
Reverse total shoulder arthroplasty (RSA) is a safe and ef-
fective treatment option for a wide assortment of shoulder 

pathologies. The Grammont design, with a neck-shaft 
angle of 155° and a medialized center of rotation, has a 
long track record in terms of both pain relief, as well as 
improved range of motion (ROM).1,2) Long-term follow-
up has revealed issues, however, with scapular notching 
and progressively worsening clinical outcomes.3-6) In an 
attempt to reduce the notching rate, a variety of implant 
designs and surgical techniques have been employed. 
Nyffeler et al.7) placed a 29-mm baseplate precisely at the 
inferior rim with a 36-mm sphere, which allows an infe-
rior glenoid component overhang (IGO) of 3.5 mm. In 
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replacement. Therefore, no increase in complications should be expected when using this surgical technique.
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theory, by translating the inferior aspect of the glenoid 
component distally, there should be less impingement of 
the humeral component with the scapular pillar and, sub-
sequently, less notching. This has been shown in computer 
and in vitro models,8,9) and more recently some clinical 
studies have also demonstrated decreased notching with 
inferior overhang,6,10-14) as well as improved clinical out-
comes.15) However, there also is some concern that shifting 
the glenoid component too far inferiorly (IGO > 3.5 mm) 
may compromise long-term stability.16-18)

The primary goal of this study was to compare 
mid- to long-term clinical and radiological outcomes of 
RSA (notching rate and stability based on the presence of 
radiolucent lines) between patients with flush positioned 
glenospheres (i.e., the inferior border of the glenosphere 
at the level of the inferior glenoid rim) and those with an 
IGO over 3.5 mm. The secondary goal of this study was 
to evaluate perioperative and postoperative complication 
rates in both groups. Our hypothesis is that inferiorly 
overhung glenospheres greater than 3.5 mm would have a 
lower scapular notching rate, without negatively impacting 
the clinical outcomes or increasing the complication rates.

METHODS
Institutional Review Board approval of University Insti-
tute of Locomotion and Sports (No. 2015-01-RSA results) 
was granted for this cohort study, and all patients gave in-
formed consent to participate. A retrospective analysis of 
prospectively collected data was performed. 

Study Population
All patients who underwent RSA, performed by a single 
surgeon (GW) from 1995 through 2010, were eligible for 
the study. Inclusion criteria were as follows: (1) primary 
arthroplasty, (2) placement of the glenosphere in either a 
flush or an overhung position (IGO > 3.5 mm), (3) follow-
up of at least 60 months, (4) full preoperative and postop-
erative assessment of ROM, Constant score, and subjective 
shoulder value (SSV), and (5) full set of radiographic im-
ages at last follow-up. The glenosphere position was con-
firmed by assessing the glenosphere relative to the glenoid 
on anterior-posterior (AP) radiographs taken immediately 
postoperatively. IGO depends on both the glenosphere 
type and diameter and the baseplate’s positioning and di-
ameter. The IGO was measured on AP radiographs taken 
immediately after surgery. We measured the distance be-
tween the inferior part of the glenoid bone and the inferior 
part of the glenosphere. Since the diameter of the post at 
the level of the baseplate is known (8.3 mm for the base-
plate used in this study), we used it as a reference to as-
certain the true IGO (Fig. 1) using the following formula: 
IGO×(8.3 / diameter of the post of the baseplate).

The flush group was composed of patients who 
presented with a flush glenosphere position defined by 
the alignment of the inferior border of the glenosphere 
with the inferior glenoid rim (IGO = 0 mm). The over-
hang group was composed of the patients who presented 
with an IGO of at least 3.5 mm (Fig. 2). All X-rays were 
performed using fluoroscopic guidance at our institution. 
Measurements were made using GeoGebra Classic soft-
ware v.6 (Linz, Austria).

Exclusion criteria were as follows: (1) indications 
such as revision, fracture sequelae, or tumor, (2) all RSA in 
which the glenosphere was placed in positions other than 

d
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Fig. 1. Measurement of inferior glenoid component overhang (IGO) on an 
anteroposterior view X-ray. d: diameter of the post of the baseplate (8.3 
mm).

IGO

A B

Fig. 2. Position of the glenoid component on anteroposterior views. (A) 
Flush positioning. (B) Overhang positioning (inferior glenoid component 
overhang [IGO], > 3.5 mm).
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flush or overhung (i.e., glenospheres that were higher or in 
which inferior overhang was between 0 and 3.5 mm), and 
(3) incomplete clinical and radiographic follow-up. Two 
patients in the overhang group and 1 patient in the flush 
group had good immediate postoperative images that con-
firmed positioning but did not have X-rays available at the 
last follow-up. These patients were included in the clinical 
outcome analysis but were excluded from the last radio-
graphic analysis.

Surgical Technique 
The senior author (GW) performed all operations. The 
same Grammont-type RSA implant was used in all cases 
(Aequalis Reversed II; Tornier, Edina, MN, USA). A del-
topectoral approach was used; 2 cm of the pectoralis ma-
jor tendon was released and the subscapularis tendon (if 
intact) was tenotomised at the anatomical neck. The hu-
meral head was cut with 0° to 20° to match the natural ret-
roversion. The inferior aspect of the glenoid was exposed 
fully and the glenoid baseplate was placed as inferiorly as 
possible. The glenoid base plate was placed in approxi-

mately 10° of inferior tilt. Either three or four screws were 
used for fixation, depending on the available glenoid bone 
stock and the surgeon’s preference. A 36-mm diameter gle-
nosphere or a 42-mm diameter glenosphere was inserted. 
A standard or eccentric glenosphere was then fixed to the 
baseplate provided by the manufacturer (Tornier). The 
choice between the 36-mm and 42-mm glenospheres and 
the eccentric or standard sphere was not randomized but 
based on the surgeon’s preference. The humeral compo-
nent was then placed in the standard fashion. In all cases, 
an attempt was made to repair the subscapularis tendon 
via transosseous sutures. A soft-tissue biceps tenodesis was 
also performed when the tendon was still present.

Assessment Criteria
The ROM and Constant score19) were measured preopera-
tively and at the last follow-up, while the SSV20) was de-
termined at the last follow-up in the two groups. Scapular 
notching was graded according to the Sirveaux classifica-
tion21) at the last follow-up on an AP view of the glenohu-
meral joint. We also assessed the radiographs for radiolu-

Table 1. Demographics and Preoperative Data

Variable Overhang group (n = 56) Flush group (n = 41) p-value

Age (yr) 74 (62 to 85) 74 (55 to 85) 0.924

Sex (female : male) 41 : 15 (73 : 27) 33 : 8 (80 : 20) 0.405

Indication 0.131

    Cuff tear arthropathy 17 20

    Osteoarthritis 19  8

    Massive cuff tear 16 10

    Rheumatoid arthritis  3  0

    Instability arthroplasty  1  3

ROM

    aAF (°) 85 (30 to 170)      90 (20 to 180) 0.817

    aER1 (°)  15 (–40 to 90)      10 (–45 to 80) 0.525

    aIR1 4.5 (0 to 10) 3.5 (0 to 12) 0.041

Constant score

    Total 31 (9 to 63) 30 (9 to 55) 0.773

    Pain  5 (0 to 15)  4 (0 to 12) 0.041

    Activity  7 (2 to 18)  7 (2 to 13) 0.813

    Mobility 16 (2 to 36) 15 (0 to 40) 0.975

Values are presented as mean (range), number (%), or absolute number.
ROM: range of motion, aAF: active anterior flexion, aER1: active external rotation with elbow against the body, aIR1: internal rotation.
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cent lines around the post, screws, or behind the baseplate 
and for any other obvious signs of glenoid loosening or 
component disassembly. Perioperative (fractures) and 
postoperative complications (neurological complications, 
fractures, dislocations, infection, etc.) were also evaluated.

Statistical Analysis
Clinical outcomes were compared statistically using the 
paired Student t-test for quantitative data and chi-square 
test for qualitative data. Bivariate conditional logistic re-
gression was used to assess scapular notching. The level 
of significance was set at p < 0.05. All statistics were per-
formed by a professional biostatistician from a company 
(HC) that specializes in medical statistical analysis.

RESULTS
A total of 105 patients ultimately met the inclusion criteria. 
Forty-one patients were included in the flush group. Sixty-
one patients were originally selected for the overhang 
group, but five were excluded because of poor quality post-
operative X-rays, resulting in 56 patients in the overhang 
group. One patient in the flush group and two patients in 
the overhang group did not have their radiographs avail-
able at the last follow-up. These patients were included in 
the clinical outcome analysis, but were excluded from the 
last radiographic analysis. 

There were no significant differences in terms of 

preoperative demographics such as age, sex, and surgical 
indication (Table 1). The mean follow-up was 114 months 
in the flush group and 92 months in the overhang group 
(p = 0.002). No statistical difference was found between 
groups regarding preoperative ROM and Constant scores 
(Table 1) . Due to lack of data, BMI was not compared be-
tween the two groups. Six patients in the flush group and 
2 in the overhang group did not have a preoperative com-
puted tomography scan. For the other patients, analysis of 
preoperative fatty infiltration of the infraspinatus found 
74% stage three or four in the overhang group versus 52% 
in the flush group (p = 0.03). In the flush group, the teres 
minor was normal in 82% versus 85% in the overhang 
group (p = 0.464). 

The clinical outcomes at the last follow-up are sum-
marized in Table 2. While the results seemed better in the 
overhang group, the improvement in anterior flexion (+65° 
vs. +45°, p = 0.059) and rotation were not significantly 
better than that in the flush group. The improvement in 
functional outcome was higher in the overhang group 
(Constant score: +40 vs. +32, p = 0.036), especially in the 
activity subset of the Constant score (p = 0.009). The SSV 
was also higher in the overhang group than in the flush 
group (79 vs. 69, p = 0.026). 

The analysis of immediate postoperative X-rays in 
the overhang group found a mean IGO of 8 mm (range, 
4–16 mm). The incidence of notching at the last assessment 
is reported in Fig. 3. Scapular notching was found in 37% 

Table 2. Postoperative Range of Motion and Functional Outcomes

Variable Overhang group Flush group p-value

ROM

    aAF (°)  +65 (–20 to +140)    +45 (–70 to +130) 0.059

    aER1 (°) +10 (–80 to +70)    +5 (–60 to +50) 0.149

    aIR1 +2 (–4 to +8) +2 (–4 to +8) 0.384

Constant score

    Total   +40 (–9 to +66) +32 (–3 to +59) 0.036*

    Pain    +8 (–2 to +14)   +8 (–2 to +14) 0.895

    Activity +10  (–2 to +18)   +8 (–2 to +16) 0.009*

    Mobility +16 (0 to +32)   +13 (–12 to +30) 0.101

    Strength    +5 (–2 to +14)   +3 (–8 to +10) 0.152

SSV 79 69 0.026*

Values are presented as mean (range). 
ROM: range of motion, aAF: active anterior flexion, aER1: active external rotation with elbow against the body, aIR1: internal rotation, SSV: subjective 
shoulder value.
*Statistically significant, p < 0.05.
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of cases in the overhang group versus 82.5% of cases in the 
flush group (p < 0.05). The severity of notching between 
the two groups was also significantly different (p < 0.05). 

In the overhang group, there was no correlation be-
tween the IGO magnitude and both the rate (R2 = 0.008) 
and the severity of notching (R2 = 0.056) (Table 3). When 

analyzing for radiolucent lines (Table 4), we found no sig-
nificant difference between the two groups as well. 

Complications occurred in 22% of cases in the flush 
group and in 18% of cases in the overhang group (Table 
5). In the overhang group, 5 patients sustained periopera-
tive fractures, including 3 greater tuberosity fractures, 1 
glenoid fracture, and 1 coracoid fracture. Three patients 
had postoperative neurological complications including 1 
cubital tunnel syndrome, 1 partial axillary nerve palsy, and 
1 brachial plexus palsy. We identified only 1 scapular spine 
fracture, which presented 6 months after surgery. One 
patient suffered infection and underwent revision and re-
implantation. In the flush group, 1 patient had periopera-
tive glenoid fracture. There were 4 neurological complica-
tions, including 3 cases of cubital tunnel syndromes and 
1 partial axillary nerve palsy. Three patients developed 
scapular spine fractures, of which 2 appeared before 6 
months postoperatively and 1 after 6 months. There was 1 
case of glenosphere dissociation from the baseplate and 1 
case of dislocation. There were no infections. In the flush 
group, only 1 patient underwent revision surgery (for gle-
nosphere dissociation). The dislocation was managed by 
closed reduction.

Table 3. Notching Severity 

Notching grade Mean IGO (mm) R2

0  8 0.056

1  8

2  8

3  6

4 10

IGO: inferior glenosphere component overhang.

Table 4. Presence of Osteolysis and Radiolucent Lines 

Variable Overhang group Flush group p-value

Radiolucent line

    Around screw 1 (1.5) 2 (3) 0.32

    Below baseplate 5 (7.5) 10 (15) 0.61

    Around post 1 (1.5) 2 (3) 0.32

Values are presented as number (%).
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Fig. 3. Notching grade relative to the baseplate position (Sirveaux 
classification).23)

Table 5. Complications

Variable Overhang glenosphere Flush glenosphere

Perioperative fracture 5 (9): 3 greater tuberosity fractures, 1 glenoid fracture, 1 coracoid fracture 1 (2): glenoid fracture 

Neurological complication 3 (5): 1 axillary, 1 cubital nerve, 1 plexus 4 (10): 3 cubital, 1 axillary

Spine or acromial fracture 1 (2) 3 (7)

Glenoid disassembly 0 1 (2)

Dislocation 0 0

Infection 1 (2) 0

Total 10 (18)   9 (22)

Values are presented as number (%).
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DISCUSSION
The main finding of this study is that an IGO of at least 
3.5 mm relative to the inferior rim of the glenoid was as-
sociated with a lower notching rate and severity, higher 
Constant score, and SSV without negatively affecting the 
complication rate in RSA.

RSA is an effective surgery with an expanding list of 
indications, but concerns remain about long-term clinical 
deterioration and scapular notching.1-5) Many factors have 
been associated with the development of scapular notch-
ing: prosthetic design,22) surgical approach,23,24) positioning 
of the glenosphere too superiorly and/or with superior 
tilt,5,21,22,25) preoperative diagnosis,23) and anatomical gle-
nosphere variations with short neck lengths resulting in 
superior glenoid erosion.26) Posterior impingement—in 
which the physical contact occurs posteriorly as opposed 
to inferior to the glenoid—has gained recognition as a 
cause of notching.27) The clinical effects of scapular notch-
ing are still under debate, though some studies show worse 
clinical outcomes with increased notching.5,28) In addi-
tion, Roche et al.29) showed that scapular notching may 
affect glenoid fixation. Various strategies have thus been 
employed to decrease notching rates. Recent design inno-
vations have attempted to reduce notching by lateralizing 
the humerus with 135° or 145° angled designs3,9) or by 
lateralizing the glenosphere component.30,31) These design 
options are promising, but their long-term outcomes are 
still to be observed. The original 155° Grammont implant 
remains a viable option with the longest clinical follow-up, 
thus we feel it is clinically relevant to determine the opti-
mal glenosphere position with this design.

Several studies have demonstrated lower notch-
ing rates with inferiorly positioned glenospheres in the 
short-4,15,29) or mid-term follow-up evaluation.14) While 
notching tends to occur early in the postoperative period,4) 
there is a concern that it progresses over time. Our data 
provide the longest-term follow-up to date comparing 
flush and inferiorly offset glenospheres in the Grammont 
style RSA implant. Similarly, compared to previous au-
thors, we showed a lower notching rate, which means this 
holds true for long-term results as well. The patients with 
an inferiorly translated glenosphere had a significantly 
lower rate of scapular notching (37%) than those with the 
glenosphere aligned with the inferior glenoid rim (82.5%). 
The notching observed in the overhang group was also 
more commonly stage I, whereas it was more severe in 
the flush group. So, having an IGO of at least 3.5 mm de-
creased significantly both the frequency and severity of 
notching. 

As Laderman et al.,27) we believe that notching rep-
resents a spectrum of impingement, which begins on the 
inferior part of the scapular pillar and spreads to the pos-
terior part of the pillar. Although our analysis of the IGO 
showed that an IGO greater than 3.5 mm was associated 
with a lower notching rate (p < 0.05), it should be noted 
that notching still occurred occasionally despite the inferi-
orly translated glenospheres. So, even though the fact that 
a glenoid component translated inferiorly decreases notch-
ing, this one parameter alone is not enough to prevent 
notching. In these cases, continued posterior impingement 
could explain the persistence of notching. To increase the 
distance between the humeral component and posterior 
part of scapula pillar effectively, lateralization of the gle-
noid component could be another option to help surgeons 
deal with posterior impingement. This requires additional 
studies.

Our findings related to clinical outcomes should be 
interpreted carefully while keeping in mind the difference 
in the notching rate between the two groups. Patients in 
whom the glenospheres were translated inferiorly to the 
glenoid rim position did not have inferior Constant scores 
and SSV scores as compared to the flush group. Li et al.10) 
reported similar findings regarding notching and IGO, 
but they did not demonstrate any difference in terms of 
ROM or clinical outcomes in patients with 147° design 
implants. Poon et al.11) similarly showed decreased notch-
ing with increased inferior offset, and no notching at all in 
patients with at least 3.5 mm of inferior overhang, but no 
differences in clinical outcomes. In contrast, De Biase et 
al.15) found improved clinical outcomes in the short term (2 
years). Our data revealed that in addition to improved ra-
diographic results, there are also better clinical results with 
the inferiorly translated glenospheres but these differences 
were not significant and could be explained by either the 
inferior overhang or the lower notching rate.3,4)

The complication rates did not differ significantly 
between the two cohorts. Lengthening of the arm is as-
sociated with scapular spine fractures as well as neurologic 
injury.32) Furthermore, several in vitro studies have sug-
gested that lowering the glenosphere may compromise sta-
bility. Gutierrez et al.17) showed that a rocking horse effect 
could occur without support of the inferior glenosphere—
as occurs with inferior eccentric positioning—which could 
lead to glenoid component loosening. Nigro et al.33) simi-
larly mentioned the importance of the contact between the 
bone and glenoid component to prevent micromotion and 
subsequent loosening. In our study, the flush group had a 
higher complication rate although the difference was not 
statistically significant. Of note, glenoid loosening did not 
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occur clinically with the inferiorly translated glenospheres, 
despite the findings from previous in vitro studies. 

Our study has several limitations, starting with 
those inherent to a retrospective design. Although the aim 
was to place the baseplate in 10° of inferior tilt and the 
glenospheres in their designated (flush or inferiorly trans-
lated glenospheres) positions, prosthesis implantation was 
based on subjective estimates during surgery as patient-
specific instrumentation was not available at this point. 
However, we did assess the glenosphere positions on post-
operative views to confirm appropriate placement as best 
as possible. Lastly, some differences in clinical outcomes 
are statistically significant, but may not meet the threshold 
of being clinically significant. Both the BMI and the fatty 
infiltration data were incomplete, thus did not allow a reli-
able comparison between our two groups. The other data 
were similar between groups (age, sex, and indication). 
Average follow-up was different between the two groups 
by 1 year. In the mid-term follow-up, we did not think that 
this difference could influence our clinical or radiological 
results. The strengths of our study are the long follow-up 
with pre- and postoperative clinical and radiographic data, 
as well as the relatively large number of patients compared 
with previous studies.

At least 3.5 mm of IGO relative to the inferior rim 
of the glenoid was associated with a lower notching rate 
without negatively affecting the clinical outcomes, when 
employing a 155° Grammont-style reverse shoulder re-
placement. Therefore, no increase in complications should 
be expected when using this surgical technique. 
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