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Abstract

Background: The purpose was to evaluate the relationship of component size and position to postoperative range of
motion following reverse shoulder arthroplasty. The hypothesis was that increased lateralization, larger glenospheres,
and a decreased acromiohumeral distance would be associated with excellent postoperative range of motion.
Methods: A retrospective multicenter study was performed at a minimum of one year postoperatively on 160 patients
who underwent primary reverse shoulder arthroplasty with a 135° humeral component. Outcomes were stratified based
on postoperative forward flexion and external rotation into excellent (n =42), defined as forward flexion >140° and
external rotation > 30°, or poor (n=36), defined as forward flexion <100° and external rotation < 15°. Radiographic
measurements and component features were compared between the two groups.

Results: A larger glenosphere size was associated with an excellent outcome (p =0.009). A 2-mm posterior offset
humeral cup (p=0.012) and an increased inferior glenosphere overhang (3.1 mm vs 1.4mm; p=0.002) were also
associated with excellent outcomes. Humeral lateralization and distalization were not associated with an excellent
outcome.

Conclusion: Larger glenosphere size and inferior positioning as well as posterior humeral offset are associated with
improved postoperative range of motion following reverse shoulder arthroplasty.

Level of Evidence: Level 3, retrospective comparative study.
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distalization have been associated with improvement in
ROM in at least one study,® while others have evalu-
ated radiographic factors associated with outcomes fol-
lowing a cohort of RSAs and failed to find substantial
relationships.” However, such analyses have been lim-
ited by interpretation of the mean. Another approach is
to stratify outcomes and compare the outliers (excellent
vs poor) in order to identify factors associated with an
unsatisfactory outcome.

The purpose of the current study was to evaluate the
relationship of component size or position to post-
operative ROM following RSA. The hypothesis was
that increased lateralization, larger glenospheres, and
a decreased acromiohumeral distance would be asso-
ciated with excellent postoperative ROM.

Materials and methods

A retrospective comparative study was performed of
data collected in a multicenter prospective arthroplasty
database. Institutional review board approval was
obtained prior to commencing the study. Inclusion cri-
teria included a primary RSA performed between
August 2015 and February 2018 and minimum clinical
and radiographic follow-up of one year postoperative.
Exclusion criteria included revision arthroplasty and a
treatment for acute fracture. A total of 200 RSAs meet-
ing the study criteria were performed during the study
period, of which 160 (80%) had complete clinical and
radiographic follow-up.

Postoperative outcomes were stratified as excellent
or poor based on postoperative ROM. Forward flexion
(FF) and external rotation (ER) at the side were mea-
sured with a goniometer preoperatively and at final
follow-up by an independent examiner at each site.
An excellent outcome was defined as FF > 140° and
ER at the side > 30°. A poor outcome was defined as
FF < 100° or ER <15° based on a previous study.*
Based on this division, a total of 42 cases (26.3%)
were defined as an excellent outcome and 36 cases
(22.5%) were defined as a poor outcome.

Surgical technique

The RSAs were performed at eight institutions by nine
different surgeons. A deltopectoral approach and the
same implant (Univers Revers; Arthrex, Inc., Naples,
FL) was used in all cases. On the humeral side, a 135°
press-fit component was used with an inlay humeral
cup. Polyethylene thickness, the use of metallic spacers,
humeral cup offset, and glenoid components were based
on surgeon preference. In 51 cases (65.4%), a 3-mm
polyethylene component was placed, and in 27 cases
(34.6%), a 6-mm polyethylene was placed. In 14 cases
(17.9%), a metallic spacer was used in conjunction with

the 3-mm polyethylene. The humeral liner (polyethyl-
ene) was of standard depth in 75 cases (96.2%) and
constrained in three cases (3.8%). A 2-mm posterior
offset humeral cup was used in 35 cases (45.5%), a neu-
tral humeral cup was used in 38 cases (49.4%), a 2-mm
anterior offset humeral cup was used in four cases
(5.2%), and data were missing regarding offset in one
case. On the glenoid side, glenosphere options included
a 36-mm glenosphere (44 cases; 56.4%), a 39-mm gle-
nosphere (12 cases; 15.4%), or a 42-mm glenosphere
(22 cases; 28.2%). In 12 cases (15.4%), the glenospheres
had neutral offset; in 65 (83.3%), the glenospheres had
4 mm of lateral offset; and in one case (1.3%), a 2.5-mm
inferior eccentric glenosphere was used.

The subscapularis was repaired in 80.8% of cases (59
of 73), and not repaired in 19.2% of cases (14 of 73).
Postoperative rehabilitation was not standardized.

Radiographic evaluation

Immediate postoperative anteroposterior radiographs
were reviewed in DICOM format by an independent
examiner who measured multiple parameters to assess
superior—inferior (distalization) position and medial-
lateral (lateralization) component position (GH).
Distances were measured to the nearest millimeter
and angles were measured to the nearest 0.1°.
Measurements  of  superior—inferior
included:

position

1. Acromiohumeral distance (AHD);®

2. Acromial—center of rotation distance (ACD) or dis-
tance from the acromion to the center of the gleno-
sphere (Figure 1(a));

3. Inferior glenosphere offset (IGO) or overhang of the
glenosphere relative to glenoid (Figure 1(b)); and

4. Distalization angle;®

Measurement of medial-lateral position included:

1. Acromion index;’

2. Lateral humeral offset (LHO) or perpendicular dis-
tance from the lateral acromion to the most lateral
post point of the humerus:®

3. Glenosphere lateral offset (GLO) or perpendicular
distance from the glenoid to the most lateral point
of the glenosphere;'® and

4. Lateralization angle.®

Statistical analysis

Mean and standard deviations were used to describe
continuous data. To examine the differences in means
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Figure . Radiographic examples of measurements obtained for the analysis of superior—inferior positioning differences between the
excellent and poor outcome groups. (a) Acromial—center of rotation distance (ACD) or distance from the acromion to the center of
the glenosphere. (b) Inferior glenosphere offset (IGO) or overhang of the glenosphere relative to glenoid (solid green line) is the
difference between the distance from the center of the glenoid to the inferior border of the glenosphere (solid black line) and the
distance from the center of the glenoid the inferior border of the scapular neck (dashed blue line).

between groups were compared with a ¢ test or
Wilcoxon Rank Sum were according to variable distri-
bution. Fishers exact test were used to compare fre-
quencies between groups. The impact of glenosphere
size was examined controlling for sex using a Mantel—-
Haenszel test. Following univariate analysis, two multi-
variate analyses were performed. The first included on
an evaluation of patient factors of age, sex, and body
mass index (BMI) with potentially implant factors (gle-
nosphere size and offset) and radiographic factors
(IGO, GLO, and ACD). The second included preopera-
tive FF and ER with implant factors and radiographic
factors. Two separate analyses were performed because
of the high number of variables and by limiting the
variables more precise estimates can be obtained.
Two-tailed p values of <0.05 were considered signifi-
cant. Statistical analyses were carried out by a trained
statistician.

Results
Patient and implant analysis

Patient characteristics of the two groups are summar-
ized in Table 1. An excellent outcome was more
common in patients with a larger BMI. Regarding
implant choice, the use of a larger glenosphere was
associated with an excellent outcome (p=0.009).
When controlling for sex, the difference remained sig-
nificant (p=0.012). Among women, an excellent

outcome was obtained in 42.9% (15/35) with a
36-mm glenosphere, and 100% (2/2) with a 39-mm gle-
nosphere. Among men, an excellent outcome was
obtained in 25% (2/8) with a 36-mm glenosphere,
60% (6/10) with a 39-mm glenosphere, and 77.3%
(17/22) with a 42-mm glenosphere. Glenosphere offset
did not reach statistical significance (p =0.279). The use
of a 2-mm posterior offset humeral cup (p =0.012) was
also associated with an excellent outcome.

Radiographic analysis

The relationship between radiographic measurements
and outcome is presented in Table 2. The only factor
associated with an excellent outcome was the IGO.
Patients with an excellent outcome had a mean inferior
overhang of the glenosphere of 3.1 mm beyond the
inferior glenoid, compared to 1.4mm for patients
with a poor outcome (p =0.002). Another representa-
tion of inferior position, the ACD trended toward, but
did not reach statistical significance (42.6mm vs
39.4mm; p=0.072). Lateralization of the glenosphere
(GLO) also trended toward but did not reach statistical
significance (27.2 mm vs 25.8 mm; p =0.089).

Multivariate analysis

In the first multivariate analysis, basic patient factors
were evaluated with glenosphere size, humeral cup
offset, the ACD, GLO, and 1GO. Age, sex, and BMI
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Table |. Baseline patient characteristics, patient-reported measures, ROM, and implant characteristics.

Poor ROM (n = 36)

Age 71 (£7)

Sex 2| females (58%)
15 males (42%)

BMI 30 (£6)

ASES 38 (£21)

SSV 30 (£25)

VAS 5.5 (+2.8)

Glenosphere size 27 size 36 mm (75%)
4 size 39 mm (1 1%)

5 size 42 (14%)

Glenosphere offset 7 neutral (19.4%)
28 lateral 4 mm (77.8%)

| inferior eccentric (2.8%)

Humeral cup offset 20 neutral (55.5%)
I'l posterior (30.5%)

5 anterior (14%)

Excellent ROM (n=42) p value
68 (£8) 0.066
17 females (40%) 0.173
25 males (60%)

33 (£7) 0.012
36 (£17) 0.523
39 (£31) 0.218
6.2 (£2.3) 0.385
17 size 36 mm (41.5%) 0.007
8 size 39 mm (19%)

5 size 42 (41.5%)

5 neutral (12%) 0.279
37 lateral 4 mm (88%)

0 inferior eccentric (0%)

18 neutral (43%) 0.006

24 posterior (57%)
0 anterior (0%)

ASES, American Shoulder and Elbow Surgeons; BMI, body mass index; mm, millimeters; ROM, range of motion, SSV, subjective shoulder value; VAS,
visual analog scale. p values based on comparing differences between the two groups.

were not significantly associated with outcome
(p>0.05). In this analysis, glenosphere size and 1GO
remained significant. A glenosphere size of 39 mm was
associated with a 9.2 times increased chance of achiev-
ing an excellent outcome (p =0.03). Each millimeter of
inferior overhang of the glenosphere was associated
with a 1.6 times increased chance of achieving an excel-
lent outcome (p <0.001). Posterior offset of the hum-
eral cup did not remain significant, although anterior
offset was negatively associated with an excellent out-
come (Table 3).

A second multivariate analysis was performed in an
attempt to control for preoperative ROM. In this
model, a higher preoperative FF trended toward
slightly increasing the chance of obtaining an excellent
outcome (odds ratio =1.01, p=0.057), whereas pre-
operative ER did not reach statistical significance.
The IGO remained significant, with every I-mm
increase in inferior overhang being associated with a
1.5 time increase in the chance of achieving an excellent
outcome (p =0.006). On the other hand, glenosphere
size did not reach significance (p > 0.05) (Table 4).

Discussion

The aim of this study was to evaluate the relationship
between postoperative ROM following RSA and

component selection as well as position, using different
radiographic markers. The major findings were that
larger glenospheres, a posterior offset humeral cup,
and increased IGO were associated with excellent post-
operative outcomes. These findings may help better
understand what factors lead to different postoperative
results as they can have implications on patient coun-
seling, in addition to surgical technique and implant
choices.

Determining outcomes after shoulder arthroplasty is
not always straightforward. A study by Roy et al. eval-
uating the relationship between different patient-
reported outcome measures following RSA showed
that even though 93% of patients were very satisfied
with their care, not all of them were able to achieve
comparable scores on the other outcome tests studied.
Their results also showed that, depending on the test
used, ROM between the good outcome groups can vary
by up to 20° for FF and 3° for ER.'! Moreover, there is
substantial evidence that not all patients achieve satis-
factory improvements in ROM following RSA.*>!!
For instance, Simovitch et al. showed that when
ROM was stratified based on substantial clinical benefit
(SCB) (i.e. a pre- to postoperative improvement of 35°
for FF and 12° for ER), 38% of patients did not
achieve the SCB for FF and 31% were not able to
achieve the SCB for ER.> Moreover, Jeon and Rhee
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Table 2. Radiographic measurements and outcomes.

Poor ROM (n=36)

Excellent ROM (n=42)

Preoperative AHD (mm) 8.0 (£4.9) 10.0 (£6.8) 0.277
Postoperative AHD (mm) 32.6 (£8.3) 34 (£7.6) 0417
A AHD (mm) 24.6 (£7.5) 24.1 (£84) 0.782
ACD (mm) 394 (£7.9) 42.6 (£7.5) 0.072
IGO (mm) 1.4 (£2.5) 3.0 (£2.1) 0.002
Distalization angle 46.5° (£8.9°) 47.9° (£10.2°) 0.545
Acromial index 0.75 (£0.11) 0.76 (£0.14) 0813
LHO (mm) 14.1 (£7.0) 13.3 (£9.5) 0.694
GLO (mm) 25.8 (£3.8) 27.2 (£3.5) 0.089
Lateralization angle 85.0° (£9.5°) 81.4° (£6.5°) 0.165
Forward flexion 96° (£34°) 152° (£8°) <0.001
External rotation 22° (£20°) 46° (£11°) <0.001
ASES 68 (£22) 83 (£14) <0.001
SsV 63 (£28) 73 (£22) 0.154
VAS 2.2 (£2.7) I (£1.3) 0.069

ACD, acromial—center of rotation distance; AHD, acromiohumeral distance; ASES, American Shoulder and Elbow Surgeons; GLO,
glenosphere lateral offset; IGO, inferior glenosphere offset; LHO, lateral humeral offset; mm, millimeters; SSV, subjective shoulder value;

VAS, visual analog scale; A: the difference between postoperative

Table 3. Multivariate analysis of radiographic and implant
factors.

95%
confidence b
Variable interval value
39-mm glenosphere 9.1 1.2-122.5 0.030
42-mm glenosphere 5.2 1.2-27.9 0.024
I mm of IGO 1.6 1.2-2.2 <0.001
Posterior offset 1.7 0.4-6.7 0512
humeral cup
Anterior offset 0.1 0-0.7 0.026
humeral cup

IGO, inferior glenosphere overhang; mm, millimeters.

allocated patients who underwent RSA wusing a
Grammont implant into satisfactory and unsatisfactory
groups based on their postoperative FF (FF < 100°
considered as unsatisfactory) and found that 22.1%

Table 4. Second multivariate analysis of radiographic and
implant factors.

Odds 95% confidence
Variable ratio interval p value
Preoperative FF 1.01 1-1.03 0.057
Preoperative ER 1.02 0.99-1.05 0.218
ACD 0.99 0.91-1.07 0.795
GLO 1.04 0.86—1.26 0.674
39-mm glenosphere 4.05 0.6-26.4 0.144
42-mm glenosphere 2.75 0.55-13.74 0.217
I mm of IGO 1.51 1.13-2.02 0.006
Posterior offset 1.22 0.36-4.20 0.748
humeral cup
Anterior offset 0.03 <0.01-1.23 0.065
humeral cup

ACD, acromial-center of rotation distance; ER, external rotation; FF,
forward flexion; GLO, glenosphere lateral offset; IGO, inferior gleno-
sphere overhang; mm, millimeters.
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of patients did not achieve a satisfactory result. Based
on the definition used in our study, we found that
22.5% of patients had a poor outcome.*

Previous evidence has pointed toward larger gleno-
sphere diameters having a positive effect on ROM.'> 14
Berhouet et al. showed that a larger glenosphere
(42mm) is associated with better rotation ROM com-
pared to a smaller one (36 mm) (p < 0.05)."> Moreover,
a study comparing functional scores and ROM differ-
ences between two groups of patients, one receiving a
36-mm glenosphere and the other receiving a 44-mm
glenosphere, found that patients with the larger gleno-
sphere had a 12° increase in ER in adduction compared
to those with the smaller glenosphere (p <0.001), at 12
months and 60 months follow-up intervals.'* Similarly,
Mollon et al. showed that a 42-mm glenosphere size
generated a 15° improvement in FF and a 6° improve-
ment in ER compared to the 38 mm size, with an over-
all improvement in pain scores. They also suggested
that these results could be gender specific, with males
experiencing less improvement in FF.'* Although we
found similar associations with respect to glenosphere
size and ROM, we found no evidence of gender being a
significant factor in achieving and excellent outcome.
Nevertheless, in the absence of patient-specific criteria
to guide glenosphere size choices, this process is still
surgeon dependent and is strongly influenced by
gender and stature.'> Moreover, it is still unclear how
big is too big with respect to diameter size, with evi-
dence pointing toward certain tradeoffs that come with
larger glenospheres, such as limitation in internal rota-
tion'® and higher polyethylene volumetric wear rates.'’
This highlights the need for more variation in size and
design, which could help surgeons manage patient-to-
patient variability and lead to more predictable
outcomes.

Previous research has suggested that humeral com-
ponent offset can influence ROM. A posterior position
would be better expected to mimic normal anatomy
given that the humeral head is typically offset posterior
and medial relative to the humeral canal.'®
Biomechanical studies evaluating humeral tray pos-
itioning showed that posterior and postero-lateral
offset maximized impingement-free ROM.'”° On the
other hand, in a biomechanical study, Dedy et al.
reported a decrease in FF with a posterior offset hum-
eral cup.?! However, their biomechanical model utilized
a medialized glenosphere with a 155° humeral stem. In
the current study, we used a 135° humeral stem. We
theorize that the higher percentage of excellent results
in the posterior offset group was due to better reduction
of anatomy and thus less bony impingement.

In a computer modeling study examining the effect
of different RSA designs on both deltoid and rotator
cuff muscles, Roche et al. found that, regardless of

implant design, the center of rotation (COR) shifted
medially and inferiorly compared to the normal shoul-
der, but to different degrees between designs. When
they controlled for stem design (Grammont stem) and
component parameters such as size and position, later-
alized glenosphere constructs resulted in similar dista-
lization but an 8-mm increase in lateralization.?
Clinical studies have shown that glenospheres with a
lateralized COR can improve ER.?* Greiner et al.
observed a trend toward improved ER in lateralized
glenosphere constructs compared to non-lateralized
ones, with a statistically significant improvement in
ER in patients with an intact teres minor.** In the cur-
rent study, lateralization of the glenoid components
trended toward being higher in the excellent group,
but this difference did not reach statistical significance
(GLO 27.2mm vs 25.8 mm; p =0.089). However, com-
puter modeling studies have demonstrated that 5mm or
more of lateralization (with a 135° humerus) is ideal for
decreasing bony impingement.”>?® For instance,
Keener et. al performed 3D RSA preplanning on 10
shoulders with severe glenoid retroversion deformities.
They demonstrated that in the setting of advanced glen-
oid osteoarthritic deformities, optimal ROM was
achieved with 10-mm baseplate lateralization, and neu-
tral to 5° of retroversion coupled with a varus stem
having a 135° neck shaft angle. Failure to find a signifi-
cant association between increased lateralization and
having an excellent outcome could be attributed to
the fact that with the glenosphere used in this study,
only 4mm of lateralization was available. It is thus
possible that differences could be detected with greater
amounts of lateralization (i.e. 6-8mm  of
lateralization).Yet, with the glenosphere evaluated in
the current study, only 4 mm of lateralization was avail-
able. Lateralization can also be achieved on the hum-
eral side. Merolla et al. compared clinical outcomes of a
lateralized stem construct to a non-lateralized one and
found that although there was a higher delta improve-
ment of ER in the onlay group,”” we did not find a
relationship between the different measurements of
humeral lateralization (LHO and Al) and outcomes.
However, this interpretation is limited by the fact that
all patients received the same stem design.

Inferior glenoid positioning, which leads to COR
inferiorization, has been shown to decrease scapular
notching and improve adduction and abduction
angles,”®?° but its effect on axial and sagittal ROM is
not fully understood. Li et al. evaluated the effect of
different glenosphere positions and found that inferior
translation resulted in improved rotation at different
degrees of abduction, whereas superior translation lim-
ited ROM.*® Another study evaluating radiographic
and outcome differences between a concentric and
4-mm eccentric glenosphere showed that inferior
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offset measured was 1 mm higher in the eccentric group,
and that this group witnessed an increase of 4° in ER
and 15° in FF compared to the concentric group.®’ Our
results showed that inferior offset was 1.7 mm higher in
the excellent group compared to the poor group
3.Imm vs 1.4mm p=0.002). Moreover, ACD,
another measurement of inferiorization of the COR,
trended toward but did not reach statistical significance
(42.6 mm vs 39.4mm; p=0.072).

Choi et al.,>* however, found that a 4-mm increase in
inferior offset in the eccentric group (5.8 mm vs 2.0 mm),
was not associated with a statistically significant differ-
ence in postoperative ROM between the eccentric and
concentric groups, which could indicate that there might
be a certain degree of inferiorization beyond which
ROM benefits could diminish.

Humeral lengthening, represented by an increase in
AHD, has been linked to improvements in FF and can
be affected by stem design as well as surgical technique,
which includes the amount of humeral head resection
and how inset or onset a stem is placed with respect to
the level of the resection.’>** In excess, however, arm
lengthening can have deleterious effects such as nerve
i and increased risk of scapular spine frac-
ture.*® Lengthening has been shown to be a key factor
in obtaining adequate deltoid tension, where postopera-
tive FF was found to be significantly greater in patients
with arm lengthening compared to shortening (145° vs
122° p<0.001).*” Jobin et al. showed that deltoid
lengthening resulting in >38-mm increase in AHD had
a 90% positive predictive value of obtaining 135° of
active FF.*® Another study showed that an increase in
subacromial space distance of 33-50% was associated
with FF > 120° (p=0.001).* Sabesan et al., however,
suggested that deltoid lengthening does not correlate
with improvements in FF or ER. They showed a trend
toward a negative correlation between increased AHD
and FF, which could signify a negative effect from del-
toid over tensioning.** Moreover, a study evaluating the
association between radiographic markers and out-
comes, found no association between AHD and
ROM,’ which was similar to our findings that showed
that there was no difference in AHD between the two
groups (32.6 mm vs 34.1 mm; p=0.417). Distalization
angle (DSA) is another measurement of distalization
that can affect FF, with the highest improvement
reported to be between 40° and 65°.° Our study
showed that there was no association between DSA
and ROM, which could be due to the fact that different
configurations of inlay and onlay stems were used in
the original study that described this measurement, as
compared to the inlay stem used in this study.

There are several limitations to the current study.
First, the design of the study was retrospective and
component position was not controlled but rather left

to surgeon choice. Since this was a multi-surgeon study,
differences in surgical experience, technique, as well as
postoperative rehabilitation protocols are factors that
were not controlled for and might have influenced the
association between the evaluated parameters and
ROM outcomes. Second, we did not examine patient
factors that could impact ROM such as patient height
and muscle quality. Third, our measurements are based
on radiographic analysis in the coronal plane only;
computed tomography would provide a better assess-
ment of three-dimensional position. Finally, and most
importantly, we are unable to provide patient-specific
guidelines based on the current study. It is likely that
there is an ideal component size and position for each
patient based on patient size and remaining muscle
quality. Future studies should be directed toward defin-
ing patient-specific recommendations.

Conclusion

Approximately 20% of patients may not achieve satis-
factory ROM following a primary RSA. Larger gleno-
sphere size and inferior positioning as well as posterior
humeral offset are associated with improved postopera-
tive ROM following RSA.
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