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Abstract 
Objective: In the constantly growing population of people beyond the age of 
60 years, the incidence of complex comminuted humeral head fractures increas-
es, thus increasing the need for prosthetic replacement. The purpose of this 
study was to determine the long-term results after primary hemiarthroplasty in 
patients older than 60 years. Methods: From 08/2010 to 12/2015 a prospective 
study of 54 patients (mean age 75 years) with complex humeral head fracture 
was performed at the University Hospital Rostock. 24 patients were available for 
follow-up after 5 - 10 years. Pain, the Karnofsky-index, and the range of motion 
were obtained as well as radiographs in two planes. The Constant-Murley score 
and the UCLA rating system were evaluated for functional assessment. Results: 
15 patients were painfree. The Karnofsky index deteriorated from 94 preopera-
tively to 70. The Constant-Murley score of the operated extremity reached 47 
points out of possible 100, the uninjured side scored 82 points. The age-specific 
Constant-Murley score showed more favorable results. The UCLA rating sys-
tem values leveled up to 22 out of 35 points for the replaced shoulder and 33 
points for the other arm. Radiologically, more than 50% of the implants were 
classified as non-centered and the acromio-humeral space diminished signif-
icantly. Conclusions: Primary hemiarthroplasty helps to restore a situation of 
little or no pain whereas functional and radiological outcome remains li-
mited. Revision surgery or conversion to reverse shoulder arthroplasty was 
not indicated in any case supporting the clinical value of hemiarthroplasty. 
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Functional Outcome 

 

1. Introduction 

A United Nations survey estimates that by 2050, approximately 2 billion people 
worldwide have attained a minimum age of 60 years. With age, the risk of os-
teoporosis falls and fractures increases [1] [2]. Remaining functional deficits after 
fracture treatment in the elderly often lead to an institutionalization in a nursing 
home [3]. Proximal humeral fractures account for 4% - 5% of all fractures in 
adults. 30% of these fractures occur in patients older than 60 years mostly after 
low-energy trauma and are clearly related to osteoporosis [4]. Older patients 
tend to suffer a more complex fracture pattern such as Neer three- or four-part 
fractures with dislocation and humeral head-splitting [5]. The optimal treatment 
of these fractures has not been clarified conclusively. Even non-surgical treatment 
might represent a viable option in defined displaced fracture types of the humer-
al head with an acceptable clinical outcome which is not inferior to that after 
surgical intervention [6]. Fracture fixation reaches its limits in the presence of 
reduced bone quality, advanced degeneration of the rotator cuff, dislocation or 
headsplit. Consecutive failure of fracture fixation with cut-out of the screws and 
re-displacement occurs more often than in younger patients. Complications such as 
humerus head necrosis also reduce the mid-term postoperative success and call for 
a change of therapeutic strategy requiring secondary prosthetic replacement [7]. 

Even though Charles Neerfirst reported on primary hemiarthroplasty for 
humeral head fractures in 1953, fracture endoprothesis is still not considered a 
standard operating procedure in clinical practice due to insufficient cuff repair, 
tuberosity mal- or non-union, loss of tuberosity reduction and bone resorption 
which may contribute to an inferior outcome [7] [8] [9].  

In a prospective study, we evaluated the clinical and radiological results 5 - 10 
years after primary hemiarthroplasty for displaced and comminuted proximal 
humeral fractures in patients older than 60 years. A subpopulation of the study 
collective had been examined 1 and 2 years after the implantation of the humeral 
head prosthesis [10]. An improved version of modular humeral head prosthesis 
was used allowing anatomic reconstruction of the humeral head applying infi-
nitely variable modularity to restore the functional center of rotation and the 
humeral offset correctly [11]. The purpose of this study was to evaluate long 
term functional and radiological results in primary fracture hemiarthroplasty, to 
determine if there are still substantial arguments to use primary hemiarthrop-
lasty, in particular in the knowledge of more recent recommendations for in-
verse arthroplasty in a geriatric population with fractures of the humeral head 
[12] [13] [14]. 

2. Patients and Methods 

From August 2000 to December 2005, 54 patients with complex humeral head 
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fractures were treated with primary hemiarthroplasty and were evaluated pros-
pectively. The study was approved by the local ethics committee and the patients 
gave their written informed consent to participate in the study. The average age 
of the operated patients accounted for 75 ± 10.7 years (range 60 - 92 years). In-
clusion criteria for primary hemiarthroplasty were subjects aged 60 years or 
above affected by 4 part fractures with a complex fracture pattern that were con-
sidered not reconstructable due to poor bone stock, fracture dislocation, de-
stroyed humeral articular surface or head-splitting. Exclusion criteria included 
circumflex nerve lesion, neurological disorders with palsy of the upper extremity 
and injury of the contralateral shoulder or humerus.  

The 4th generation of a modular humeral head prosthesis (EPOCA C.O.S., Fa. 
Argomedical, Gifhorn, Germany) with a double eccentric adjustable headboard 
was used in all cases. In this particular endoprosthesis type the posterior and 
medial offset can be selected according to the anatomical conditions. The coupling 
of head and stem is achieved by an intermediary eccentric frictional cone con-
nector. The tuberosity fragments were reconstructed using braided cable cer-
clages of one millimeter in diameter with a steal lead-wire seal ensuring an ex-
tremely stable reattachment of the tuberosities maintaining a low risk of cut-out 
and loss of reduction [11] [15].  

2.1. Surgical Technique 

Patients were placed in a half-sitting position and received antibiotic prophylaxis 
as a single dose. The anteromedial deltoideo-pectoral approach was used. After 
exposure of the fracture site, the tuberosities were identified and retracted via 1 - 
0 polyester sutures that were passed through the tendon-bone junctions. The 
humeral head was extracted and measured to select the matching size of the 
prosthetic head. Then the humeral shaft was prepared for stem implantation. 
The exact shaft size, depth of implantation, the retroversion angle and the offset 
were evaluated by insertion of a trial endoprosthesis. All stems were fixed via 
PMMA bone cement. After placing an absorbable blocker into the medullary 
cavity of the humeral shaft and application of bone cement (Refobacin-Palacos, 
Heraeus, Hanau, Germany) with a cement gun, the prosthesis was inserted. The 
tuberosities in connection to the rotator cuff were fixed to the prosthesis by 
1mm braided cable cerclages as recommended by the developer of the endo-
prosthesis [15].  

From day one after surgery a continuous passive motion device mobilized the 
shoulder. Additionally, physiotherapy was performed as active assisted exercises 
restricted to 90˚ of abduction and elevation while avoiding external rotation for 
6 weeks. Weight-bearing was encouraged 6 weeks after the operation. 

2.2. Data Collection 

Patient data, operative and postoperative complications, general complications, 
duration of the surgical procedure and length of stay in hospital were docu-
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mented. All patients were invited to a clinical and radiological assessment 1 year 
and 5 to 10 years after primary surgery. Early outcome had been reported pre-
viously [10].  

2.3. Clinical Examination 

Pain level was recorded using a numeric analogue scale ranging from 0 - 10, 0 
meaning no pain at all and 10 meaning inconceivable pain. The Karnofsky-index 
[16] and the subjective assessment of the patients were obtained. The Karnofsky 
performance status scale was initially described to assess the symptom-related 
limitation of activity, self-care and self-determination in patients with malignant 
tumors. It ranges from a maximum of 100 percent (no restrictions) to 0 percent 
(death). The graduation is usually done in 10-point steps. Thus, the abstract and 
elusive concept of quality of life can be operationalized and standardized with a 
certain approximation. Additionally, the patients were asked for their subjective 
satisfaction. Active and passive range of motion of the operated shoulder and the 
opposite side were measured using a standard goniometer. The Constant and 
Murley score was used as a measuring instrument for organ-specific shoulder 
joint function [17]. The score includes subjective and objective criteria which 
represent a picture of the shoulder function with an emphasis on range of mo-
tion. Additionally, the UCLA (University of California at Los Angeles) rating sys-
tem was obtained [18]. This score contains questions on pain, patient satisfac-
tion and function as subjective parameters and registers active forward flexion 
and strength of forward flexion as objective parameters. UCLA-shoulder rating 
scale numbers of more than 27 are generally considered as good and excellent 
results whereas scores of less than 27 are classified as fair or poor.  

2.4. Radiological Examination 

Fractures were classified using the Neer-classification described in 1970 [19]. 
Radiographs were taken in two plains, a true antero-posterior and a Y-view be-
fore hospital-discharge, after 1 year and at the final follow-up visit. It was en-
sured that all X-rays were taken under standardized conditions in order to faci-
litate a comparison of the radiographs. X-rays were rated concerning the healing 
of the tubercles, distance between the upper edge of the prosthesis and the lower 
acromial rim and centering of the prosthetic head in the glenoid joint socket 
[20]. To classify the centering of the prosthetic head in the glenoid, the glenoid 
surface was divided into 5 sections. The prosthesis was assessed as well centered 
if the center of the prosthetic head projected abeam of the middle portion of the 
glenoid. Accordingly, the prosthesis was classified as distinctly decentered if the 
center of the prosthetic head projected to the two adjacent portions of the gle-
noid and as severely decentered if the center of the prosthetic headprojected ab-
eam of the two outer glenoid portions or beyond. Loosening of the prosthetic 
stem was judged by the width of the radiolucent zone around the cemented base 
of the stem. 
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2.5. Statistics 

Results were given as mean ± standard deviation. Comparisons between values 
were performed by Wilcoxon rank sumtest as nonparametric test (SigmaStat, 
Jandel, San Rafael, California, United States). Statistical significance was set at p 
< 0.05. 

3. Results 

From August 2000 to December 2005 54 comminuted and displaced fractures of 
the humeral head were treated with hemiarthroplasty. The average stay in hos-
pital amounted to 19 ± 10 days (range 9 - 45 days). The average operation time 
amounted to 142 ± 30 min (range 92-209 min). Postoperative blood transfusion 
was not necessary in any case. A 92-year-old patient died 11 days after surgery 
due to multi-organ failure following paralytic ileus with subsequent electrolyte 
imbalance. One patient developed pneumonia, which healed without conse-
quences under antibiotic therapy. In another patient a superficial wound infec-
tion was observed which healed after a single wound revision (hospital stay 39 
days). Axillar nerve damage did not occur in any patient neither before nor after 
the operation. 23 patients had deceased at the one year follow-up interval, each 
more than 3 months after hospital discharge. Five additional patients had died 
by the final assessment date, so that a total of 24 patients (19 women, 5 men) 
were available at the 5 - 10 year interval. A minimum of 62 and a maximum of 
125 months had elapsed after surgery, the median follow-up time being 89 ± 19 
months. 

Revision surgery such as removal of the prosthesis due to infection, peripros-
thetic fracture or conversion to complete or reverse shoulder arthroplasty was 
not necessary in any case throughout the observational period. Fracture classifi-
cation for the 24 patients is shown in Table 1. 

At final review, 54% of the patients stated to be free of pain, 33% reported 
some pain with specific movements or loads with a mean of 2.3 ± 1.5 on the vis-
ual analogue scale. One patient reported moderate pain and classified its level at 
6 on the VAS, whereas 66% reported to be free of pain one year postoperatively. 
To classify the implications of this result, it has to be kept in mind that 15% of 
the patients indicated pain in the contralateral shoulder at the same time (Table 
2).  

 
Table 1. Fracture classification according to Neer for the 24 patients at final follow-up. 

Fracture type n 

V/4 15 

VI/4 - 

Anterior dislocation 6 

Posterior dislocation 1 

Head split fracture 2 
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Table 2. Pain levels measured by visual analogue scale (VAS), range of motion, Constant 
and Murley score, UCLA rating score in comparison of injured and uninjured extremity. 

 Operated side Uninjured side 

Pain   

None 13 (54%) 17 (85%) 

Low 8 (33%) 3 (15%) 

Moderate 3 (13%) 0 (0%) 

Severe 0 (0%) 0 (0%) 

Adduction and Internal Rotation   

Yes 18 (75%) 20 (100%) 

No 6 (25%) 0 

Abduction and External Rotation   

Yes 9 (38%) 20 (100%) 

No 15 (62%) 0 

Constant-Morley Score (max. 100 points)   

Mean (±SD) 47 (±16)* 82 (±16) 

UCLA Rating System (max. 35 points)   

Mean (±SD) 23 (±6)* 33 (±4) 

*p < 0.05 vs. uninjured side. 
 

The Karnofsky-index deteriorated from 93.8 ± 8.2 pre-traumatically to 70.4 ± 
18.9 after 5 - 10 years. Asked for their subjective appraisal, 88% of the patients 
graded the long-term outcome of the surgery as “very good” whereas two pa-
tients were disappointed.  

The range of motion of the replaced shoulder joint improved after hospital 
discharge but remained impaired significantly throughout the whole period af-
fecting abduction and elevation in particular. Measured active abduction reached a 
range of 35˚ - 150˚ with a mean of 83˚ ± 28˚ (Figure 1). The patients achieved a 
mean active elevation of 89˚ ± 30˚ (Figure 2).  

The Constant-Murley score of the operated extremity reached 47.2 ± 15.6 out 
of possible 100 points. The uninjured side scored a mean of 82.2 ± 15.9 points 
(Table 2). As expected the age-specific Constant-Murley score showed more fa-
vorable results with a mean of 70.1 ± 8 points (Figure 3). 

The UCLA rating system values leveled up to 22.6 ± 5.8 points out of 35 poss-
ible points for the replaced shoulder as opposed to 32.7 ± 4.3 points for the other 
arm (Table 2).  

Radiological Results 

All 24 prostheses were examined radiologically. Healing or displacement of the 
tubercules, the positioning of the prosthetic head and loosening of the stem was 
measured (Table 3). 
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Figure 1. Box-and-Whiskers-Plot of abduction at follow up, the box representing the 
25th and 75th, the whiskers representing the 10th and 90th percentile; outlying values are 
marked as dots. The median (50th percentile) is shown as horizontal line within the box. 
*p < 0.05 vs. operated side. 
 

 
Figure 2. Box-and-Whiskers-Plot of elevation at follow up, the box representing the 25th 
and 75th, the whiskers representing the 10th and 90th percentile; outlying values are 
marked as dots. The median (50th percentile) is shown as horizontal line within the box. 
*p < 0.05 vs. operated side. 
 
Table 3. Radiological parameters (positioning of the tubercules, positioning of the prothetic 
head and radiological signs for loosening of the stem) for the 24 patients at final follow-up. 

  n % 
Findings at hospital  

demission n (%) 
Positioning of the tubercles Complete dislocation 0 0 0 

 Healing in correct position 5 21 0 

 No bony healing/lysis 19 79 0 

Positioning of prosthetic head Well centered 10 43 13 (5) 

 Caudally displaced 2 7 5 (19) 

 Cranially displaced 12 50 6 (25) 

Loosening of the stem Radiolucency 0 mm 20 90 24 (100) 

 Radiolucency 2 mm 2 5 0 (0) 

 Radiolucency > 2 mm 2 5 0 (0) 
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Figure 3. Regression analysis between age and Constant Score at follow up. r: regression 
coefficient. 
 

Compared with the postoperative status a significant successive narrowing of 
the subacromial space took place (p < 0.05).  

4. Discussion 

Considering the limited level of most existing clinical studies on various treat-
ment modalities following humeral head fractures according to the rules of evi-
dence-based medicine there is no convincing proof yet, that any type of surgical 
intervention leads to superior functional outcome than nonsurgical treatment 
[21]. But, as the authors admit, this general statement might not hold true in 
case of specific fracture types as head split fractures and fracture dislocations. 
Further, there is lacking evidence from existing randomized controlled trials to 
decide between different choices of non-surgical and surgical treatment [21]. 
Thus, surgical treatment of complex proximal humeral fractures is a topic of 
controversial discussion particularly in the elderly. Fracture fixation in the pres-
ence of poor bone stock has been demonstrated to increase the risk of functional 
impairment due to implant loosening or humeral head necrosis [8] [13] [22] 
[23]. In addition to fracture reduction and fixation as a reconstructive method, 
the primary replacement of the humeral head with a fracture prosthesis appears 
to be a valuable treatment option especially in complex fractures with a high risk 
for an avascular humeral head fragment [5] [10] [15] [21] [23]. 

In this study, the indication for primary prosthetic replacement was seen in 
4-fragment fractures with destruction of the humeral head or head split of el-
derly patients in accordance with other authors [5] [14] [16]-[22]. Primary he-
miarthroplasty promises to avoid typical problems of osteosynthesis in poor bone 
stock like non-union, malunion, avascular necrosis of the humeral head calling 
for revision surgery and producing poor functional outcome. New developments 
in the prosthetic design with continuously variable offset enables exact recon-
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struction of the anatomical configuration of the humeral head. In the wake of this 
development the primary prosthetic replacement of the humeral head after com-
minuted humeral head fractures in the elderly is becoming increasingly important. 
For this study the EPOCA-C.O.S.-humeral head prosthesis, a “4.th genera-
tion”—design, was used which offers a maximum modularity in the a.-p.—and 
lateromedial plane. 

7.4 years after implantation of a shoulder hemiprosthesis due to an acute 
fracture the level of pain as reported by the patients in this study was considera-
bly low and correlated with a high degree of overall patient’s satisfaction. The 
results regarding the pain level distribution are well comparable with the short- 
to mid-term outcome after hemiarthroplasty in a multicentre study [20] and the 
previously reported pain levels 1 and 2 years after index surgery [10]. 

Apart from one in-hospital fatality which had not been related to the index 
surgery and one surgical revision due to superficial wound infection without the 
need for implant removal no consecutive surgical interventions were necessary 
during the whole observation period which certainly strengthens the indication 
for primary shoulder hemiarthroplasty in complex fracture situations of the hum-
eral head.  

The deterioration of the Karnofsky index within the observation period re-
flects the development in a geriatric collective and is in line with the literature 
[24].  

Despite the improved design and the theoretical advantages of the prosthetic 
system used in this study, the average Constant-Murley score was only 47 points 
in the investigated patient population after a median of 7.4 years of postoperative 
follow-up. A part of the study collective had been examined 1 year after index 
surgery with a mean Constant-Murley of 56 points demonstrating a further func-
tional deterioration within the following years [10]. Thus, the patients achieved 
barely 57% of the score they reached for the uninjured opposite side. These unsatis-
factory functional results are consistent with current literature. A Constant-Murley 
score of 52 - 70 points has been reported for comparable groups of patients after 
hemiarthroplasty [13] [14] [21] [23] [25] [26] [27]. However, due to small group 
sizes and short follow-up periods, the comparison of different models of pros-
theses is not possible due to considerable variance between the studies. Especial-
ly older patients show a significantly poorer functional outcome measured by the 
Constant-Murley score. This can not necessarily be attributed to local factors, as 
Choo and coworkers showed in a prospective study that concomitant lesions of 
the rotator cuff become manifest in just about 8% of the cases after humeral 
head fractures, even in the elderly. But it can be suggested that elderly patients 
have significantly restricted mechanisms of muscular compensation after trau-
matic injuries at the proximal humerus and therefore generally achieve poorer 
functional results than younger patients [21] [28]. 

Most authors paid close attention to tuberosity healing after posttraumatic 
hemiarthroplasty of the shoulder. Stable fixation of the tubercles to the prosthe-
sis is thought to be essential for successful healing [20] [27] [29]. If the necessary 
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stability cannot be achieved, early dislocation of the tubercles and malfunction is 
impending. Despite the required high primary stability, biological principles 
must be considered in order to preserve the vascularity of the fragments. Evidently 
it is important to preserve the periosteal connection between the fragments and 
not to destroy them during implantation of the prosthesis [21]. The problems of 
absorption or lack of healing of the tuberosities with consecutive insufficiency of 
the rotator cuff remains unsolved. In two thirds of our study population resorp-
tion of the tuberosities was observed so that the tuberosities were no longer visi-
ble on the X-rays obtained 5 - 10 years after the fracture. Although stable reat-
tachment of the tuberosities with the cable cerclages could prevent cranial dislo-
cation of the tubercles in most cases, this was not associated with an improved 
healing of the tubercles to the humeral shaft. In a multicenter study Kralinger et 
al. showed that there was a highly significant correlation between tuberosity 
healing and functional outcome measured by the Constant-Murley score [20]. 
This could not be confirmed by the results presented, most likely due to the 
small number of patients and the high rate of non-healed or resorbed tubercles. 
Along with the absorption of the tubercles which must be regarded as increasing 
insufficiency of the rotator cuff, a gradual migration of the prosthetic head could 
be observed. In the course of follow-up assessments, there was both a significant 
reduction of the subacromial space as well as an increasing decentralization of 
the prosthetic head in the cranial plane. Apart from this, aseptic stem loosening 
or periprosthetic fractures were no major issues in our collective with PMMA 
bone cement fixation in all cases where newer recommendations speak in favour 
of cementless stem fixation [29].  

Due to these disadvantages of the anatomical prosthesis, reverse shoulder 
arthroplasty is favoured by an increasing number of authors in complex humeral 
fractures, particularly for patients older than 70 years. In the last years, more and 
more authors reported clinical results using reverse shoulder endoprosthesis for 
comminuted humeral head fractures as a means to prevent complications due to 
tuberosity malunion and secondary rotator cuff insufficiency [9] [14] [25] [30] 
[31] [32] [33]. Although this procedure provides adequate pain relief, functional 
outcome respectively range of motion is not always satisfactory. Given implant 
failure, salvage procedures for reverse arthroplasty remain limited [33]-[38]. But 
functional outcome was reported to be more favourable than that of hemiarthrop-
lasty by several authors [13] [14] [25] [31] [37] [38]. Most authors report higher 
Constant scores for the reverse arthroplasty group, however the DASH scores for 
both groups were identical [14] [25] [38]. Tuberosity healing seems to be less 
important for functional outcome in reverse arthroplasty [14]. The increased 
rate of dislocation reported for the first generations of this type of prosthesis 
could be reduced with newer models and modified surgical technique [21]. Some 
authors report that although reverse arthroplasty results in adequate pain relief, 
the range of motion, especially in terms of rotations, is limited which leads to 
unsatisfied patients [7] [32]. Anyhow, in a prospective case-control study com-
paring anatomical and reverse shoulder arthroplasty regarding outcome and com-
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plications in the non-fractures situation, the mid-term results and complications 
of both procedures were comparable [39]. In a recent review article comparing 
hemiarthroplasty and reverse arthroplasty for humeral head fractures, Mata-Fink 
et al. concluded that reverse shoulder arthroplasty offers improved functional 
outcome and forward flexion but long-term results are still amiss concerning 
implant survival and outcome [37].  

The inherent weakness of our study is the small number of patients available 
for long-term follow-up. The high rate of losses to follow-up represents a prob-
lem frequently encountered when dealing with study participants older than 60 
years, especially if long-term follow-up is intended [40] [41]. The fact that 29 out 
of 53 patients had deceased meanwhile reflects the principally geriatric composi-
tion of our study collective.  

5. Conclusions 

Despite the development of various new implant systems, the surgical approach 
to comminuted humeral head fractures is still a major challenge for the surgeon. 
Due to many possible biological complications such as osteoporosis or humeral 
head necrosis with a high risk for subsequent implant failure in case of primary 
reconstruction, the primary prosthetic replacement of the humeral head appears 
to be a meaningful alternative treatment option. A decisive advantage certainly 
represents a high proportion of pain-free patients after implantation of humeral 
head prosthesis even in the long run. Probably this fact also accounts for the high 
subjective satisfaction of the operated patients, in spite of the moderate functional 
outcome. A further and relevant advantage is represented by the complete missing 
of any secondary revisions during the 5 to 10 years observation period. Despite 
technical improvements, the functional and radiological long-term results with the 
E.P.O.C.A prosthesis fell short of expectations, in particular with reference to the 
preservation of the tubercles. 

Nevertheless, hemiarthroplasty appears as the smaller intervention with less 
blood loss and less perioperative risk compared to extended procedures as re-
verse shoulder arthroplasty. The fact that there had not been a single case af-
fording surgical revision or conversion to reverse shoulder arthroplasty in the 
long run speaks in favor of this treatment option. In case of implant failure re-
verse shoulder arthroplasty remains a viable withdrawal option in contrast to the 
primary generous use of reverse shoulder arthroplasty without any reasonable 
exit strategy in a geriatric population. 

Of course, there is a strong need for prospective randomized clinical studies 
comparing different treatment options including shoulder hemiarthroplasty to 
achieve a higher level of scientific proof regarding the decision-making in com-
plex fractures of the humeral head in an aging population. 
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