
Aim of the study: Primary bone tu-
mours are relatively rare, but their di-
agnosis and treatment is difficult and 
connected with a high risk of compli-
cations. The goal of this report is a ret-
rospective evaluation of outcomes in 
patients with primary tumours of the 
humerus treated in our centre with 
the use of modular endoprosthetic re-
construction.
Material and methods: Currently, 
surgical treatment is a standard pro-
cedure for local therapy, with wide 
tumour-free margin resection after  
a planned multidisciplinary and indi-
vidualised strategy of tumour man-
agement based on the diagnostic 
biopsy result. The best option for pa-
tients to avoid disability is simultane-
ous surgical reconstruction aiming to 
spare the limb and its functionality. 
Results: In this report, we present the 
results of treatment of our 11 adult 
patients suffering from primary bone 
tumours of the humerus, who have 
undergone wide bone resection fol-
lowed by reconstruction with the use 
of a modular MUTARS® endoprosthe-
sis.  
Conclusions: The study showed that 
prosthetic reconstruction of the re-
sected humerus due to a primary 
bone tumour is safe and acceptable 
for patients; despite the fact that 
limitation of active abduction of the 
shoulder is up to 20 grades, this sur-
gical procedure provides satisfactory 
limb function. 
Key words: primary bone tumours, 
humerus bone resection, shoulder 
joint reconstruction, modular tumour 
endoprosthesis.
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Introduction

Primary bone malignant tumours (namely sarcoma) occur rarely but tend 
to be both a diagnostic and therapeutic challenge. They constitute about 
1% of all bone lesions and less than 1% of all malignant tumours in adults. 
The most common sites of occurrence are long bones, especially the dis-
tal femur, proximal tibia, and proximal humerus. The most common histo-
pathological diagnoses are osteosarcoma, chondrosarcoma, and giant cell 
tumour of bone (GCTB). The best treatment results can be achieved with 
the use of multimodal and individualised therapy in highly specialised cen-
tres. Currently, wide surgical resection with tumour-free margins is the best 
means of local treatment, followed by reconstruction of the resected bone 
with endoprosthesis or allograft if possible. This kind of treatment can be 
used in about 80–90% of patients, giving them the best option to achieve 
good functional effect and reducing the risk of disability. However, in some 
cases the only possible surgical treatment is amputation or resection with-
out reconstruction. In most cases the surgical procedure is combined with 
perioperative chemotherapy (especially in osteosarcoma and Ewing sarco-
ma) [1]. In our centre, in locally advanced GCTB, we also use neoadjuvant 
therapy with denosumab [2]. The patient is given 7–10 cycles of denosumab 
prior to the operation. Our goal is to achieve satisfactory tumour calcifica-
tion, which facilitates tumour resection and allows better local control to 
achieve microscopically radical resection. Endoprosthetic reconstruction is  
a procedure that bears a high risk of possible complications such as pro-
longed healing time, higher risk of infection, and in some cases the need 
for re-operation. The use of an endoprosthesis with previous wide muscle/
rotator cuff resection could cause proximal subluxation, instability, and  
a reduction in functional range of motion. Due to complex shoulder anato-
my, such a procedure presents a challenge for the surgeon and is connected 
with a risk of long-term consequences.

Material and methods

In this retrospective analysis, we included 11 patients treated in our centre 
between 2011 and 2015. Since 2011 we have been using modular reconstruc-
tive endoprostheses MUTARS® (Modular Universal Tumour And Revision 
System; www.implantcast.de) after resection of humerus bone tumours if 
such reconstruction is feasible. All patients were evaluated by a multidis-
ciplinary team in our centre at the initial diagnosis. There were 5 women 
and 6 men aged between 23 and 78 years, average age 39 years. Ten pa-
tients were treated due to a primary bone tumour located in the proximal 
part of the humerus, and one patient was treated due to a chondrosarco-
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ma comprising of the whole humerus. Five patients were 
treated for osteosarcoma, 2 for chondrosarcoma, and 4 for 
GCTB (Campanacci stage 3). In 7 patients the diagnosis 
was based on a biopsy of the tumour performed in our 
department, whereas in 4 patients the preoperative biopsy 
was performed in another hospital. Patients with diagno-
sis of osteosarcoma received perioperative chemothera-
py based on the doxorubicin and cisplatin regimen up to 
nine courses – 3 preoperative and up to 6 postoperative. 
Patients with GCTB received neoadjuvant denosumab 
X-geva®. The number of courses and time of treatment 
were different in each patient and varied from 9 to 44 
courses (7–43 months) before operation. The date of the 
operation was determined by the stage of tumour calci-
fication as demonstrated on computed tomography (CT) 
and X-ray. Patients diagnosed with chondrosarcoma were 
treated primarily by surgical resection. In all patients with 
osteosarcoma we routinely performed positron emission 
tomography (PET-CT) and chest CT for the assessment of 
the presence of metastatic disease. In all patients quali-
fied for surgical treatment no metastatic progression was 
detected. Primary tumour extent was assessed with mag-
netic resonance imaging (MRI) and X-ray. In all patients 
the disease was advanced only locally: stage IIa  and  IIb 
according to TNM AJCC classification [3]. The description 
of analysed patients is shown in Table 1.

The surgical procedures were performed by two sur-
geons (TG, AP) experienced in musculoskeletal surgery. 
We used an anterior transdeltoid approach with resec-
tion of the biopsy scar en bloc with the specimen. Then 
we dissected the tumour and distal tumour-free part of 
the humerus with a cuff of normal tissue. The humerus 
was cut at least 2.0 cm distally from the distal part of the 
malignant lesion. The bone marrow from the distal part 
of the humerus was sent for intraoperative frozen section 
to confirm a negative margin. Then the MUTARS® endo-
prosthesis system was implanted typically. In one patient, 
we resected the whole humerus with an additional endo-
prosthetic reconstruction of the elbow joint (Fig. 1, 2). If 
possible we tried to reattach the rotator cuff tendons to 
the holes on the collar of the endoprosthesis and other 

muscles to the Trevira mesh tube attached to the endo-
prosthesis. The mean length of the humeral excision was 
15.5 cm (ranging from 8.5 to 36 cm). All patients received 
prophylactic antibiotics in the perioperative period accord-
ing to standard procedures in our centre (1.0 g cefazolin) 
before skin incision and up to 6 days after surgery – 2.0 g 
per day. The rehabilitation started on the second day af-
ter operation. Patients were discharged from the ward 5–7 
days after surgery and are continuing physical therapy.

During follow-up, patients underwent a clinical exam-
ination, and an X-ray of the humerus was performed every 
3 months for the first year and then every 6 months, to ex-
clude local recurrence. In patients treated due to osteosar-
coma or Ewing sarcoma we routinely performed lung and 
abdomen CT scans every 6 months to exclude metastatic 
disease. The mean follow-up period was 31 months (range 
8–65 months).

Results

R0 resections were performed microscopically in all pa-
tients. In 10 patients type I intra-articular proximal humeral 
resection (according to Malawer et al.) [4] with arthroplasty 
was performed, and in one patient total humeral resection 
with total arthroplasty was performed. None of the treated 
patients developed local recurrence. In one patient treat-
ed for osteosarcoma, metastatic disease was detected six 
months after surgery. He underwent lung metastasectomy 
thereafter. Other patients treated due to chondrosarcoma 
developed regional lymph node metastases.

In terms of complications, superficial infection occurred 
in five patients (45%), which required prolonged local con-
servative treatment. Four patients developed a deep tis-
sue infection and one of them had to be re-operated. In 
that patient, we had to remove the endoprosthesis due to 
severe infection. On the X-ray examination there were no 
signs of prosthetic loosening in any patient. Functional re-
sults were satisfactory for all patients (Fig. 3). None of the 
patients, except one, were able to abduct their shoulder 
more than 20°. The mean score using the Musculoskeletal 
Tumour Society (MSTS) proximal arm/shoulder/scapula 
scoring system – International Symposium on Limb Sal-

Table 1. The detailed characteristics of the patients

No. Gender Age Histopathology G Concomitant diseases

1 Female 55 Osteosarcoma G1

2 Male 38 Osteosarcoma G3 HCV

3 Female 27 Osteosarcoma G3

4 Female 38 Osteosarcoma G3

5 Female 48 Osteosarcoma G3

6 Male 37 Chondrosarcoma G3

7 Male 78 Chondrosarcoma G2 Prostate cancer

8 Male 30 GCTB

9 Male 29 GCTB

10 Male 26 GCTB

11 Female 23 GCTB

G – grade; GCTB – giant cell tumour of bone
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vage was 74%. Patients with proximal humerus replace-
ment showed an MSTS score of 15 points – 42% (10–29 
points; 34–83%). Cosmetic results were good. During fol-
low-up no local recurrence was observed.

Discussion 

The optimal treatment methods in patients with 
a primary bone tumour located in the proximal humerus 
tend to be enblock Tickhoff-Linberg resection and various 
types of reconstruction to stabilise the joint, making sta-
ble the skeletal construct and preserving some range of 
movement in the painful limb. In this study, we analysed 
a homogenous series of 11 adult patients treated due to 

primary bone sarcomas of the humerus with endopros-
thetic reconstruction. We confirmed the data from other 
studies that this kind of reconstruction is safe for patients 
and it has comparable functional results in relation to 
other reconstructive techniques; moreover, we have pro-
vided these data using for reconstructions only oncolog-
ical modular prosthesis, and we limited the patients to 
primary bone tumours of the humerus [5–8]. In our study, 
we have been able to show that prosthetic reconstruction 
gives satisfactory functional effect for patients. The crucial 
point for prosthetic implantation is adequate soft tissue 

Fig. 1A, B. Patients with chondrosarcoma G2 of left humerus before 
and after operation (plain X-ray)

Fig. 2A, B. Patients with GCTB of 
left humerus before and after op-
eration (plain X-ray)

Fig. 3A–C. Functional result of flexion and abduction in patient after operation of GCTB resection and reconstruction with modular prosthesis
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coverage and reconstruction. Although shoulder recon-
structions provide stability, active range of movement is 
sacrificed as is indicated by very limited active abduction. 
The use of a synthetic mesh tube can improve shoulder 
function [9, 10], and we have used this device in all cases. 
The low MSTS score after proximal humerus replacement 
is the result of markedly impaired function of the shoulder 
joint. Achieving very good functional results of reconstruc-
tion of shoulder joint function is not possible because of 
the resection of the rotator cuff muscles and division of 
the subscapularis, deltoid, pectoralis major muscles, etc. 
These endoprostheses have predominantly a spacer func-
tion when function in the elbow and wrist is preserved. 
Our results are similar to those of Shin et al. [7], Tunn et al. 
[11], and Fabroni et al. [12]. It is also important that the en-
doprosthetic reconstructions are easy to perform by expe-
rienced surgeons and allow the patient to start immediate 
rehabilitation, which is important also from a psychologi-
cal point of view. Nevertheless local, non-sarcoma-related 
complications are relatively frequent [5, 11]. A relatively 
short period of observation remains the main limitation 
of our study, but we keep these patients in further active 
follow-up.

In conclusion, the study showed that prosthetic recon-
struction of the resected humerus due to a primary bone 
tumour is safe and acceptable for patients; despite the 
fact that limitation of active abduction of the shoulder is 
up to 20 grades, this surgical procedure provides satisfac-
tory limb function. 
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