revision [6]. Options for revision include supplemen-
tal autograft (vascularized fibula or iliac crest bone graft), repeat 
allograft reconstruction or conversion to an endoprosthesis. Ip-
polito et. al reported 88% allograft preservation and 98% limb 
salvage after autograft supplementation of intercalary allograft 
reconstruction [7]. Although endoprosthesis salvage of failed 
intercalary allograft is an acceptable alternative, long-term du-
rability is dubious, and risks include abductor muscle damage 
and inadequate proximal fixation [8,9]. 

In the proximal humerus, failure due to subluxation or 
dislocation can be salvaged with conversion to a reverse 
shoulder arthroplasty with good functional result [10]. In a 
single case report, an osteoarticular allograft reconstruction 
following proximal humeral osteosarcoma resection required 
three subsequent procedures to address non-union and 
hardware failure, ultimately requiring intramedullary nail 
fixation and vascularized fibular autograft [11]. Although no 
literature regarding resection arthroplasty for failed humeral 
reconstructions after tumor resection was found, relevant 
articles were identified in orthopedic trauma and arthroplasty. 
A systematic review comparing the results of exchange 
arthroplasty to permanent spacer or resection arthroplasty 
of shoulder prosthesis found no significant difference in 
postoperative function among the three modalities [12]. 
Although indications for shoulder resection arthroplasty are 
not absolute, resection arthroplasty is generally considered 
a salvage procedure for failed replacement, infection, or 
septic arthritis [13]. A retrospective study following failed 
nononcologic shoulder arthroplasty found 71% of patients 
were satisfied with the outcome of resection arthroplasty, and 
86% would make the choice again [14]. Similarly, Pelligrini et, 
al studied two cohorts who underwent two-stage revision of 
shoulder prosthesis for non-oncology indications compared 
to placement of a permanent antibiotic spacer following 
periprosthetic shoulder infection. Follow up demonstrated no 
significant difference found regarding infection clearance or 
functional ability, but a higher complication rate in the two-stage 
revision cohort [15]. Results suggested two-stage revision may 
be favorable in younger adults, yet antibiotic spacer placement 
may provide satisfactory functionality for older patients with 
fewer functional needs [15]. Risopli et. al studied [18] non-
oncologic patients who underwent resection arthroplasty of the 
shoulder following indications of active infection, chronic pain 
and glenohumeral instability, concluding that this approach 
provided significant pain relief in the majority of patients, with 
55% reporting no or little pain at follow up, but 14 of 18 with 
profound functional limitations post-resection [13]. Our patient 

also had excellent pain relief, and although she rated emotional 
acceptance on the MSTS scale as 1/5, she declined repeated 
offers for revision arthroplasty.

Conclusion

Resection arthroplasty following failed oncology 
reconstructions of the proximal humerus or, in this case, 
the proximal humeral diaphysis, to our knowledge, has not 
been previously reported as a salvage procedure. Resection 
arthroplasty is much less complex than revision surgery, requires 
little healing time, expedites recovery, minimizes subsequent 
further complications and allows for excellent pain relief. As 
reported in trauma and shoulder arthroplasty literature, good 
pain relief and acceptable patient satisfaction can be achieved, 
albeit with profound functional loss.

Clinical message

Resection arthroplasty may be a plausible approach after 
failed orthopedic oncology humeral reconstruction in carefully 
selected patients. This surgical alternative should be considered 
for patients with multiple reconstructive failures who are still 
experiencing pain and desire a less intensive surgical option 
with quicker recovery time.
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