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Abstract

Background: The aim of this multicentre retrospective study was to compare reverse total shoulder arthroplasty
clinical outcomes with glenospheres of different diameters, designs and materials.

Methods: Between 2003 and 2008, 133 patients were divided into three groups: 60 (45%) with 36-mm standard
CoCrMo (group A), 21 (16%) with 36-mm eccentric cobalt-chromium-molybdenum (CoCrMo) (group B) and 52
(39%) with 44-mm cross-linked ultra-high molecular weight polyethylene (X-UHMWPE) (group C) glenospheres.
Mean (SD) follow-up was 38.7 (17.4) months. Clinical evaluation included Constant score and range of motion.
Radiographic analysis included radiolucent lines, instability, loosening and assessment of scapular notching.

Results: Mean Constant score significantly increased for all groups (Wilcoxon test, p <0.001). Group C allowed a
higher and stable increase in range of motion. After 12 months and 24 months, groups C and B showed less pain than
group A (Mann—Whitney U-test, p < 0.05). Group C had significantly lower scapular notching than group B (Mann—
Whitney U-test, p =0.001) and A (Mann—Whitney U-test, p = 0.009) at 12 months, 24 months and 36 months. Groups A
and C presented 5 (8.3%) and 4 (7.6%) early complications, respectively.

Conclusions: The present study reported good results for all groups, although groups C and A presented better clinical
outcomes, significantly lower notching and instability. A 44-mm X-UHMWPE glenosphere allowed a faster and more
stable functional recovery, despite poorest pre-operative conditions. Additional long-term studies are needed to evaluate
survivorship.
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Introduction . . :
compared with anatomic shoulder replacement remains

Reverse total shoulder arthroplasty (RTSA) has proven
to be a relatively recent concept that provides an effect-
ive surgical method in the management of disabling
shoulder pain, where no other satisfactory option is
available to restore function and limit pain." * RTSA
improves range of motion (ROM) in the absence of a
functioning rotator cuff, as a result of its non-anatomic
design medializing the centre of rotation, and thus
enhancing the lever arm of the deltoid muscle.’

Early functional outcomes of RTSA have been
encouraging in short- and mid-term follow-ups.>®”
Nevertheless, the relatively high complication rate

a concern; many studies have advocated caution and
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recommended RTSA only to carefully selected
patients."#1°°12 Intra-operative humeral and glenoid
fractures, neurological injuries, tension-fractures of
the acromion, component loosening, infections and dis-
locations in the postoperative period have been
reported as the most frequent complications.®!®
Scapular notching, impingement of the scapular neck
and component instability are common problems to be
resolved.'*!*

Scapular notching has been attributed to a mechan-
ical impingement of the humeral liner against the
scapular neck when the arm is fully adducted. It can
be also associated with the development of an osteolytic
process as a result of wear debris of the polyethylene
liner."® Scapular notching has been frequently reported
after RTSA, although with different incidence values,
either as completely absent'®!” or ranging from 44%
to 96%.%'>"

The aim of this retrospective study was to compare
the incidence of scapular notching, ROM, pain and
implant stability after RTSA with glenospheres of dif-
ferent design (standard and eccentric) and materials
[cobalt-chromium-molybdenum (CoCrMo) and cross-
linked wultra-high molecular weight polyethylene
(X-UHMWPE)].

Materials and methods
Patients

Between 2003 and 2008, 133 patients (133 shoulders)
underwent RTSA with the SMR system (Lima
Corporate, Villanova di San Daniele, Italy), as per-
formed by five experienced shoulder specialist surgeons
at five different institutions. They were divided into three
groups of evaluation according to the glenosphere
design: 60 (45%) patients had a 36-mm standard
CoCrMo glenosphere (group A), 21 (16%) had a 36-mm
eccentric CoCrMo glenosphere (group B) and 52 (39%)
had a 44-mm X-UHMWPE glenosphere (group C).

The general population included 92 (69%) females
and 41 (31%) males, with a mean (SD) age of 69.2 (8.2)
years (range 37 years to 87 years) at the time of surgery
(Table 1). The affected side was the right shoulder in 90
(67.7%) cases and the left one in 43 (32.3%), over a
population of 114 (85.7%) right-handed patients.
RTSA was used as first implant in 124 (93.2%) and
as revision procedure after previous failed arthroplasty
in nine (6.8%). The most common indication was cuff
tear arthropathy for all the three groups, followed by
cuff tear in endoprostheses and secondary osteoarthritis
(Table 1).

Table |. Distribution of patient demographics and aetiology across the three groups.

Demographics Group A
Gender Female 45 (75%)
Male 15 (25%)
Age (years) Mean 67.7 (9:2)
Range 37-85
Affected side Right 40 (66.7%)
Left 20 (33.3%)

Primary diagnosis

Cuff tear arthropathy 51 (85.0%)
Cuff tear in endoprostheses 5 (8.3%)
Primary osteoarthritis 1 (1.7%)
Secondary osteoarthritis 2 (3.3%)
Rheumatoid arthritis —
Inveterate dislocation I (1.7%)

Data presented as the mean (SD) or as indicated.

Group B Group C Total
20 (95%) 27 (52%) 92 (69%)
1 (5%) 25 (48%) 41 (31%)
68.4 (6.4) 71.3 (7.2) 69.2 (8.2)
58-79 48-87 37-87
17 (81.0%) 33 (63.5%) 90 (67.7%)
4 (19.0%) 19 (36.5%) 43 (32.3%)
16 (76.2%) 39 (75.0%) 106 (79.7%)
- 4 (7.7%) 9 (6.8%)
- I (1.9%) 2 (1.5%)
3 (14.3%) 8 (15.4%) 13 (9.8%)
2 (9.5%) - 2 (1.5%)
- - 1 (0.7%)
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Table 2. Pre-operative patient glenoid erosion and state of rotator cuff across the three groups.

Glenoid erosion* Group A
EO 30 (50.0%)
El 20 (33.3%)
E2 9 (15.0%)
E3 I (1.7%)
State of rotator cuff®

Attenuated 3 (5.0%)

Minor tear (<5cm) 10 (16.7%)

Massive tear (>5cm) 47 (78.3%)

*Data not acquired in four cases. SData not acquired in one case.

A concentric morphology of the glenoid was observed
in 60 (45.5%) cases and an eccentric one in 58 (43.9%)),
with a similar distribution among the three groups, both
for the concentric [group A: 27 (45.0%); group B: 11
(55.0%); group C: 22 (42.3%)] and for the eccentric
[group A: 28 (46.7%); group B: 7 (35.0%); group C:
23 (44.2%)]. Osteolysis was limited to few cases.

Glenoid erosion was mainly classified according to
Sirveaux et al.:® a superior humeral head migration
without erosion of the glenoid (EO) and a concentric
erosion (El) were present in most cases [54 (40.9%)
and 49 (37.1%), respectively], followed by E2 and E3
(Table 2). The rotator cuff tear was massive in 87
(65.9%) cases, with a prevalence of Seebauer'® type
1B, 1A and 2 A.

Operative technique

The surgical approach was deltopectoral in 71 (53.4%)
patients and deltoid split in 62 (46.6%). A general
anaesthesia was performed in 105 (71.4%) patients, a
general anaesthesia with locoregional in 38 (25.9%)
patients and only a locoregional anaesthetic procedure
in four (2.7%) patients.

Intra-operatively, the biceps tendon was found either
frayed or normal in groups A and B, whereas it was
always frayed in group C. The deltoid muscle was found
normal in all cases. Group A showed a Goutallier'® stage
2 and 3 subscapular and infrapinatus and a Goutallier
stage 3 or 4 supraspinatus. Group B had a Goutallier
stage 3 subscapular, infraspinatus and supraspinatus,
whereas group C showed a Goutallier stage 3 and 4 for
subscapular, infraspinatus and supraspinatus.

Subscapularis and infraspinatus tendons are manda-
tory for a good postoperative function, stability and
mid-term outcome. Muscle transfer in the event of

Group B Group C Total
4 (20.0%) 20 (38.5%) 54 (40.9%)
12 (60.0%) 17 (32.7%) 49 (37.1%)
3 (15.0%) 8 (15.4%) 20 (15.2%)
I (5.0%) 4 (7.7%) 6 (4.6%)
— — 3 (2.3%)
I3 (65.0%) 19 (36.5%) 42 (31.8%)
7 (35.0%) 33 (63.5%) 87 (65.9%)

insufficient subscapularis tendon can provide better
results.>?

Prosthetic design

The modular SMR Reverse system (Lima Corporate)
includes three glenosphere designs. The 36-mm
CoCrMo glenosphere has a standard concentric
design and a second eccentric, both made of CoCrMo
alloy and coupled with X-UHMWPE liners. The eccen-
tric one is characterized by a 4-mm centre-of-rotation
offset with respect to the metal-back axis, which allows
a correct positioning and avoids inferior bone contact,
independently from the metal-back position. The
44-mm glenosphere (SMR Reverse HP) has a larger
diameter to improve ROM; it is characterized by an
inversion of the materials to reduce polyethylene
debris. It is made of X-UHMWPE and is coupled
with CoCrMo liners (Figure 1). A normal reverse
body of the modular system was used in 97%, the
trauma version in 2% and the short type in 1%. In
total, 93% of stems were cementless (normal or revision
stems) and 7% were cemented. A standard or small
metal-back was implanted in 65.3% and 26.5%,
respectively, and a small-R version in 8.2%.

Clinical and radiographic assessment

Patients were evaluated before surgery and, postopera-
tively, at 3 months, 6 months, 12 months and 24 months,
and then annually thereafter. Clinical evaluation was
performed with the absolute and weighted Constant
score (CS).2%?! Range of active movements were mea-
sured for forward flexion, external rotation with the arm
at the side, external rotation in 90° of abduction and
internal rotation. Radiographic evaluation included
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Figure I. SMR reverse glenosphere design and materials. (A) 36-mm standard cobalt-chromium-molybdenum (CoCrMo) gleno-
sphere. (B) 36-mm eccentric CoCrMo glenosphere. (C) 44-mm cross-linked ultra-high molecular weight polyethylene glenosphere.

anteroposterior and axillary views to assess glenoid
morphology,* glenoid erosion’ and cuff status'® in the
pre-operative analysis. At any follow-up evaluations,
inferior scapular notching was classified with the Nerot
grading system.>* Radiolucent lines were evaluated for
the glenoid and humeral component according to loca-
tion and thickness (<1 mm, 1 mm to 2mm, >2mm).
Progression of scapular notching and radiolucent lines
were evaluated using pre-operative radiographs as base-
line. Radiographs were also assessed for changes in
implant positioning, migration, dissociation of compo-
nent and loosening. Tendons of the rotator cuff were
assessed according to Goutallier classification' from
additional imaging techniques or from intra-operative
observations.

Statistical analysis

Data were analyzed using SPSS, version 15.0 (SPSS Inc.,
Chicago, IL, USA). Descriptive statistics were com-
puted for continuous and categorical variables. This
included the mean (SD) of continuous variables and
frequencies and relative frequencies of categorical fac-
tors. Determination of significant differences between
the groups was realized by the Kruskal-Wallis test and
the Mann—Whitney U-test. Test selection was based on
evaluating the variables for normal distribution employ-
ing the Kolmogorov—Smirnov test. For categorical vari-
ables, comparisons were made using the chi-squared test
(Fisher’s exact test). Comparisons within the groups
were undertaken by the Friedman test and the
Wilcoxon test, respectively, between the time points of
clinical and radiological evaluation. All p-values resulted
from two-sided statistical tests and generally values of
p < 0.05 were considered statistically significant.

Results

The mean (SD) follow-up was 38.7 (17.4) months
(range 24 months to 85 months). Mean absolute CS

significantly increased from pre-operative to all post-
operative time-points in all three groups (Wilcoxon
test, p <0.001). Although the pre-operative mean CS
of group C was lower than groups A and B (Mann—
Whitney U-test, p =0.003), group C showed a mean CS
percentage increase much more relevant than the other
two groups (group A, CS: +31%; group B, CS: +43%;
group C, CS: +50%; Mann—Whitney U-test, p <0.001)
at the last follow-up (Figure 2 and Table 3). CS was not
significantly affected by age, gender, diagnosis or sur-
gical approach (Kruskal-Wallis test, p > 0.005).

Pain relief was more relevant in group C than in
groups A and B (Mann—Whitney U-test, p <0.05) at
the last follow-up. Furthermore, group C showed a sig-
nificant improvement of active range of movements
(Mann—Whitney U-test, p <0.05) (Table 4).

In group C, no scapular notching was observed in
85.7% and a low incidence of Nerot grades 1 and 2
(11.4% and 2.9%, respectively) was recorded after 24
months. In group B, 33.3% had no scapular notching
and 66.7% had Nerot grade 1, whereas group A
showed 61.8% without scapular notching, 8.8% grade
1, 14.7% grade 2, 11.8% grade 3 and 2.9% grade 4. The
incidence of scapular notching was significantly lower
in group C than in group B (Mann—Whitney U-test,
p=0.001) and group A (Wilcoxon test, p =0.009) at
any follow-up time-points (Figure 3). Neither progres-
sive radiolucent lines, nor osteolysis was observed both
around the metal-back and the stem at the last follow-
up. No signs of instability, glenoid or stem loosening,
fractures, implant failures or dissociation of compo-
nents were recorded.

Group A had five (8.3%) and group C had four
(7.6%) early complications. Four cases of heterotopic
ossifications were found: one in group A and three in
group C. All these cases were primary prosthetic
implants, although they had previous cuff repairs.

In group A, five complications occurred: a superfi-
cial wound infection as a result of Staphylococcus epi-
dermis solved with antibiotics; a deep infection as a
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Figure 2. Comparison of the mean Constant score among the three groups.

Table 3. Comparison of the mean Constant score among the
three groups (p <0.001).

Constant score Group A Group B Group C
Pre-operative 28.8 (9.7) 26.7 (9.2) 24.9 (11.9)
Last follow-up 60.0 (9.5) 71.4 (13.1) 76.9 (10.9)
A% increase +31% +43% +50%

Data presented as the mean (SD) or as indicated.

result of Staphylococcus aureus treated with antibiotics
and surgical debridement 45 days after surgery; two
early dislocations, solved with a closed reduction after
1 week and with a liner change, respectively; and one
temporary axillary nerve irritation. Group B had no
complications. Group C had four complications: a
deep infection as a result of S. aureus that required
antibiotics and surgical debris after 25 days; a superfi-
cial wound infection as a result of S. epidermidis
resolved with antibiotics; a recurrent dislocation
caused by a soft tissue instability, solved with a conver-
sion to cuff tear arthropathy reconstruction 5 months
after surgery; and incorrect assembly of the humeral
body that required a revision 11 months later.

Discussion

The development of alternative designs of glenospheres
with eccentric and larger diameters has contributed to
minimizing the main limitations in RTSA, especially in
terms of the incidence of scapular notching.

As a result of medialization of the centre of rotation
in RTSA, the polyethylene humeral component is
closer to the glenoid. This can cause impingement of
the polyethylene liner against the inferior rim of the
glenoid cavity and the scapular neck, with a consequent
release of debris. Polyethylene liner wear can lead to
joint inflammation, local osteolysis and, progressively,
bone resorption, glenoid prosthetic loosening and fail-
ure. The risk of glenoid prosthetic loosening can be
minimized by an inferior overhang of the glenosphere
beyond its rim. This ensures that upwardly directed
forces can be resisted by compression of the superior
aspect of the metaglene against a solid glenoid bone; in
addition, it guarantees that the central peg and fixation
screws are securely anchored in the scapular bone.
Inferior overhang is considered to allow a greater
adduction before impingement of the humeral compo-
nent on the inferior scapular neck.'’

Simovitch et al. demonstrated that inferior notching
is related to the position of the glenosphere on the scap-
ula, defined with the scapular neck angle (PSNA) and
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Table 4. Comparison of the improvement in active range of movements (ROM).

Group A Group B
EEE Pre-operative 79.0 (25.5) 76.8 (22.2)
Last follow-up ~ |15.1 (30.4) 140.5 (18.2)
ERI,*  Pre-operative 24.8 (13.0) 20.8 (9.9)
Last follow-up 33.7 (7.3) 22.5 (5.5)
ER2*  Pre-operative 36.1 (15.2) 32.9 (12.6)
Last follow-up 58.3 (13.0) 53.3 (8.9)
Group A Group B
Pre- Last Pre-
operative  follow-up  operative
IR, %  Thigh 169 44.] 0.0
Buttock 55.9 41.2 68.4
Sacroiliac joint 18.6 1.8 21.1
Waist 85 29 10.5
TI2 0.0 0.0 0.0
Shoulder blades 0.0 0.0 0.0

Group C p-value
74.7 (29.3)
152.8 (6.7) A versus B p <0.001
A versus C p <0.001
B versus C p=0.015
16.5 (11.6)
29.2 (9.4) A versus B p <0.001
A versus C p=0.015
B versus C p =0.042
30.5 (14.2)
62.8 (13.1) A versus B p <0.001
A versus C p=0.015
B versus C p =0.042
Group C
Last Pre- Last
follow-up  operative  follow-up
0.0 26.0 0.0
5.0 54.0 0.0
15.0 2.0 1.1
55.0 14.0 44.4
15.0 4.0 38.9
10.0 0.0 5.6

FF, forward flexion; ER |, external rotation with the arm at the side; ER2, external rotation with 90° abduction, with the arm at the side; IR, internal

rotation.
*Data are the mean (SD) or as indicated.

the peg-glenoid rim distance (PGRD).'* A higher
PSNA and a larger PGRD were correlated with an
increased frequency of inferior notching. Both variables
can be controlled during surgery, suggesting how pre-
operative planning, proper selection of glenoid
implants and precise surgical positioning of the glenoid
component may assist in preventing scapular notching.

An eccentric design allows the glenosphere to extend
in a lower position with respect to the inferior glenoid
rim, thus limiting impingement of the humeral
liner.">** The inversion of materials (metal liner and
X-UHMWPE glenosphere) has been shown to reduce
the release of polyethylene debris, although the
impingement between bone and liner could still per-
sist.>*?> A previous biomechanical study comparing
the 44-mm X-UHMWPE and the 36-mm CoCrMo

glenospheres (concentric and eccentric) demonstrated
that the eccentric design improves ROM by allowing
a higher degree of adduction, whereas glenospheres
with a larger diameter (44-mm) were found to improve
ROM by increasing both adduction and abduc-
tion.>* ¢ These findings have a major clinical signifi-
cance because improved adduction may reduce
mechanical impingement and hence the risk of scapular
notching; they also have important implications in
terms of long-term functional outcomes and durable
fixation of the glenoid component.'”2%%

A causal correlation between inferior scapular notch-
ing and poor clinical outcomes has been under discus-
sion in the literature. Simovitch et al. reported that
inferior scapular notching is associated with a lower
mean relative CS and a lower subjective shoulder
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Figure 3. Comparison of the incidence of scapular notching among the three groups.

value, as well as a lower post-operative active flexion and
abduction, in a study on 77 shoulders at a mean follow-
up of 44 months (range 24 months to 96 months).'*
Sirveaux et al. found a negative effect of scapular notch-
ing on clinical outcome with a significant negative influ-
ence of grades 3 and 4 on the CS.” By contrast to these
results, Lévigne et al. reported that there is no clear cor-
relation between evident inferior scapular notching and
worse clinical outcome after RTSA in a consecutive clin-
ical series of 326 patients (337 shoulders).”® At a mean
follow-up of 47 months (range 24 months to 120
months), 62% had scapular notching. Notching fre-
quency and extension were associated with the length
of follow-up (normally within 14 months) and with
patients’ aetiology (more frequent in the event of cuff
tear arthropathy, grades 3 or 4 fatty infiltration of the
infraspinatus, and narrowed acromiohumeral distance).
The risk of scapular notching was observed to be corre-
lated with a pre-operative superior orientation of glen-
oids, proximal humeral radiolucencies and glenoid
radiolucent lines.

The objective of the present study was to compare
the incidence of scapular notching and instability after
RTSA with three different glenosphere designs.
Outcomes were evaluated up to a maximum follow-up
of 7 years.

Notching was significantly lower in group C than in
groups B and A at all follow-up time-points (Figure 3).
Groups C and B showed a higher increase of CS than
group A, which was the group with the most elevated inci-
dence of notching. Patients with poorest pre-operative con-
ditions were more often treated with the 44-mm than with
the 36-mm glenosphere. Despite a lower pre-operative CS,
patients in group C obtained very good results, showing a
more significant increment in clinical score (ACS + 50%)
(Figure 2). The 44 mm glenosphere had a better outcome
even if patients, compared with patients of the 36/36 ecc
group, started with a real disabling shoulder, so lower
function, higher pain level, worse ROM. This was also
confirmed by an X-ray taken before surgery.

There was no difference in stability among the three
groups, a fact confirming the findings of Nyffeler
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et al.'> Group A with a 36-mm concentric glenosphere,
similar to group C with a 44-mm glenosphere, showed a
low incidence of instability cases as a result of soft
tissue disbalance. Radiographic analysis presented
overall good results, without any signs of loosening
either on the baseplate or around the screws. Similar
results are also reported in a retrospective study on the
survivorship of metal-back glenoid components in total
shoulder replacement.”’ The only case of increasing
radiolucency and component instability was observed
on the humeral side.

The present study displayed good outcomes after mid-
term follow-up in elderly patients with significant dis-
abling shoulder pain. Although a decreased notching per-
centage was recorded when the eccentric glenosphere was
used, an even more significant improvement was assessed
with the 44-mm glenosphere. Pain also decreased consid-
erably and relief was constant over time.

ROM improved significantly (Table 4). Group A
showed a decrease in ROM and muscular strength
over 36 months. This could be attributed to an incipient
loss of power in the stressed deltoid muscle in RTSA. In
groups B and C, this phenomenon is present but negli-
gible. Thus, the distalization of the centre of rotation
appears also to prevent a loss of function of the deltoid
muscle, providing the fibres with a better lever arm and
therefore minor stress to the insertion fibres at the
acromion.

The 44-mm X-UHMWPE glenosphere provided
good clinical outcomes, with higher ROM, better CS
and a lower incidence of instability than reported pre-
viously.*® This design also showed a decrease in notch-
ing and no incidence of loosening, confirming the
evidence reported in the literature that a stable bone/
metal-back baseplate interface can be achieved also in
RTSA.'*?3! Outcomes do not correlate with mechan-
ical or polyethylene wear notching, as also reported
in a previous study.*? To prevent notching, an inferior
overlap of the glenosphere has been suggested as
the correct implant positioning.'® There are different
possibilities with respect to achieving this specific
position of the centre of rotation: either lowering the
baseplate itself, which may cause instability in bone
fixation at the glenoid, or with an eccentric design
of the glenosphere. This condition is satisfied by both
the 36-mm eccentric and the 44-mm X-UHMWPE
glenospheres. Down-tilt of the baseplate can be
performed to improve implant longevity and clinical
outcomes by decreasing stress forces on the bone/
metal-back interface.

One limitation of the present study is that it is retro-
spective, with a mid-term follow-up. As reported, the
pre-operative data for a small number of patients was
not acquired in terms of glenoid morphology/erosion
and state of the rotator cuff.

Conclusions

With new designs and materials for glenospheres, the
SMR system contributes to overcoming the limitations
of RTSA with a decreased rate of notching and instabil-
ity, better survival and improved function. With inver-
sion of the material and distalization of the centre of
rotation, we observed a remarkable improvement in
terms of pain relief and ROM, as well as a higher and
more stable CS, without any increase in complication
rate. Long-term studies are needed to confirm stable
outcomes and deltoid function over time.
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