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Comparison of Clinical and Radiological
Results according to Glenosphere Position
in Reverse Total Shoulder Arthroplasty:
A Short-term Follow-up Study

Chang Hyuk Choi, MD, Sung Guk Kim, MD, Jae Jun Lee, MD, Byung Hoon Kwack, MD

Shoulder and Elbow Joint Service, Department of Orthopaedic Surgery, Daegu Catholic University Medical Center, Daegu, Korea

Background: In a previous biomechanical study, eccentric glenospheres with more inferior position of the center of rotation were
shown to improve range of motion and reduce the incidence of scapular notching after reverse total shoulder arthroplasty (RSA).
The purpose of this study was to compare the clinical and radiological results of RSA using an eccentric glenosphere to those us-
ing a concentric glenosphere and to determine the usefulness of the eccentric glenosphere.

Methods: From 2009 to 2015, we performed a retrospective review of 20 consecutive patients who underwent RSA using a delto-
pectoral approach. Nine patients underwent RSA using a concentric glenosphere (group A) while 11 had an eccentric glenosphere
(group B). The average follow-up period was 13.9 months (range, 12 to 18 months). All glenoid components were placed with 15°
of inferior tilt. Clinical results were assessed using the visual analog pain scale score (VAS), the American Shoulder and Elbow
Surgeon (ASES) score, the Korean shoulder scoring system (KSS), and the Constant score. On radiological evaluation, prosthesis-
scapular neck angle (PSNA), peg-glenoid rim distance (PGRD), scapular neck-inferior glenoshere rim distance (inferior glenoshpere
overhang), acromion-greater tuberosity (AT) distance, glenoid-greater tuberosity (GT) distance, and severity of notching according
to the Nerot-Sirveaux classification were assessed.

Results: The clinical results improved significantly in both groups, but there was no statistically significant difference between the
two groups. A significant intergroup difference was observed with regard to PGRD (24.8 + 1.6 mm for group A vs. 22.2 + 1.9 mm for
group B; p = 0.002) and inferior glenosphere overhang (2.0 + 1.7 mm for group A vs. 5.8 + 1.6 mm for group B; p = 0.000). Seven of
9 patients in group A developed notching compared with 2 of 11 patients in group B (p = 0.022). The other radiological parameters
such as inferior tilt and AT and GT distances were not significantly different between two groups. Complications such as loosening
and scapular fractures did not occur.

Conclusions: The eccentric glenosphere in RSA was more effective in reducing the rate of notching than the concentric gleno-
sphere although clinical outcomes were not significantly different in the short-term follow-up.
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Since Grammont et al.” introduced reverse total shoulder
arthroplasty (RSA) in 1987, many authors have reported
good results of the procedure in terms of pain relief and
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phenomenon, various methods have been suggested, such
as eccentric (inferior) positioning,” inferior tilting,” lateral
offset,” reduction of the humeral neck-shaft angle,‘” larger
glenoid component insertion,” and increasing humeral
component retroversion.”

de Wilde et al.” compared the six different methods
using a 2-dimensional (2D) computer simulation without
taking into account the soft tissues and muscles. They con-
cluded that inferior positioning of the glenosphere was the
most effective way to overcome the problem of scapular
notching. In a biomechanical study related to RSA, inferior
positioning of the glenosphere with more inferior position
of the center of rotation was shown to improve the range
of motion and reduce the incidence of scapular notching.”
Based on such research, eccentric glenospheres have been
introduced in RSA. However, in spite of the advantage of
reducing scapular notching through inferior positioning
of the center of rotation, inferior glenosphere position-
ing raises the risk of acromial fracture caused by excessive
tension due to the increased lever arm of the deltoid. The
purpose of this study was to evaluate the clinical and ra-
diological results of RSA using an eccentric glenosphere
compared with RSA using a concentric glenosphere and to
determine the usefulness of the eccentric glenosphere. We
established two hypotheses regarding the consequences
of the more inferior positioning of the center of rotation
in RSA using an eccentric glenosphere. First, the increase
in inferior glenosphere overhang would be related to re-
duction in scapular notching. Second, the increase in the
deltoid lever arm could cause complications such as loos-
ening or scapular fracture.

METHODS

Patient Selection

From December 2009 to February 2015, we performed a
retrospective review of 22 consecutive patients who under-
went RSA due to cuff tear arthropathy (CTA). The inclu-
sion criteria were patients who underwent RSA for CTA
and functional and radiological evaluation for a minimum
follow-up of 12 months. The exclusion criteria were the
following: (1) RSA for fracture; (2) RSA for rheumatoid
arthritis; (3) hemi- or total shoulder arthroplasty for CTA;
(4) inadequate follow-up (less than 12 months); and (5)
patients without radiological evaluation for at least 1 post-
operative year. Two of the 22 patients were lost to follow-
up ultimately leaving 20 patients for analysis. The patients
were divided into two groups. Nine patients in group A re-
ceived a 36-mm concentric glenosphere (Aequalis Reverse
Prosthesis; Tornier, Houston, TX, USA) between Decem-

ber 2009 and June 2013. Eleven patients in group B had
a 36-mm eccentric glenosphere (SMR Reverse Shoulder
Prosthesis; Lima Corporate, Udine, Italy) between Febru-
ary 2014 and February 2015, which was a different device
but the surgical protocol was the same. Demographic data
were collected on each patient including age, sex, the oper-
ated side, body mass index (BMI), indication for RSA, and
history of surgery on the affected shoulder. The average
follow-up period was 13.9 + 2.6 months (range, 12 to 18
months). This study was approved by the Institutional Re-
view Board of Daegu Catholoic University Medical Center
and informed consent was exempted (No. CR-16-047-L).

Surgical Technique

All RSAs were performed in the beach chair position by
a single senior author (CHC) using the deltopectoral ap-
proach under general anesthesia. The humeral head was
cut with 20° of retroversion and the glenoid was reamed in
approximately 15° of inferior tilt. A guide wire and a gle-
noid baseplate were inserted using the same surgical tech-
nique in both groups. However, the eccentric glenosphere
(SMR Reverse Shoulder Prosthesis) provided 4-mm infe-
rior offset to generate inferior overhang. Suitable tension
could be adjusted after template reduction using the trial
component. This could be noted at surgery as the open-
book phenomenon when the arm was internally and
externally rotated. An improper tension could cause the
open book phenomenon where the component is levered
away from the glenoid. The final stability was checked by
fluoroscopic examination. All patients underwent sub-
scapularis tendon repair using transosseous suture in order
to match the transverse force couple and a soft tissue biceps
tenodesis when the tendon was still present.

Rehabilitation

Postoperatively, the patient wore an abduction brace for 4
weeks. Active elbow motion and hand grip exercises were
started the day after surgery. Pendulum exercises and pas-
sive range of motion were started 2 weeks after surgery,
depending on the status of the surgical wound. After 4
weeks, the brace was discontinued and normal daily activi-
ties were allowed as tolerated.

Clinical and Radiological Evaluation

Patients were regularly followed up in the outpatient depart-
ment. Clinical assessments were performed by the senior
author. Medical records of all patients were reviewed inde-
pendently. Radiological parameters were measured by two
orthopedic surgeons, both of whom were blinded to the
clinical outcomes. The averages of the measurements were
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used for statistical analysis of the radiological parameters.

Clinical results were assessed using the visual analog
pain scale score (VAS), the American Shoulder and Elbow
Surgeon (ASES) score,” the Korean shoulder scoring sys-
tem (KSS),” and the Constant score'” preoperatively and
postoperatively at the final follow-up between 12 to 18
months. The degrees of active forward flexion, external ro-
tation, and internal rotation were measured at each follow-
up.

Radiological examination was performed using an-
teroposterior (AP) views of the glenohumeral joint in neu-
tral rotation. Postoperatively, the prosthesis-scapular neck
angle (PSNA) was used to evaluate the inferior tilt (Fig.
1A), the peg-glenoid rim distance (PGRD) was measured
to assess the inferior positioning of the baseplate (Fig. 1B),
and the scapular neck-inferior glenosphere rim distance
represented the degree of inferior glenosphere overhang
(Fig. 1C).>"" The acromion-greater tuberosity (AT) dis-
tance was used to evaluate the amount of humeral length-
ening (Fig. 1D) and the glenoid-greater tuberosity (GT)
distance was measured to assess the amount of medializa-
tion or lateralization of the humerus (Fig. 1E)."”” Inferior
scapular notching was classified according to the Nerot-
Sirveaux classification at the final follow-up between 12 to
18 months (Fig. 2).”

Statistical Analysis

The IBM SPSS ver. 19.0 (IBM Co., Armonk, NY, USA) was
used for statistical analysis of clinical and radiological re-
sults. A p-values were calculated using the Mann-Whitney
U-test, Wilcoxon signed-rank test, and Fisher exact test,
and the statistical significance was assumed at p < 0.05.

‘ioéiu'

Fig. 1. Radiographic measurements. (A) The prosthesis-scapular neck
angle. (B) The peg glenoid rim distance. (C) The scapular neck inferior
glenosphere rim distance. (D) The acromion-greater tuberosity distance.
(E) The glenoid-greater tuberosity distance.

Fig. 2. Inferior scapular notching. (A) Sca-
pular notching (arrow) in a patient with
a concentric glenosphere. (B) Scapular
notching (arrow) in a patient with an
eccentric glenosphere.
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RESULTS

This study included a total of 20 patients: 9 in group A and
11 in group B. The mean age at the time of surgery was
39.0 years (range, 52 to 86 years). There were 8 men and
12 women. The surgery was performed on the right shoul-
der in 11 and on the left shoulder in 9. The mean BMI at
the time of surgery was 23.7 kg/m’ (range, 17.7 to 27.1 kg/
m?). The mean follow-up period was 13.9 months (range,
12 to 18 months). Patient demographics for each group are
summarized in Table 1. There was no statistically signifi-
cant difference in patient demographics between the two
groups (p > 0.05).

The mean clinical test scores and range of motion
in all planes are presented in Tables 2 and 3. Compared
to preoperative values, the postoperative clinical results

Table 1. Demographic Data

Group A Group B
Variable (concentric (eccentric p-value
glenosphere)  glenosphere)
No. of patients 9 "
Age (yr) 67.6+10.8 70.1+£94 0.76
Male:female 45 47 1.00
Right:left 54 6:5 1.00
Body mass index (kg/m’) 231+22 241+29 0.27
Follow-up (mo) 142+29 136+25 0.60

Values are presented as mean + standard deviation.

were significantly improved at the final follow-up in both
groups (p < 0.05) (Table 2). However, there was no statisti-
cally significant difference between the two groups (p >
0.05) (Table 3).

The mean radiological assessment results for each
group are listed in Table 4. Compared to group B, the
PGRD was significantly greater in group A (p = 0.002).
The AT and GT distances were longer in group B than in
group A, but the difference did not reach statistical signifi-
cance (p > 0.05). Compared to group A, inferior overhang
was significantly greater in group B (p = 0.000). Inferior
scapular notching was present in 9 patients: 7 of 9 patients
in group A and 2 of 11 patients in group B. The notch-

Table 3. Clinical Assessment: Comparison between the Groups

Group A Group B
Variable (concentric (eccentric p-value
glenosphere) glenosphere)
VAS -38+19 —41+21 0.766
ASES 402+126 46.4+143 0.456
KSS 391+114 475+12.7 0.152
Constant 38.7+70 355+ 10.6 0.503
Forward flexion (°) 744+313 90.0+38.2 0.295
External rotation (°) 13.3+12.2 127174 1.000
Internal rotation 1.0£1.2 1714 0.331

Values are presented as mean + standard deviation.

VAS: visual analog pain scale score, ASES: American Shoulder and Elbow
Surgeon score, KSS: Korean shoulder scoring system, Constant: Constant
score.

Table 2. Clinical Assessment: Comparison of Preoperative and Final Follow-up Values

Group A (concentric glenosphere)

Group B (eccentric glenosphere)

Variable
Preoperative Final follow-up p-value Preoperative Final follow-up p-value
VAS 46+16 08+10 0.007 47+2.3 06+0.8 0.003
ASES 404130 806+89 0.008 37.9+137 82.3+6.2 0.003
KSS 424 +£152 80.9+73 0.008 321137 796+6.4 0.003
Constant 29.1+£15.7 67.3+124 0.008 247+88 60.2+9.7 0.003
Forward flexion (°) 64.4+255 138.9+19.7 0.007 445+32.7 1346+28.8 0.005
External rotation (°) 11.1+16.2 244 +16.7 0.026 13.6+20.1 26.4+112 0.048
Internal rotation L5 (buttock-L3) L4 (L5-L2) 0.047 L5 (buttock-L1) L3 (buttock-T10) 0.007

Values are presented as mean + standard deviation.

VAS: visual analog pain scale score, ASES: American Shoulder and Elbow Surgeon score, KSS: the Korean shoulder scoring system, Constant: Constant score.
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Table 4. Radiological Assessment: Comparison between the Groups

Variable (concent(rsircoglpeﬁosphere) (eccentr(i;éoglfgn%sphere) p-value
PSNA (°) 110.8+8.3 109.2+98 0470
PGRD (mm) 248+16 22219 0.002
AT distance (mm) 285160 358+88 0.087
GT distance (mm) 388+5.1 40462 0.470
Inferior overhang (mm) 20+17 58+16 0.000
Inferior notching at final follow-up™ 7 2 0.022
Nerot-Sirveaux grade of notching™ (0/1/2/3/4) 2/7/0/0/0 9/2/0/0/0 NA

Values are presented as mean + standard deviation.

PSNA: prosthesis-scapular neck angle, PGRD: peg-glenoid rim distance, AT: acromion-greater tuberosity, GT: glenoid-greater tuberosity, NA: not applicable.

*Number of patients.

Table 5. Patient Factors according to the Presence of Scapular Notching

Table 6. Clinical Results according to the Presence of Scapular Notching

Parameter No notching Notching p-value
No. of patients " 9
Age (yr) 68.5+104 69.6+97 0.732
Male:female 47 45 1.000
Right:left 5:6 6:3 0.406
Body mass index (kg/m?)  23.6+3.1 237+21 0.790
Follow-up (mo) 141+28 136+26 0.634

Values are presented as mean + standard deviation.

ing was grade 1 in all patients, there was no patient with
grades 2, 3, and 4. There was a significant difference in the
incidence of notching between the groups (p = 0.022).

There was no significant difference in patient factors
and clinical results depending on the presence of inferior
scapular notching (p > 0.05) (Tables 5 and 6). Complica-
tions such as implant loosening and scapular and acromial
fractures did not occur.

DISCUSSION

The principal finding of this study is the usefulness of the
eccentric glenosphere with 15° of inferior tilt based on
comparison with the concentric glenosphere. de Wilde et
al. demonstrated in a computer model that the largest
reduction in notching was observed in the first 2 mm of
overhanging and the prosthetic overhang seemed to be an

Variable No notching Notching p-value
VAS -37+22 —42+18 0.488
ASES 447+159 422110 0.790
KSS 477112 38.8+130 0.183
Constant 384+84 35.1+10.0 0.494
Forward flexion (°) 96.4+25.8 66.7 +39.7 0.116
External rotation (°) 136+16.9 122+13.0 0.697
Internal rotation 1814 08+12 0.147

Values are presented as mean + standard deviation.

VAS: visual analog pain scale score, ASES: American Shoulder and Elbow
Surgeon score, KSS: Korean shoulder scoring system, Constant: Constant
Score.

important factor in preventing notching. Mizuno et al."”
reported that 2 mm of inferior overhang could not pre-
vent notching but reduced the severity of scapular notch-
ing. The incidence of scapular notching was 40.4% in
their study. De Biase et al."” showed that inferior scapular
notching did not occur in the patients who had a 4.3-mm
eccentric glenosphere. In the patients, the mean PSNA,
PGRD, and inferior overhang were 92°, 21.2 mm, and 4.3
mm, respectively. Poon et al."” suggested that more than
3.5 mm of inferior overhang could prevent notching; how-
ever, there were no differences in the incidence of notch-
ing or clinical results between concentric and eccentric
glenospheres. In our study, the 5.8 mm eccentric gleno-
sphere with 15° of inferior tilt could reduce the incidence
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of notching, but grade 1 notching occurred in 2 patients.
Compared to the concentric glenosphere with 2.0 mm of
overhang and 15° of tilt, the eccentric glenosphere resulted
in a statistically significant decrease in the incidence of
notching.

Gutierrez et al.' reported in a biomechanical study
that approximately 15° of inferior tilt maximized compres-
sion and minimized tension and amount of micromotion
at the bone-prosthetic interface. They emphasized that the
inferior tilt was most effective in reducing the mechanical
failure of the glenoid implant. de Wilde et al.” demon-
strated in a computer simulation that the inferior glenoid
inclination was associated with a 1° increase in impinge-
ment-free range of motion for each degree of inclination.
Nyffeler et al.” showed in a cadaver study that oblique
resection of the glenoid improved abduction and adduc-
tion impingement-free range of motion, but it reduced the
hard subchondral bone and could weaken fixation of the
glenoid implant. Simovitch et al.” reported that inferior tilt
resulted in an increase in PSNA, which increased the in-
cidence of notching. In a prospective study by Edwards et
al.,”” inferior tilt did not decrease the severity or incidence
of scapular notching. In our study, the 15° of inferior tilt
was the same in both groups. The incidence of scapular
notching in the concentric glenosphere group was 77.8%
(7 of 9 patients) and thus we thought that the inferior tilt
alone was not effective in preventing scapular notching.

Roche et al."¥ demonstrated in a three-dimensional (3D)
computer simulation that the oval/curved-back glenoid
baseplate could decrease bone removal at the bone implant
interface as compared to a circular/flat-back design. The
concentric glenosphere (Aequalis Reverse Prosthesis) had
a 29-mm diameter circular glenoid baseplate with a flat-
back and the eccentric glenosphere (SMR Reverse Shoul-
der Prosthesis) had a small-R oval baseplate with a curved-
back. In our study, the PGRD in the eccentric group was
smaller than that in the concentric group and we thought
that the removal of a relatively large bone in the concentric
group induced the increase in PGRD.

The eccentric glenosphere allows for increased
range of motion, especially adduction, due to the inferior
center of rotation."” The inferior center of rotation could
result in overtension of the deltoid muscle. Inadequate
tension of the deltoid muscle could result in brachial plex-
us injury, prosthetic instability, deltoid insufficiency, or
fatigue fracture of the scapular spine or acromion.'”*” In
our study, the deltoid lever arm parameters such as the AT
and GT distances were larger in the eccentric glenosphere
group than in the concentric glenosphere group, but the
difference did not reach statistical significance because we

matched the tension intraoperatively. As a result, the range
of motion was not different between the groups, indicating
that soft tissue balancing might be a more influencing fac-
tor. In addition, glenoid component loosening and scapu-
lar fracture did not occur.

Falaise et al.”” evaluated the relationship between
the BMI and the development of notching and reported
that thin patients had a higher risk of scapular notching.
In our study, there was no significant difference in BMI
between the patients with or without inferior scapular
notching.

This study had several limitations. First, this was a
retrospective study and grouping was done based on the
time interval rather than by randomization. Second, the
follow-up period was short. It has been known that infe-
rior notching occurs at a mean of 4.5 months after surgery
and no later than 14 months after surgery, but it does not
progress in grade and size at a mean of 18 months after
surgery.” In our study, only grade 1 notching was observed
and the short follow-up period might have caused this.
However, the follow-up period did not affect generation
of notching because the purpose of this study was to com-
pare the two glenosphere designs. Progression of notching
could be investigated in further research. Third, the study
was based on a small population and thus had insufficient
statistical power to accept the null hypothesis. We limited
the use of RSA to CTA patients and expected to obtain
significant results in a small group. Fourth, this was a het-
erogeneous study including two different prosthesis types
manufactured by different companies. The concentric gle-
nosphere was designed in the same radius, but the eccen-
tric glenosphere was designed with three different sections
of different radii. However, the strength of this study is
that the surgery was performed by one surgeon at a single
center using the same surgical technique regardless of the
prosthesis design.

In summary, there was no significant difference in
the clinical results and range of motion between the two
groups. The eccentric glenosphere with 15° of inferior tilt
could reduce the incidence of notching at a statistically
significant level. Inferior tilt alone did not appear to affect
prevention of scapular notching. The deltoid lever arm
was slightly larger in the eccentric glenosphere compared
with the concentric glenosphere, although this difference
did not reach statistical significance. Finally, glenoid com-
ponent loosening and scapular and acromial fractures did
not occur.

In conclusion, the clinical results and range of mo-
tion improved in both groups after RSA showing no sta-
tistically significant intergroup difference. However, the
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eccentric glenosphere was superior to the concentric gle-
nosphere in reducing the incidence of notching.

10.
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