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1. Introduction 
Reverse shoulder arthroplasty (RSA), first designed by Paul 
Grammont in France in the 1980s, extends the moment arm of 
the deltoid muscle by shifting the shoulder rotation center 
medially and inferiorly. Thus, active forward flexion and 
abduction movement of the shoulder is provided with deltoid 
muscle strength (Grammont and Baulot, 1993). It has a more 
stable prosthesis design than total and partial shoulder 
prostheses (Matsen et al., 2007). Although RSA are used in 
massive rotator cuff tear arthropathy, it has also been found to 
be used in failed shoulder arthroplasty or internal fixation 
revisions, shoulder involvement of rheumatological diseases, 
tumor reconstruction, multi-fragmentary proximal humerus 
fractures (Boileau et al., 2006; Guery et al., 2006; Matsen et 
al., 2007; Levy and Badman, 2011; Melis et al., 2012; Shafritz 
and Flieger, 2012; Schwarz et al., 2021). In this study, we 
aimed to report the clinical and radiological results of RSA that 
have been performed with different diagnoses. 

2. Materials and Methods 
Between 2010 and 2013, a total of 10 patients, four males and 
six females, underwent shoulder replacement surgeries with 
RSA. The diagnoses were arthropathy due to massive rotator 

cuff tear in seven patients, multi-fragmentary proximal 
humerus fracture in two patients, and hemiarthroplasty revision 
in one patient. The indications for surgical treatment in patients 
diagnosed with arthropathy due to massive rotator cuff tear 
were despite conservative treatment for at least six months to 
continue the complaint, determining irreparable massive 
rotator cuff tears in magnetic resonance imaging (MRI) and 
accompanying pseudo-paralytic shoulder to tears. The pseudo-
paralytic shoulder was defined as anterior flexion less than 60 
degrees accompanying anterior and superior instability 
(Shafritz and Flieger, 2012). Preoperative shoulder range of 
motion was measured with the help of a goniometer. In the 
preoperative evaluation, each patient underwent standard 
anterior-posterior and axillary shoulder radiography, MRI in 
addition to patients with rotator cuff arthropathy, and 
computed tomography (CT) examinations in addition to those 
with a proximal humeral fracture. The right shoulder of five 
patients and the left shoulder of five patients were operated. 

In the surgical technique, the deltopectoral approach was 
used in all patients and the tenotomy was applied to the 
subscapularis tendon. The midpoint of the glenoid was found, 

Journal of Experimental and Clinical Medicine 
https://dergipark.org.tr/omujecm 

Research Article 

 

Reverse shoulder arthroplasty-early results 

Ferhat SAY1,* , Numan KUYUBAŞI2 , Ahmet PİŞKİN1 , Murat BÜLBÜL3   
 
 
 

 

1Department of Orthopaedics and Traumatology, Faculty of Medicine, Ondokuz Mayıs University, Samsun, Turkey 
2Department of Orthopaedics and Traumatology, Faculty of Medicine, Kütahya Sağlık Bilimleri University, Kütahya, Turkey 

3Department of Orthopaedics and Traumatology, Faculty of Medicine, Medipol University, İstanbul, Turkey 

Received: 20.05.2020 • Accepted/Published Online: 09.02.2021 • Final Version: 23.04.2021 

Abstract 
Although reverse shoulder arthroplasty is used in massive rotator cuff tears, it is also used in proximal humerus fractures and shoulder arthroplasty 
revision. In this study, we aimed to examine the early radiological and clinical results of patients undergoing reverse shoulder arthroplasty with 
different diagnoses. Between 2010 and 2013, reverse shoulder arthroplasty was applied to 10 patients (4 men, 6 women) with the diagnosis of 
arthropathy due to rotator cuff tear (n: 7), multi-fragmentary proximal humerus fracture (n: 2) and hemiarthroplasty revision (n: 1). The median 
age of the patients was 74 (64-85) years and the median follow-up was 15.5 (3-35) months. Patients were assessed in terms of joint range of 
motion, Constant score and Visual Pain Scale (VAS) and radiological examinations before and after surgery. Preoperative active shoulder flexion, 
abduction, internal and external rotation degrees of the patients were 65, 30, 40 and 50 degrees, and 105, 95, 30, 57.5 degrees respectively in their 
final controls. Constant score was 20.5 (14-63) preoperatively, and 54.5 (38-64) in the final controls (p˂0.05). While the preoperative VAS was 7 
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and a Kirshner wire was sent from the inferior of this point with 
15 degrees inferior, parallel to the scapular body. The glenoid 
was prepared by removing only superficial subchondral bone 
using a reamer. The baseplate was fixed to the scapula with at 
least two screws without using cement. Humerus diaphysis was 
reamed with suitable reamers and metaphysis was prepared 
with rasps. The humeral stem was placed with cement in an 
appropriate degree at 10 degrees retroversion. The glenoid 
sphere was fixed to the baseplate with a screw. A polyethylene 
insert of appropriate size was placed after the trials in the 
humeral system. The joint was reduced, and stability control 
was checked. In patients operated with the diagnosis of 
proximal humerus fracture, tuberculum majus, and tuberculum 
minus sutured anatomically with the help of the sutures (Fig. 
1). 

 
Fig. 1. Pre-operative anterior posterior shoulder radiography (a) three-
dimensional reconstruction computerized tomography image (b) and 
postoperative 4th month control anterior posterior radiography (c) with 
the diagnosis of multi-fragmentary proximal humeral fracture 

Shoulder arm sling was applied in the first six weeks after 
the operation and passive joint range of motion exercises were 
started in the early period. Active exercises were started after 
the sixth week, and muscle-strengthening exercises were 
performed after 12 weeks. 

Patients were evaluated with joint range of motion, 
Constant and visual pain scale (VAS) scores and direct 
radiography, in their last controls. Constant score includes 
pain, degree of activity, and shoulder movements. The median 
age of the patients was 74 (64-85) years and the median follow-
up was 15.5 (3-35) months. 

The results are stated as median (minimum-maximum). 
SPSS for Windows v.16.0 (SPSS Inc., Chicago, IL, USA) 
program was used to evaluate the data. Wilcoxon test was used 
for statistical evaluation of preoperative and postoperative 

data. Statistical significance level was accepted as p <0.05. 

3. Results 
Preoperative active shoulder flexion, abduction, internal and 
external rotation degrees were 65, 30, 40 and 50 degrees, 
respectively, post-operatively they were measured as 105, 95, 
30, 57.5 degrees, respectively (Fig. 2, Tables 1, 2). Constant 
score was 20.5 (14-63) preoperatively, and 54.5 (38-64) in the 
final controls (p˂0.05). While the preoperative VAS was 7 (3-
9), it was found to be 1.5 (1-3) in the final controls (p˂0.05) 
(Table 2). As complications, none of the patients had 
hematoma, infection, instability, acromial insufficiency, 
glenoid and humeral component loosening. Scapular notching 
was observed in one patient. In this patient, radiologically 
notching had not affected the lateral edge of the scapula and 
reached the lower screw (Fig. 3). Scapular notching was 
classified as grade 1 according to the Sirveaux classification 
(Sirveaux et al., 2004). In this patient who was followed up 
conservatively with physical therapy, it was found that the 
range of motion was not affected despite the scapular notching. 

4. Discussion 
RSA is not a very new concept and was found as an alternative 
to other shoulder prostheses in the 1970s. However, due to the 
lateralization of the shoulder joint rotation center in early 
designs, the load on the glenoid increased, and early loosening 
occurred (Ramirez et al., 2012). In 1987, Paul Grammont 
created a new prosthesis concept, and in his biomechanical 
studies, it was shown that medialization of the rotation center 
by 10 mm would increase the deltoid abduction moment by 
20%, and the rotation center by 10 mm inferior would increase 
the deltoid abduction moment by 30% (Baulot et al., 2011; 
Ramirez et al., 2012). Although the main indication of the 
reverse shoulder prosthesis is massive rotator cuff tear 
arthropathy, its indications have widened over time, it has 
found use in failed shoulder arthroplasty or internal fixation 
revisions, shoulder involvement of rheumatological diseases, 
tumor reconstructions, multi-fragmentary proximal humerus 
fractures (Boileau et al., 2006; Guery et al., 2006; Matsen et 
al., 2007; Levy and Badman, 2011; Melis et al., 2012; Shafritz 
and Flieger, 2012 Schwarz et al., 2021).  

In our study, the etiologic diagnosis of patients was rotator 
cuff tear arthropathy, multi-fragmentary proximal humerus 
fracture, and hemiarthroplasty revision. When the results of our 
study were evaluated, shoulder abduction and flexion increased 
in the rotator cuff tear group patients. It was observed that there 
was no significant change in internal and external rotation 
values in patients operated with a diagnosis of fracture and 
revision. Although the number of patients was low for 
statistical comparison, we found the best functional outcome in 
the rotator cuff tear group. The functional outcome of RSA for 
the rotator cuff tear arthropathy has been reported better than 
revision arthroplasty and posttraumatic arthritis (Boileau et al., 
2006; Wall et al., 2007). However, some authors reported 
similar functional outcomes of RSA for rotator cuff tear 
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arthropathy and proximal humerus fracture with lower 
satisfaction in patients with an acute fracture (Sebastia-Forcada 
et al., 2020). The determinant of internal and external rotation 

in RSA applied in fracture etiology depends on the anatomical 
restoration and healing of tuberculum majus and minus (Levy 
and Badman, 2011; Gunst et al., 2021).  

Table 1. Demographic information and study data of patients 
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Fig. 2. Sixty-five-year-old patient with rotator cuff arthropathy and a reverse shoulder prosthesis, functional images of the 6th month after surgery

Although the transacromial approach used by Grammont is 
less popular now, deltopectoral and anterosuperior approaches 
are the most used for RSA. Both approaches have advantages 
and disadvantages. The deltopectoral approach allows an easier 
approach to the glenoid lower pole and proximal humerus 
inferior, with the preservation of the deltoid muscle and active 
external rotation. With this approach, it helps to better position 
the glenoid component by reducing inferior compression and 
loosening. However, the disruption of the integrity of the 
subscapularis tendon is the risk of developing instability with 
wide capsular relaxation and the disability of the posterior cuff 
muscles and access to the glenoid (Ladermann et al., 2011).  

The anterosuperior approach provides advantages such as 
simple and easy preparation of the humerus, easier approach to 
the glenoid, and preservation of the integrity of the 

subscapularis muscle. With this approach, the weakening of the 
anterior deltoid and the difficulty of the glenoid component 
placement are its disadvantages (Mole et al., 2011). The 
functional superiority of both approaches has not been reported 
(Ladermann et al., 2011). In all of our patients, we applied RSA 
with a deltopectoral approach. 

Table 2. Comparison of patients' preoperative and final control data 

  Preoperative Last control P* 
Active flexion (°) 
Active abduction (°) 
Internal rotation (°) 
External rotation (°) 
Constant score 
VAS 

65 (40-150) 
30 (20-140) 
40 (20-90) 
50 (20-70) 
20.5 (14-63) 
7 (3-9) 

105(70-170) 
95 (45-110) 
30 (10-90) 
57.5 (10-90) 
54.5 (38-64) 
1.5 (1-3) 

≥0.05 
≥0.05 
≥0.05 
˂0.05 
˂0.05 
˂0.05 

*Wilcoxon test   
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Fig. 3. 25-month control anteroposterior radiograph of a 78-year-old 
patient with an RSA for rotator cuff arthropathy. Scapular notching is 
indicated by the arrow 

Complications of RSA have been reported as glenoid and 
humeral component loosening, dislocation, infection, scapular 
notching, periprosthetic fracture, neurological problems, 
acromion fracture, hematoma (Sirveaux et al., 2004; Werner et 
al., 2005; Boileau et al., 2006; Wall et al., 2007; Boileau et al., 
2009; Cheung et al., 2011). Complication rates were higher in 
the RSA series performed as revision surgery (Wall et al., 
2007). Dislocation has been reported as the most common 
complication (Cheung et al., 2011). In different studies, the 
incidence of scapular notching has been reported to be 44-96% 
(Vanhove and Beugnies, 2004; Werner et al., 2005; Simovitch 
et al., 2007; Wall et al., 2007; Levigne et al., 2008; Cazeneuve 
and Cristofari, 2010). Scapular notching was reported to be 
progressive and follow-up time and frequency were in direct 
proportion (Levigne et al., 2008). Different opinions have been 
reported on the clinical effect of scapular notching. Some 
authors report that notching does not affect shoulder range of 
motion or functional scores, but some report it as an 
unsuccessful result and independent risk factor for glenoid 
component loosening (Vanhove and Beugnies, 2004; 
Simovitch et al., 2007; Cazeneuve and Cristofari, 2010; 
Levigne et al., 2011). Cazeneuve and Cristofari (2010) 
observed a series of 36 patients with a RSA due to the proximal 
humerus fracture, with an average of 6.6 years follow-up in 23 
patients with glenoid component loosening and 19 patients 
with scapular notching. Levigne et al. (2008) reported that 
notching was associated with preoperative rotator cuff 
arthropathy, but there was no relationship between the degree 
of notching and range of motion and Constant score. To 
prevent scapular notching, it is recommended to use eccentric 
gleno-sphere, to place the glenoid component downward and 
not to give superior tilt (Levigne et al., 2008; Levigne et al., 
2011; Mizuno et al., 2012). However, there are authors who 
reported that placement of the glenoid component with the 
inferior tilt position does not decrease the rate of scapular 
notching (Edwards et al., 2012). The most effective methods of 

preventing inferior scapular notching were reported to use 
deltopectoral approach, the use of lateralized large-scale 
glenoid spheres and the insertion of components according to 
the patient's natural retroversion (Berhouet et al., 2014; 
Friedman et al., 2019). In patients in our study, we placed the 
glenoid sphere component inferiorly, preventing contact 
between the humeral component and the glenoid inferior. 
However, we found grade 1 scapular notching in one patient 
due to the superior tilt position of the glenoid. We did not find 
any complications in any of the patients except this patient. 

The limitations of our study are that the patients with 
different diagnoses and the total number of patients are low and 
our follow-up time is short. 

In conclusion, early results are good and complication rate 
is low in the treatment of RSA especially in patients with 
rotator cuff arthropathy. We recommend paying attention to 
the glenoid component location to avoid scapular notching. We 
continue our patients' follow-up to evaluate complications and 
functional results in the long term. 
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