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Abstract 

 

Background and Objectives: The aim of this study was to analyze our results using 

a modular endoprosthetic replacement system (MUTARS) for bone tumors of the 

proximal humerus. 

Methods: Thirty-nine patients were treated with a MUTARS endoprosthesis of the 

proximal humerus. Mean follow-up duration was 38 months (3--138 months). Most 

operations were necessitated by metastasis (n=30); surgery for a primary tumor 

(n=9) was less frequent. The Enneking score was recorded and the active ranges of 

motion for shoulder flexion, abduction, and external rotation. Complete refixation of 

the rotator cuff was possible in 23 cases. Radiographs of the affected shoulders were 

obtained in two planes. 

Results: Patient survival was 77% at 2 years and 45% at 11.5 years after surgery. 

The survival rate of the limb was 90% at 11.5 years. The mean Enneking score was 

19 points (range 7--27 points). The mean shoulder flexion was 34° (range 0–90°), 

abduction 33° (range 0–90°), and external rotation 12° (range --10–50°). Patients 

with a complete rotator cuff repair showed a significant better range of motion 

compared to patients with a partial or no repair (p<0.015). No signs of implant 

loosening were observed on postoperative radiographs. Seven complications 

occurred, five of them leading to implant revision. At 11.5 years after surgery, the 

survival rate for the whole cohort without complications was 72%, without revision of 

the implant 70%.  

Conclusions: Replacement of the proximal humerus with MUTARS endoprosthesis 

is a viable treatment option for bone tumors with satisfying results.  
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Introduction 

 

Malignant bone tumors of the proximal humerus are common, and multiple treatment 

options have been reported in recent years [1-8]. In most cases, surgery comprises 

an essential element of therapy. The clinical outcome, local recurrence, and survival 

rates after limb-preserving and other procedures seem to be comparable [9-11]. To 

provide a platform for elbow and hand function, reconstructive limb-preserving 

procedures have been proposed for the proximal humerus [12]. Moreover, patient 

acceptance has been described as higher for limb-preserving treatments. Therefore, 

amputation of the shoulder girdle is avoided if possible.  

In limb salvage procedures, large bone defects may result after resection of the 

proximal humerus. These defects can be reconstructed with osteoarticular allografts, 

allograft prosthesis composites, or endoprostheses [12-15].  

Many different endoprosthetic systems for defect reconstruction of the proximal 

humerus are currently in clinical use. Different implants from different manufactures 

with a cemented or uncemented fixation concept have been described for 

replacement [2;8;8;12;16-18]. Little information is available about the modular 

endoprosthetic system “MUTARS” for replacement of the proximal humerus [19;20]. 

This implant is available in combination with a Trevira tube for refixation of detached 

tendons. There is no information available on whether refixation of the detached 

tendons to a tube leads to a better functional outcome. 

Therefore, the aim of the present study was to examine the clinical and oncological 

outcome using this endoprosthetic system while evaluating the implant survival rate. 
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Materials and Methods 

 

Patients 

Between 1995 and 2008, 61 patients at our institution were treated by endoprosthetic 

replacement of the proximal humerus after tumor resection and included in a 

prospective database. In 43 cases a modular tumor endoprosthesis (MUTARS) was 

used. Four of these 43 patients were lost to follow-up, so 39 patients were included in 

this study. Inclusion criteria were: (1) tumor or metastasis of the proximal humerus 

and (2) treatment with a modular tumor endoprosthesis (MUTARS).  

There were 20 women and 19 men, with an average age of 60 years (24--84 years) 

at the time of implantation. The mean duration of follow-up was 38 months (range 3--

138 months). Eighteen patients died during the follow-up period, 7 of them within 3 

months of surgery. 

Most operations were performed because of metastasis (n=30); surgery for a primary 

tumor (n=9) was less frequent. The tumor entities were: renal cell cancer (n=9), 

breast cancer (n=7), lung cancer (n=5), plasmacytoma (n=4), chondrosarcoma (n=4), 

Ewing sarcoma (n=2), hepatocellular carcinoma (n=2), angiosarcoma (n=2), colon 

cancer (n=1), Non-Hodgkin lymphoma (n=1), prostate cancer (n=1) and 

leiomyosarcoma (n=1). The indication for surgery was a pathological fracture in 25 

patients and an initial manifestation of a tumor at the proximal humerus in 14 patients. 

In one case a previous osteosynthesis had failed. 

 

Clinical and radiographical examination 

Radiographs in two planes (antero-posterior and lateral) and MRI´s of the affected 

shoulder were obtained preoperatively. Postoperatively, all patients were evaluated 

using the Enneking score. This score was used to assess the function of the upper 



M
ANUSCRIP

T

 

ACCEPTE
D

ARTICLE IN PRESS

 6

extremity. The Enneking score is divided in 6 subgroups: pain, function, emotional 

acceptance, hand position, manual dexterity and lifting ability [21]. For each 

subgroup a minimum of 0 points and a maximum of 5 points can be reached. An 

overall result of 30 points represents a normal function without pain of the upper 

extremity, whereas 0 points represents no function and disabling pain. Additionally, 

the active range of motion in degrees was recorded for shoulder flexion, abduction 

and external rotation with the hanging arm in neutral position and elbow flexion of 

90°. All patients were routinely evaluated according to the treatment plan for each 

tumor entity at defined intervals. Neoadjuvant or adjuvant therapy was performed 

according to the diagnosis and the corresponding protocol. Radiographs in two 

planes were made for all follow-up examinations (Fig. 1).  

 

Operative technique and implants 

An anterior deltopectoral approach was used in all cases. In all but one case, 

intraarticular resection of the tumor was possible. For the one extraarticular 

resection, the neck of the glenoid was transected. In all cases the tendons of the 

rotator cuffs were detached from the proximal humerus. Complete refixation of the 

cuff was possible in 23 cases. A partial reattachment of the cuff (supra- and 

infraspinatus tendons) was possible in 6 patients. In 10 patients reattachment of any 

tendon failed. Incomplete or failed reattachment of the rotator cuff was based due to 

the desired resection margins and therefore determined by the oncological approach. 

In three patients part of the triceps brachii muscle and in three patients part of the 

deltoid muscle including the axillary nerve had to be resected. After preparation or 

resection of the soft tissues, the humerus was explored. The osteotomy was 

performed according to the intramedullary extension of the tumor planned on MRI´s 

and radiographs in two projections. The mean length of the bone segment resected 
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was 13 cm (range 7–19 cm) measured from the apex of the humerus. Depending on 

the site and length of resection, the required MUTARS modules were selected. The 

fixation was achieved with an intramedullary stem, which was cemented in 33 cases 

and inserted cementless in 6 cases. In the cementless version the stem is inserted 

using a press-fit technique in order to achieve sufficient primary stability. The stem 

has a rough surface to allow ongrowth of bone. The stem is made of titanium alloy 

(TiAl6V4) in the cementless and of CoCrMo alloy in the cemented version. After 

implantation, a Trevira tube for refixation of the tendons was used in all patients. The 

rotator cuff was repaired if possible. 

 

Rehabilitation protocol 

Drains were removed on the second day after operation. To protect the reconstructed 

tendons the arms were placed in internal rotation in Gilchrist bandages for 6 weeks. 

Postoperatively, the shoulders were mobilized passively by a physiotherapist for 6 

weeks with 60° shoulder flexion and abduction and 0° external rotation. After 6 weeks 

patients were asked to support these movements actively with an unlimited range of 

motion. 

 

Statistics and ethics 

Statistical analysis was performed using SAS 9.1. Estimates of survival were 

calculated by means of the Kaplan--Meier method for the whole cohort of patients, for 

amputations, for implants, for complications, and for revisions. The Wilcoxon U-test 

was used to assess differences in the postoperative shoulder motion between 

patients with or without refixation of the rotator cuff. P<0.05 was considered 

significant. 
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The study was reviewed and approved by the ethics committee of the local university 

(IRB number 278/99).  
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Results 

 

Clinical results 

The functional score according to Enneking was 19 points (range 7 -- 27 points) at 

the last follow-up examination. Figure 2 shows the overall Enneking score and its 

subgroups for the whole study cohort. 

The mean postoperative shoulder flexion of the whole cohort was 34° (range 0–90°), 

abduction 33° (range 0–90°), and external rotation 10° (range --10–50°).  

Patients with a complete refixation of the rotator cuff had better shoulder motion than 

patients with partial repair of the cuff (Figure 3). These differences were significant 

(p<0.015). 

All patients were able to reach their mouth with the ipsilateral hand.  

 

Survival and complications  

For the whole cohort the overall survival was 77% at 2 years and 45% at 11.5 years 

(Fig. 4). The survival rate of the limb without amputation was 90% at 11.5 years. 

Twenty-seven of the monitored patients had metastases at the last follow-up 

examination. Local recurrences had been detected in 2 patients, one of these leading 

to an interscapulothoracic amputation. The overall 5-year survival of patients with 

and without metastases was 48% and 64%, respectively. There was no significant 

difference between the survival curves (log-rank-test: p=0.192).  

The local recurrences developed after resection of metastases of the proximal 

humerus without pathological fractures. The overall 5-year survival of patients with 

and without pathological fractures of the proximal humerus was 42% and 66%, 

respectively. There was no significant difference between the survival curves (log-
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rank-test p=0.379). There was no further evidence of neoplastic disease in nine 

patients. 

In total, 7 complications in 39 proximal humeral replacements were recorded. Out of 

these seven patients, five underwent revision surgery. The most common 

complication was dislocation of the humeral head (n=4). In three of these cases the 

rotator cuff was completely resected, and in one case the supra- and infraspinatus 

muscles were resected. Implant revision was necessary for two of the patients with 

dislocation. Retroversion of the humeral head was changed from 40° to 60° in both 

cases, without any re-dislocation. In two patients deep wound infection occurred, 4 

and 5 years after surgery. In both cases the prosthesis was explanted. In one of 

theses cases re-implantation was possible 7 months after explantation following two 

further revisions. Implant loosening was observed in one patient with a cementless 

implant. After explantation of the prosthesis the defect was treated with an 

autologous fibula graft. In one case an intraoperative fracture of the humeral shaft 

was observed and treated with osteosynthesis during the same session. All 

complications with radiographic results and treatments are shown in table 1. 

The survival rate for the whole cohort without any complication was 82% at 2 years 

and 72% at 11.5 years.  

The survival rate without revision of the implant was 90% at 2 years and 70% at 11.5 

years (Fig. 5). 

 

Imaging results  

Implant loosening was seen in only one patient, who underwent revision surgery (see 

above). No further obvious radiological signs of implant loosening were observed.  

Cranial migration of the humeral head was observed in 14 cases. In 6 of these 

patients a partial (n=3) or complete (n=3) resection of the rotator cuff was performed. 
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Caudal migration of the humeral head was detected in 3 cases after resection of the 

deltoid muscle and axillary nerve. 

In no case was secondary wear of the glenoid cartilage and bone found on the most 

recent follow-up radiographs in two planes.  
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Discussion 

 

Treatment options for defect reconstruction 

Bone tumors of the proximal part of the humerus often necessitate combined 

procedures such as chemotherapy, radiotherapy, and surgery. If surgery is required, 

large bone defects of the proximal humerus can result. Different interventions have 

been proposed for bridging the resulting defects. In children and in patients with 

small bone defects, the clavicula pro humero procedure has been employed with an 

acceptable outcome but also with a high complication rate [7]. Biologic reconstruction 

procedures such as osteoarticular allografts, prosthesis allograft composites, and 

fibula autografts, which can be implanted vascularized or non-vascularized, have 

been described as viable treatment options [14;22-24]. As a non-biologic 

reconstruction, endoprosthetic replacement of the proximal humerus with mega-

implants has been described in several studies [2;8;9;12;16-20].  

 

Endoprosthetic replacement of the proximal humerus 

Cannon et al. recently published a series of 83 patients treated with endoprosthetic 

replacement for defects of the proximal humerus [12]. In all of these cases an 

intraarticular resection of the tumor was performed, with sparing of the deltoid muscle 

and axillary nerve. Mean shoulder flexion was 42° and abduction 41°, with a mean 

Musculoskeletal Tumor Society Score (MSTS) of 63%. Loosening of the implant was 

not observed, and the overall complication rate was low.  

One hundred patients with endoprosthetic replacement of the proximal humerus were 

followed up by Kumar et al. [2]. The authors reported mean shoulder flexion of 55° 

and abduction of 45° in combination with a mean MSTS of 79%. The overall survival 

at 10 years was 42%, and the survival of the implant without further surgery for 
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mechanical failure was 86.5% at 20 years. In 9 patients an implant-related revision 

was necessary, and in 8 patients a forequarter amputation was performed.  

 

Complications of endoprosthetic replacement of the proximal humerus 

Divergent rates of complications and revision have been reported in further studies 

[2;8;12;16;17;19]. Revision rates of up to 67% [17] and complication rates of up to 

72% [8] have been described. The complication rate in our study seems to be 

acceptable compared with the above-mentioned trials. In only one case aseptic 

loosening of an uncemented implant was observed. Therefore, we do not further use 

uncemented humeral stems. We did not observe any signs of lossening in cases with 

cemented stems. Hence, we routinely use this fixation technique for MUTARS 

shoulders in our institution.   

 

Results with the MUTARS system 

The use of MUTARS tumor endoprostheses in the lower limb is well documented 

[19;25-27]. To our knowledge, however, only a few studies have been published on 

the use of this modular system for the treatment of large bone defects of the proximal 

humerus [19;20]. Gosheger et al. reported endoprosthetic replacement in 250 

patients with sarcoma [19]. Out of this cohort, 39 patients were treated with 

replacement of the proximal humerus. The 5-year survival of the endoprosthesis was 

93.6%. The mean Enneking score was 21 points, and the authors stated that the 

MUTARS systems have some advantages over other endoprosthetic systems. They 

concluded that the use of a Trevira tube makes muscle and tendon refixation easier, 

resulting in a reduced dislocation rate and better functional results in the lower 

extremity. They did not describe if refixation of the rotator cuff using the Trevira tube 

leads to a better functional outcome in cases of replacement of the proximal 
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humerus. Overall, a high success rate and good functional results were stated. This 

system was also introduced by Gosheger et al. for a combined procedure with 

replacement of the proximal humerus and a trapezius--latissimus dorsi transfer [20]. 

 

The role of the rotator cuff and discussion of results 

The clinical results of the current investigation seem to be comparable with those of 

the above-mentioned studies. The mean Enneking score of 19 points represents an 

overall good result for this procedure. The mean degree of pain after surgery was 

between no pain and non-disabling pain (Figure 2). Emotional acceptance after 

surgery was satisfying. The function of the affected limb was acceptable, although 

mean shoulder elevation was restricted to 33°. The shoulder motion results reported 

by Cannon et al. [12] and Kumar et al. [2] are superior to our findings. A possible 

reason for these divergent results is the degree of refixation of the rotator cuff and 

the degree of resection of the deltoid muscle and axillary nerve. We demonstrated 

that the degree of refixation of the rotator cuff to a Trevira tube has an influence on 

postoperative shoulder function (Figure 3). In other endoprosthetic systems, the 

sutures of the armed rotator cuffs can be fixated by special eyelets. We believe that a 

Trevira or Dacron tube [16] offers more advantages for refixation of tendons 

compared to eyelets because fibrous ingrowths of the tissue into the tube is possible. 

Moreover, the area for refixation of the tissue is much greater by using a tube. Using 

an eyelet, only a punctual refixation without ingrowths is possible.   

The shoulder motion in patients with preserved rotator cuffs in the current study was 

comparable with the shoulder motion reported in the above-mentioned trials. 

Possibly, the use of a reversed tumor-implant for the proximal humerus could lead to 

better functional results in cases when the deltoid muscle and axillary nerve can be 

preserved. 
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Failed refixation of the rotator cuff and/or the deltoid muscle often leads to cranial 

migration of the humeral head. Cannon et al. found cranial migration of the 

prosthesis in 22 out of 76 patients with adequate postoperative radiographs. In our 

study this was encountered in 14 cases. However, refixation of the rotator cuff had 

been performed in only 8 of the 14 patients, and it seems that there is no strict 

coherence between cranial migration and refixation of the rotator cuff. Moreover, 

caudal migration of the prosthesis was found in three cases after resection of parts of 

the deltoid muscle and axillary nerve. 

  

Hand function after endoprosthetic replacement of the proximal humerus 

It has been reported that replacement of the proximal humerus provides an excellent 

platform for function of the elbow and the hand [12]. In this study all the patients had 

good elbow and hand function with very satisfying manual dexterity, and they were 

able to reach their mouth with the ipsilateral hand. In the current study, most 

operations were performed due to metastases. In this light the patient survival rate of 

45% at 11.5 years appears acceptable, as does the local recurrence rate of 5%.  

 

Implant survival 

Survival of the implant was lower in our study than in other trials. Mayilvahanan et al. 

[18] and Kumar et al. [2] described survival rates of 83% and 87% after 10 years, 

respectively. Our finding of implant survival of 70% after 11.5 years may be explained 

by the different indications for surgery: a relatively high proportion of patients in the 

present study were treated because of a metastasis or pathological fracture of the 

proximal humerus. 
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Conclusion 

In conclusion, reconstruction of the proximal humerus with the MUTARS system 

seems to be a viable treatment option after resection of bone tumors. Acceptable 

complication and survival rates of patients and implants were found, and most of the 

patients were satisfied with the procedure. Although the implant provides a good 

platform for elbow and hand function, shoulder function is severely restricted in most 

cases. Refixation of the rotator cuff to a Trevira tube is associated with better 

functional results. Most of the patients were nearly pain free. 
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Legends: 

 

Fig. 1: Radiograph of a 35-year-old man 2 years after resection of a chondrosarcoma 

and treatment with a cementless replacement of the proximal humerus using a 

MUTARS endoprosthesis. 

 

Fig. 2: The graph is showing the results (points) of the Enneking score and its 

subgroups of the examined patients compared to the maximal reachable points 

(means with standard deviations). 

 

Fig. 3: The graph is showing the normal Range of Motion (ROM) of the shoulder for 

flexion, abduction and external rotation compared to patients with complete, partial 

and failed refixation of the rotator cuff (means with standard deviations). 

 

Fig. 4: Kaplan--Meier curve showing overall patient survival. 

 

Fig. 5: Kaplan--Meier curve showing implant survival without further surgery. 
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Table 1: Early and late complications with imaging results and treatments  

Time Complications Imaging results Treatment 

Dislocation (n=4) Anterior dislocation (n=3) 
Posterior dislocation (n=1) 

Conservative (n=2) 
Re-operation with changing the 
retroversion Early (< 3 months 

after surgery) Intraoperative shaft 
fracture (n=1) Fracture of the humeral shaft Osteosynthesis 

Infection (n=2) 
Correct positioning of the 
implants, no signs for 
loosening 

Removal of the implant (n=2), re-
implantation (n=1) 

 
 
Late (>3 months 
after surgery 
 
 

Aseptic loosening (n=1) Loosened cementless stem Removal of the implant, autologous 
fibula graft 
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