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Abstract
Introduction Surgical treatment of complex humeral head fractures in the elderly is challenging due to osteoporotic bone, 
comorbidities and reduced compliance. The treatment strategy (reconstruction versus replacement) should allow for a func-
tional aftercare and result in a high patient satisfaction. Major complications leading to surgical revision are crucial and 
should be avoided. The purpose of this study was to analyse the major complication rate leading to surgical revision and the 
patient-based outcome in complex humeral head fractures of the elderly population treated either using locking plate fixation 
(LCP) or reversed total shoulder arthroplasty (rTSA).
Materials and Methods All patients older than 65 years surgically treated due to a four-part fracture of the proximal humerus 
between 2003 and 2015 were enrolled in our retrospective study. Major complications and revision rates were recorded and 
functional outcome was assessed using the Munich Shoulder Questionnaire (MSQ) allowing for qualitative self-assessment 
of the Shoulder Pain and Disability Index (SPADI), of the Disability of the Arm, Shoulder and Hand (DASH) score and of 
the Constant Score.
Results A cohort of 103 patients with a mean age of 73.4 ± 6.2 years suffering from four-part fractures of the humeral head 
were enrolled. 63 patients were treated using the LCP fixation compared to 40 rTSAs. There were no significant differences 
in the patient-reported functional outcome. The revision rate was significantly higher in the LCP group (10/63; 15.9%) 
compared to the rTSA group (1/40; 2.5%). Reasons for revision were avascular head necrosis, cut-out of screws, secondary 
dislocation of the greater tuberosity and hypersensitivity to metal.
Conclusions Reversed total shoulder arthroplasty and locking plate fixationare both established surgical procedures for the 
management of complex proximal humerus fractures in the elderly leading to similar functional results. However the revision 
rate in the rTSA group was significantly lower. Primary rTSA should, therefore, be favoured in multimorbid elderly patients 
with an increased complication risk to avoid repeated anaesthesia.

Keywords Proximal humeral fracture · Locking plate fixation · Reversed total shoulder arthroplasty · Complication · 
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Introduction

In general proximal humerus fractures (PHFs) occur most 
commonly in elderly patients with an average age of 66 years 
whereas the majority of patients is female [1]. Along with 
fractures of the proximal femur and distal radius, PHF 
presents the third most common fragility fracture, often 

associated with osteoporosis [2]. Low bone mass, deficits 
in bone geometry and microarchitecture in combination with 
a higher risk of falling lead to a higher incidence of complex 
fracture patterns in terms of three- and fourt-part fractures 
according to Neer [1, 3, 4] in this patient cohort. Surgical 
treatment of these complex fractures in general is challeng-
ing, especially in older patients with comorbidities often 
resulting in a continuous modification and development of 
current surgical techniques.

The advent of the locking plate technology was con-
sidered as a breakthrough for the treatment of PHF in the 
elderly [5]. Advantages of this locking plate technology such 
as reduced friction and polyaxial locking screw positioning 
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were promising, thus leading to a significantly increased 
use. Unfortunately, complication rates including surgeon-
related problems (e.g. intraarticular screw positioning, screw 
loosening) as well as loss of reduction, screw cut-out, head 
necrosis and nonunion were considerably high [6–8]. The 
overall complication rate in patients > 60 years was reported 
as high as up to 45% leading to revision surgery in 18% of 
the patients within 1 year [7].

However, revision surgery along with repeated general 
anaesthetical procedures is crucial especially in the elderly 
patients due to a possible occurrence of postoperative cog-
nitive dysfunction (POCD = the patient does not return to 
his baseline cognition function) [9]. Furthermore, cognitive 
impairment in the elderly can lead to a decline in function, 
loss of personality and relationships as well as enormous 
community, social and healthcare costs [10].

In addition, secondary conversion to rTSA as salvage pro-
cedure for failure of LCP fixation in PHF in the elderly leads 
to significantly worse results compared to primary rTSA [11, 
12]. Every effort should be made to avoid complications 
leading to revision in this fragile patient collective. To be 
able to better decide which surgical procedure should be 
preferred it is important to understand the clinical outcome 
following either LCP fixation or primary rTSA.

Therefore, the purpose of this study was to assess the 
patient-based outcome as well as the major complications 
leading to surgical revision following primary LCP and 
rTSA, respectively, in treatment of four-part PHF in the 
elderly. We suppose that with the increasing experience in 
the field of shoulder arthroplasty, this could be the safer type 
of treatment of complex humeral head fractures in geriatric 
patients.

Materials and methods

Patients

The study protocol was approved by the local ethics commit-
tee. For this retrospective study the in-house fracture regis-
ter was searched for patients older than 65 years suffering 
from four-part fractures of the proximal humerus surgically 
treated at our level I trauma center. Preoperative standard 
radiographs of the shoulder (anterior–posterior view and 
Y-view orthogonal to the anterior–posterior view) and addi-
tional computed tomography (CT) according to the fracture 
pattern were evaluated. Injuries were considered four-part 
fractures if the fracture separated the greater tuberosity, 
lesser tuberosity, humeral head and humeral shaft. This is 
in accordance with the four-segment approach of the Neer 
classification [13], although the original criteria (disloca-
tion > 1 cm, tilt > 45°) were not necessarily fulfilled. Mul-
tiple trauma patients and patients with injuries of the same 

arm as the proximal humerus fracture were excluded. Writ-
ten informed consent was obtained from each patient.

Surgical technique and rehabilitation

In all enrolled patients surgery was performed using a delto-
pectoral approach in a beach chair position with the affected 
arm in a mobile position.

Group I—LCP

At first for performing locking plate fixation the separated 
tuberosities were fixed with tension band sutures to manipu-
late and reduce the free tuberosity fragments. Subsequently 
the humeral head was reduced and in case of medial meta-
physeal fragmentation, the medial column was restored to 
avoid varus collapse. If necessary, the fracture reduction 
was temporarily secured using K-wires. Finally, the plate 
was fixed to the humeral shaft and head and the tuberosity 
sutures were passed through the small holes of the plate to 
fix the tuberosities.

Group II—rTSA

For the performance of a reversed total shoulder arthro-
plasty the separated tuberosities were fixed with tension 
band sutures for later fixation to the humeral shaft. The 
humeral head and all loose bone fragments were removed. 
The glenoid was exposed and prepared for implantation of 
the baseplate and the glenosphere. The humeral shaft was 
then exposed, prepared and the humeral trial prosthesis was 
placed. In the next step the prosthesis was reduced with dif-
ferent inlays to confirm proper joint tension and stability. 
The intramedullary cavity was prepared and cemented fixa-
tion of the definitive prosthesis was performed. After hard-
ening of the cement the prosthesis was reduced and achieve-
ment of correct soft tissue tension was tested. If present the 
tuberosities were fixed to the stem to improve stability and 
function of the arthroplasty.

Postoperatively the arm was immobilized in a sling for 
6 weeks. The patients were allowed to start physiotherapy 
on the first postoperative day following a standard rehabili-
tation protocol: active-assisted abduction and flexion were 
restricted to 90° for the first six weeks. Weight-bearing was 
not allowed during this period. With decreasing pain, this 
training was extended and movements across the horizontal 
plane were allowed.

Follow‑up

Follow-up was performed using a patient reported outcome 
measurement (PROM) tool, the so-called Munich Shoul-
der Questionnaire (MSQ) [14]. For patient-based outcome 
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assessment the Munich Shoulder Questionnaire (MSQ) was 
sent to the patients by mail. This patient-reported outcome 
questionnaire presents a universally applicable instrument 
for the self-assessment of the shoulder function. It was 
developed for an effective follow-up of shoulder patients 
allowing for a quantitative assessment of the Shoulder Pain 
and Disability Index (SPADI), the Disability of the Arm, 
Shoulder and Hand (DASH) score and the Constant Score 
even without the examination by a clinician. The MSQ has 
been validated previously and its accuracy and effectiveness 
for follow-up evaluation was demonstrated [15, 16].

Major complications leading to surgical revision were 
assessed reviewing the electronic medical record of each 
patient. Radiographs of all patients who underwent revi-
sion surgery were analyzed regarding individual reasons for 
revision.

Statistics

Data were given as arithmetic mean ± standard deviation. 
The results were compared using the Mann–Whitney U test 
for continuous variables or Chi-Quadrat-test for dichotome 
variables. Further a logistic regression analysis was per-
formed to control for potential cofounders. A p value < 0.05 
determined statistical significance. Statistics were calculated 
using commercially available programs (IBM SPSS Statis-
tics for Windows, Version 22; Armonk, NY, USA).

Results

The in-house fracture register revealed 375 patients suffering 
from four-part fractures of the proximal humerus between 
August 2007 and September 2015. These patients were 
contacted by mail. 103 patients answered in time and were 

consecutively enrolled. 63 patients (46 females, 17 males) 
were allocated to the LCP group (group I) and 40 patients 
(34 females, 6 males; n.s.) to the rTSA group (group II). 
Mean follow-up accounted for 52.5 ± 36.2 months in group 
I and for 33.5 ± 17.6 months in group II (p < 0.05). The LCP-
group had a mean age of 71.4 ± 4.8 years compared to group 
II with 76.8 ± 6.8 years (p < 0.05). Time to surgery was sig-
nificantly shorter in the locking plate fixation group (group 
I 2.3 ± 2.2 days; group II 4.3 ± 3.9 days; p < 0.05).

Regarding the patient-based outcome assessment no 
significant differences between group I and group II were 
found (mean MSQ 77.3 ± 18.0 vs. 72.2 ± 27.1, n.s.; mean 
SPADI 80.4 ± 20.6 vs. 75.1 ± 28.9, n.s.; mean DASH score 
18.4 ± 20.2 vs. 19.6 ± 24.1, n.s.; mean Constant Score 
66.6 ± 17.1 vs. 64.8 ± 24.2 points, n.s.) (Fig. 1). Male and 
female patients did not show significantly different MSQ 
results (74.6 ± 21.8 vs. 75.6 ± 22.2 n.s.)

The revision rate was significantly higher in the LCP 
group (10/63 = 15.9%) compared to the rTSA group 
(1/40 = 2.5%; p = 0.032) (Table 1). A multivariate analysis 
controlling for the confounding variables age and gender 
was performed (Table 2) and confirmed the operation type as 
an independent risk factor for revision surgery (p = 0.049). 
Reasons for revision in group I were avascular humeral 
head necrosis (n = 3), secondary dislocation of tuberosity 
fragments (n = 3), cut-out of screws (n = 2) and postopera-
tive haematoma (n = 2). Table 3 presents an overview of all 

Fig. 1  Boxplot diagraphs comparing the results of the CONSTANT-
Score compared between the group with plate osteosynthesis (ORIF) 
and reversed shoulder arthroplasty (rTSA)

Table 1  Functional scores and revision rate for all 103 study patients

Data presented as mean ± SD or n (%)
*Statistically significant

All patients Group I Group II p

n 103 63 40
MSQ score 75.3 ± 22.0 77.3 ± 18.0 72.2 ± 27.1 0.758
SPADI score 78.3 ± 24.2 80.4 ± 20.6 75.1 ± 28.9 0.277
DASH score 18.9 ± 21.7 18.4 ± 20.2 19.6 ± 24.1 0.776
Constant 

score
65.9 ± 20.1 66.6 ± 17.1 64.8 ± 24.2 0.665

Revision 11/103 
(10.7%)

10/63 (15.9%) 1/40 (2.5%) 0.032*

Table 2  Logistic regression analysis of independent risk factors for 
revision operation

OR odds ratio, CI confidence interval
*Statistically significant

OR 95% CI p value

Age 1.049 0.925–1.189 0.455
Gender (male) 0.889 0.207–3.828 0.875
Operation type (ORIF) 9.673 1.003–93.09 0.049*
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patients who developed postoperative complications lead-
ing to revision surgery. Radiographs of a patient developing 
avascular head necrosis are shown in Fig. 2.   

In group II one patient presented with pain, reddening 
and overheating of the concerned shoulder 11 months post-
operatively. Due to clinical suspicion of a low-grade infec-
tion complete removal of the arthroplasty was performed. 

However, incubation of tissue samples and the polyethyl-
ene inlay after sonification showed no bacterial growth. 
Despite a missing history of metal allergy through con-
tact jewelry or clothing accessories a skin patch test was 
performed at the department of dermatology confirming 
a metal hypersensitivity towards cobalt and nickel. Thus 
a hypoallergenic rTSA was implanted and the patient 
reported no further complaints.

Table 3  List of ten cases with reported complications leading to surgical revision

HD hinge displacement, SC short calcar segment (< 8 mm), AN anatomical neck fracture, AVN avascular head necrosis, n.a. not available, GT 
greater tuberosity

Patient  No Age/gender Time to opera-
tion (days)

Hertel criteria Treatment Complication

1 68 years, female 1 HD ( +), SC ( +), AN (−) ORIF AVN,
2 77 years, female 2 HD ( +), SC (−), AN (−) ORIF Cut-out
3 74 years, female 1 HD ( +), SC (−), AN (−) ORIF AVN
4 74 years, ma le 1 HD (−), SC (−), AN (−) ORIF Postoperative hematoma
5 79 years, female 1 HD ( +), SC (−), AN (−) ORIF ORIF Cut-out
6 74 years, femearsale 0 HD ( +), SC (−), AN (−) ORIF Postoperative hematoma
7 77 years, female 3 HD ( +), SC ( +), AN (−) rTSA Metal hypersensitivity
8 70 years, female 0 HD ( +), SC ( +), AN (−) ORIF Secondary dislocation of GT
9 69 years, male 4 HD ( +), SC ( +), AN (−) ORIF Secondary dislocation of GT
10 78 years, male 5 HD (−), SC ( +), AN (−) ORIF Secondary dislocation of GT
11 76 years, female 2 HD ( +), SC ( +), AN (−) ORIF AVN

Fig. 2  Case presentation. A 74 year old woman presented with a four-
part fracture of the right humeral head. Open reduction and internal 
fixation was performed 1 day after the trauma. a preoperative ap-view 
of the fracture; b postoperative ap-view after reconstruction using a 

locking plate osteosynthesis; c CT scan two months postoperative 
shows a collapse of the humeral head with secondary dislocation of 
the screws
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Discussion

Surgical treatment of proximal humeral fractures in the 
elderly is a challenging task due to osteoporotic bone, 
comorbidities and reduced compliance in this patient 
cohort. While in theory the locking plate technology pre-
sents clear advantages, the failure rate in PHFs of geriatric 
patients is quite high with a reoperation rate of 18% in 
four-part fractures. Conversion to rTSA after failure of 
locking plate fixation leads to functional improvement and 
pain relief, but functional scores decrease consequently 
and the complication rate is higher compared to primary 
rTSA in fracture treatment [12]. Therefore, the purpose 
of this study was to assess the patient-based outcome and 
the failure rate leading to surgical revision of LCP and 
primary rTSA in four-part PHFs of the elderly population.

The Munich Shoulder Questionnaire was used to assess 
the functional outcome and patients’ postoperative satis-
faction. It allows for a self-assessment of the SPADI, the 
DASH and the Constant Score representing the major 
scores for the assessment of shoulder function and focuses 
on the subjective patient satisfaction which does not nec-
essarily correlate with the physician-based examination 
[17]. The functional outcome with a mean Constant Score 
of 66.6 ± 17.1 points in group I and 64.8 ± 24.2 points in 
group II did not show significant differences and is com-
parable to the results of other authors [18–20]. Giardella 
et al. [18] also compared the outcome of ORIF versus 
rTSA of three- and four-part fractures in elderly patients 
and reported a better functional outcome for the arthro-
plasty group assessed with the constant score. Prima facie, 
the mean Constant Score of the presented collective with 
about only two-thirds of the highest Constant Score of 
100 seems to be poor. However, the total Constant Score 
decreases with age for both genders [21]. According to 
Tavakkolizadeh et al. [21] a Constant Score between 78 
and 80 points is equivalent to a normal shoulder function 
in patients over the age of 70. Taking this into account, the 
results of the presented study can be rated as good age-
adjusted Constant Score results corresponding to a good 
recovery of the injured and surgically treated shoulder.

Avascular head necrosis (AVN), postoperative loss 
of reduction, screw cut-out and non-union are common 
major complications in humeral head-preserving surgical 
techniques often leading to surgical revision. In the pre-
sented study AVN appeared in three patients in group I. 
To estimate the risk of this crucial complication, Hertel 
et al. defined the length of the dorsomedial metaphyseal 
extension, the integrity of the medial hinge and some spe-
cific fracture types as most relevant factors for developing 
ischemia of the humeral head [22]. In the presented three 
cases with AVN the length of the medial metaphyseal head 

extension was very short, in two of three cases the medial 
hinge was displaced (see Table 3). Thus according to Her-
tel et al., the head perfusion was at risk. However, locking 
plate fixation was performed since further ischemia crite-
ria were missing. In addition, the factors defined by Hertel 
can only be considered as recommendations because the 
achievement of adequate reduction and stable conditions 
even in initially ischemic humeral heads can lead to revas-
cularization [23].

Deterioration of bone quality in geriatric patients with 
additional weakening due to further comorbidities (such 
as osteoporosis) and influence of medication decreases the 
resistance of bone against repeated load [24]. Hence pre-
mature failure of the bone around screws following fracture 
fixation can lead to cut-out of metal hardware [25] observed 
twice in group I. Bone cement augmentation to prevent cut-
out of implants in geriatric patients suffering from proximal 
femur fractures was successfully performed even in revision 
surgery [26]. Thus cement augmentation also of humeral 
head screws was developed and biomechanical investiga-
tions showed an increased primary stability. In a clinical 
study, Katthagen et al. showed similar functional outcomes 
but significantly less screw cut-out in cement augmentation 
of locking plate fixation of PHF in the elderly compared to 
locking plate fixation only [27].

Fixation of small tuberosity fragments can be achieved by 
rotator cuff sutures placed into the subscapularis tendon, the 
supraspinatus and the infraspinatus tendon just superficial 
to the tendon’s bony insertion [28]. However, we observed 
secondary dorsocranial dislocation of initial anatomically 
reduced greater tuberosity fragments in two cases in the 
early postoperative period. In these patients the suture fixa-
tion of the infraspinatus tendon was not performed resulting 
in lower stability of the greater tuberosity.

In recent decades, metal hypersensitivity (MHS) as rea-
son for implant failure gained more and more attention in 
orthopedic surgery. In the general population the frequency 
of cutaneous allergies with immunological reactions espe-
cially to nickel, cobalt and chromium is estimated of up to 
13% [29]. Patients suffering from MHS following total hip 
and total knee arthroplasty present with periprosthetic joint 
pain, effusions and cutaneous eczematous rash [30]. In our 
study one patient reported periprosthetic joint pain and skin 
redness 11 months after implantation of a reversed total 
shoulder arthroplasty. Reasons for joint replacement failure 
such as infection or mechanical issues of size, placement 
or orientation were excluded. The patient reported no his-
tory of metal allergy; however, skin patch testing following 
removal of the prosthesis confirmed MHS against nickel and 
cobalt. Thus re-implantation of a hypoallergenic rTSA was 
performed and the patient reported no further complaints. 
Nevertheless, the clinical relevance of MHS remains unclear 
to the orthopedic surgeon. Especially in the acute fracture 
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situation, comprehensive preoperative screening via skin 
patch testing would delay surgical treatment. Depending on 
local facilities further skin testing of patients with a positive 
metal allergy history (such as contact jewelry or clothing 
accessories [30]) constitutes an individual decision.

In the presented study the mean follow-up was signifi-
cantly shorter in group II (33.5 ± 17.6 months) compared to 
group I (52.5 ± 36.2 months; p < 0.05). The shorter follow-
up in group II might be due to the lower incidence of rTSA 
in relation to LCP fixation at the beginning of the study in 
2007. During the study period rTSA was increasingly per-
formed due to good postoperative results [31]. Data from 
the Finnish Arthroplasty Register and the Finnish National 
Hospital Discharge Register during 2004–2015 confirm this 
trend: the total number of reverse shoulder arthroplasty was 
rapidly increasing by 4500%, respectively [32].

In a systematic review the reoperation rate following open 
reduction and internal fixation (ORIF) of PHFs was signifi-
cantly higher compared to rTSA after a similar follow-up 
of 30–34 months, supporting our findings [33]. Neverthe-
less, the shorter follow-up of the rTSA group in our study 
collective could be one factor for the lower revision rate in 
group II. One can expect that the low revision rate of 2.5% 
in the rTSA group will increase over time. Van Ochten et al. 
reported long-term results of reversed shoulder arthroplasty 
with a revision rate of 8.2% after 9 years [34]. Although this 
is a substantial increase, the long-term revision rate of plate 
fixation is still considerably higher [35].

The evaluation objective of the functional outcome, of 
the complication and revision rate following LCP and rTSA 
in the elderly is to facilitate the decision which procedure 
should be preferred in daily clinical practice. Spross et al. 
developed a therapeutic algorithm based on the activity level 
and the general health status. According to this algorithm 
rTSA is recommended for patients older than 70 years with 
four-part fractures without valgus impaction or patients older 
than 70 years with valgus impacted four-part fractures and 
tuberosity displacement > 1 cm towards the humeral head. 
Despite a high revision rate in the ORIF group the authors 
observed very satisfying functional outcomes of rTSA after 
a follow-up of 1 year without revision surgery [36]. These 
findings support the suggestion to reduce the age limit for 
rTSA to > 65 years, as performed in our study.

Limitations

There are several limitations to be considered when inter-
preting the presented results. At first, the retrospective anal-
ysis of the data of our in-house fracture register may be 
inaccurate and may not provide the quality of a prospective 
data selection. Second, all patients were queried to assess 
major complications leading to surgical revision and the 

electronic medical record was reviewed. Therefore, minor 
complications such as superficial wound healing problems 
or numbness could be missed. However, the objective of 
our study was to assess the major complications leading to 
surgical revision. At third, there was a significant difference 
regarding follow-up in both groups. As mentioned above at 
the beginning of the study in 2007 rTSA presented a low 
incidence compared to LCP fixation. Our study was based 
on a self-assessment questionnaire to focus on subjective 
patient satisfaction. A selection bias regarding patients who 
did return the questionnaire and those who did not cannot 
be excluded. Eventually, patients may respond more often 
to the question which patients were particularly satisfied or 
dissatisfied. Future investigations with prospective rand-
omized comparisons of LCP fixation and rTSA in PHFs of 
the elderly are warranted.

Conclusions

Reversed total shoulder arthroplasty as well as locking 
plate fixation are both established surgical procedures for 
the treatment of geriatric four-part fractures of the humeral 
head leading to similar functional outcome results. However, 
in mid-term follow-up, the revision rate of the rTSA group 
was significantly lower compared to the patients treated with 
locking plate fixation. Therefore, primary rTSA should be 
considered to treat complex humeral head fracture in geri-
atric patients with an increased complication risk to avoid 
revision and repeated anaesthesia.
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