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Abstract
Introduction  One of the main causes of RSA failure is attributable to the malpositioning of the glenoid component. Initial 
experiences with computer-assisted surgery have shown promising results in increasing the accuracy and repeatability of 
placement of the glenoid component and screws. The aim of this study was to evaluate the functional clinical results, in terms 
of joint mobility and pain, by correlating them with intraoperative data regarding the positioning of the glenoid component. 
The hypothesis was that the lateralization more than 25 mm of the glenosphere can led to better stability of the prosthesis 
but should pay in term of a reduced range of movement and increased pain.
Materials and methods  50 patients were enrolled between October 2018 and May 2022; they underwent RSA implantation 
assisted by GPS navigation system. Active ROM, ASES score and VAS pain scale were recorded before surgery. Preopera-
tive data about glenoid inclination and version were collected by pre-op X-Rays an CT. Intraoperative data—inclination, 
version, medialization and lateralization of the glenoid component—were recorded using computer-assisted surgery. 46 
patients had been further clinically and radiographically re-evaluated at 3-months, 6-months, 1-year, and 2-years follow-up.
Results  We found a statistically significant correlation between anteposition and glenosphere lateralization value (DM 
− 6.057 mm; p = 0.043). Furthermore a statistically significant correlation has been shown between abduction movement 
and the lateralization value (DM − 7.723 mm; p = 0.015). No other statistically significant associations were found when 
comparing the values of glenoid inclination and version with the range of motion achieved by the patients after reverse 
shoulder arthroplasty.
Conclusion  We observed that the patients with the best anteposition and abduction results had a glenosphere lateralization 
between 18 and 22 mm. When increasing the lateralization above 22 mm or reducing it below 18 mm, on the other hand, 
both movements considered decreased their range.
Level of evidence  Level IV; Case Series; Treatment Study.

Keywords  RSA navigation system · Glenosphere lateralization

Introduction

Every year approximately 1% of implanted shoulder pros-
thesis results in aseptic loosening and surgical revision [1]. 
One of the main causes of this failure is attributable to the 
malpositioning of the glenoid component [2]. Postoperative 
instability is the most common complication reported from 
2.4 to 31% in the current literature [3]. Implantation of a 

reverse shoulder arthroplasty (RSA) with superior inclina-
tion of the baseplate is associated with an increased rate of 
complications [4–6].

Superior inclination of the baseplate increases the 
stresses at the implant–bone interface leading to impinge-
ment between the inferior humeral polyethylene insert and 
scapular pillar, causing medial polyethylene wear, scapu-
lar notching and eventual glenoid implant loosening [4–6]. 
Furthermore, superior inclination of the baseplate has been 
shown to be associated with decreased shoulder range of 
motion [7, 8].

The optimal position of the reverse baseplate is flush 
to the inferior rim of the glenoid surface without superior 
inclination, in an attempt to optimize impingement-free 
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range of motion avoiding scapular notching and glenoid 
loosening [9, 10].

A medialization of the center of rotation leads to less 
micro motions at the implant/bone surface and therefore to 
a greater survival of the prosthesis itself; however, exces-
sive medialization leads to greater instability and reduced 
range of motion [11]. On the contrary, the lateralization 
of the center of rotation increases implant stability, but 
also increasing the shear forces at the implant/bone inter-
face, thus leading to a lower survival of the implant. The 
lower inclination of the glenosphere can compensate for 
an insufficient lateralization avoiding the instability of the 
implant allowing a greater distalization of the humerus 
and increasing the deltoid tension of the prosthesis [12].

For all these reasons, an accurate and precise glenoid 
positioning correlates with optimal function and longevity 
of implants [9].

The lack of static and reliable landmarks on the shoul-
der, the scarcity of the bone stock often altered in the 
course of an arthritis and the limited access to the scapula 
through any of the available shoulder approaches can com-
plicate the process of the glenoid positioning.

Initial experience with computer-assisted surgery [13], 
has shown promising results in increasing the accuracy 
and repeatability of the placement of the glenoid com-
ponent, in particular the position and orientation of the 
glenoid component and the screws. It is not yet known 
whether the accomplishment of improved positioning tech-
niques translates into better clinical outcomes and the lit-
erature regarding computer-assisted shoulder surgery [15, 
16] is still rather poor.

The aim of this study is to evaluate the functional and 
clinical results, in terms of joint mobility and pain, by cor-
relating them with intraoperative data regarding the posi-
tioning of the glenoid component. The hypothesis is that the 
lateralization more than 25 mm of the glenosphere can led to 
the better stability of the prosthesis but could pay in terms of 
reduced range of movement and increased pain.

Materials and methods

All patients treated with reverse shoulder arthroplasty, 
where the Guided Personalized Surgery (GPS) navigation 
system (Exactech, Gainsville, FL, USA) was used to assist 
the implantation of the Equinoxe reverse shoulder prosthesis 
(Exactech, Naples, FL, USA), were included in this study.

All the included subjects had been treated at our institute 
from October 2018 to May 2022.

A total of 50 patients were considered of which 16 males 
and 34 females. The mean age at the time of surgery was 
73.6 years (ranging between 51 and 87 years).

Indications for surgery were: 30 glenohumeral arthro-
sis, 20 rotator cuff rupture arthropathies, 27 of these were 
right sided cases and 23 were left sided cases.

Active Range of Motion (ROM) with evaluation of 
external rotation, internal rotation, abduction and antepo-
sition, American Shoulder and Elbow Surgeons Score 
(ASES score), and Visual Analogue Scale (VAS) pain 
scale were analysed before surgery.

X-rays and CT scans were carried out to gain data of 
preoperative glenoid version and inclination measured 
through Orthoblue software. In addition, the glenoid com-
ponent inclination, version, seating and medialisation were 
planned using the Orthoblue software and recorded.

All surgical procedures were performed by the same 
senior surgeon (L.T.), who had already executed more than 
50 Equinoxe RSA using navigation system before 2018 
[17].

The data were collected intraoperatively—using com-
puter-assisted surgery—about inclination, version, medial-
ization and lateralization of the glenoid component (thick-
ness of the glenoid component from which the absolute 
value of medialization was subtracted, see Fig. 1).

The type of baseplate used, the presence of any intra-
operative complications and associated further surgical 
procedures were registered as well.

We re-evaluated all patients by objective examination, 
ASES score, VAS pain scale (1–10 score) and radiographic 
analysis at 3 months, 6 months, 1 year and then annually.

We gathered the 3 months, 6 months, 1-year follow-up 
for the whole study population. 2-year follow-up infor-
mation were collected for 46 patients (min 24.1–max 
30.5 months); we could not complete the follow-up for 
4 patients.

Statistical analysis

All statistical analyses were performed using R software 
version 4.1.1.

Numerical variables were described through mean and 
standard deviation or median and interquartile range (IQR), 
whereas categorical variables were reported in terms of 
absolute frequencies and percentages. The degree of asso-
ciation between the outcomes of interest and the numerical 
and categorical variables of interest was assessed through 
the estimation of simple linear regression models. The rela-
tionships between external rotation, internal rotation, abduc-
tion, anteposition, and preoperative and planning measures 
were investigated analogously, with a view to analyse pos-
sible mediating effects by active ROM measurements. The 
results obtained were reported in terms of the difference 
between the means (DM), with corresponding 95% confi-
dence intervals.
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Results

The mean preoperative glenoid version was − 6.5° ± 6.1° 
(min − 20° and max 6°), the mean preoperative inclination 
was 1.7° ± 6.3° (min − 11° and max 19°). The planned 
mean glenoid version was − 2.1° ± 3.0° (min − 9° and max 
3°), the planned mean inclination was − 1.8° ± 2.3° (min 
− 8° and max 0°).

From the preoperative to the intraoperative phase, we 
obtained a mean version correction of − 4.4° ± 5.9° (min 
− 20° and max 7°) and a mean inclination correction of 
3.5 ± 6.3° (min − 11° and max 20°) (Table 1).

Regarding the difference between planned and intraop-
erative measurements, the inclination of the glenoid com-
ponent was increased by 1° in five patients whereas in the 
remaining 45 cases the prosthetic device was implanted 
according to plan.

T h e  p l a n n e d  m e a n  m e d i a l i z a t i o n  w a s 
− 3.6 mm ± 1.8 mm (min 0 mm and max − 7 mm), which 
corresponded to the reaming performed intraoperatively 
for all 50 implanted prostheses.

The mean lateralization obtained of 19.4 mm ± 1.8 mm 
(min 16 mm and max 23 mm) followed from this figure.

Of the 46 patients evaluated at 2-year follow-up, 26 had 
a lateralization between 18 and 22 mm, while 20 had later-
alisation values > 22 mm or < 18 mm. Out of 26 patients, 24 
had abduction and anteposition values ≥ 90° (92.3%) while 
2 patients reached < 90° (7.7%), but had co-morbidities. 
Of the 20 patients outside the range: 10 had abduction and 
anteposition > 90° (50%) and a further 10 had abduction and 
anteposition < 90°, with absence of comorbidities (50%).

The value of the planned seating was 94.3% ± 6.1% (min 
74% and max 100%). The baseplate used were: 23 Standard, 
15 Augment 8° posterior, 8 Augment 10° superior.

The intraoperative adverse events registered were: two 
coracoid fractures and one GPS failure, which prevented 
the use of navigation during implantation of the glenoid 
component.

The months following arthroplasty implantation involved 
two traumatic dislocations of the prosthetic implant, causing 
both patients to undergo prosthetic revision; two prosthetic 
infections, both within 3 months from the operation, requir-
ing surgical cleaning and replacement of the mobile compo-
nents (Fig. 2). One of the two cases of the infection required 
a further revision with the removal of the infected prosthesis 
and replacement with an antibiotic-loaded spacer due to the 
recurrence of signs and symptoms of infection.

At the preoperative clinical evaluation, the patients pre-
sented a mean anteposition of 88.9° ± 28.3° (min 30° and 
max 160°), a mean abduction of 82.6° ± 33.9° (min 30° and 
max 160°), a mean external rotation of 22° ± 18.2° (min 0° 
and max 45°) and a mean internal rotation of 2.7 ± 2.2 (min 

Fig. 1   Graphic image of how 
the lateralization of the COR 
was calculated, as well as 
the difference between the 
medialization and the length 
of the glenoid component. 
l = length glenoid component 
(36 mm diameter glenosphere: 
l = 22 mm, 38 mm diam-
eter glenosphere: l = 23 mm, 
42 mm diameter glenosphere: 
l = 25 mm). M medialization. 
L lateralization (calculated as 
l–M)

Table 1   Average values variation of version and glenoid inclination

Parameter Preoperative 
native glena

Planning Average variation

Version − 6.5° − 2.1° − 4.4°
Inclination 1.7° − 1.8° 3.5°
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0 and max 7). Numerical values corresponding to each ana-
tomical level were assigned to evaluate the range of inter-
nal rotation: gluteus = 0, sacrum = 1, L5 = 2, L4 = 3, L3 = 4, 
L2 = 5, L1 = 6, T12 = 7, T11 = 8, T10 = 9, T9 = 10, T8 = 11, 
T7 = 12. The mean ASES score was 42.3 ± 17.5 (min 6 and 
max 81.34) and the mean VAS was 6.2 ± 1.8 (min 1 and 
max 10).

At the 3-months follow-up, all patients achieved a mean 
ROM with an anteposition of 101.2° ± 26.7° (min 40° and 
max 160°), an abduction of 92.3° ± 21.6° (min 45° and max 
160°), an external rotation of 22.5° ± 15.9° (min 0° and max 
60°) and an internal rotation of 2.2 ± 2.5 (min 0 and max 9). 
The mean ASES score was of 68.35 ± 14.79 (min 26.9 and 
max 98.14) and the mean VAS pain score was 2.1 ± 2.4 (min 
0 and max 8).

At the 6-months follow-up, patients presented a mean 
ROM with an anteposition of 119.1° ± 32.3° (min 60° and 
max 180°), an abduction of 110.1° ± 33.4° (min 60° and max 
180°), an external rotation of 36.9° ± 18.2° (min 10° and 
max 70°) and an internal rotation of 3.7 ± 3.1 (min 0 and 
max 9). The mean ASES score was 78.09 ± 12.99 (min 24.96 
and max 96.6) and the mean VAS pain score was 1.7 ± 2.1 
(min 0 and max 8).

At the 1-year follow-up, patients achieved a mean ROM 
with an anteposition of 130.2° ± 33.2° (min 70° and max 
180°), an abduction of 121.2° ± 36.4° (min 70° and max 
180°), an external rotation of 40.9° ± 21.9° (min 10° and 
max 70°) and an internal rotation of 3.7 ± 2 (min 0 and max 
12). The mean ASES score was 83 ± 11.5 (min 56.6 and 
max 98.14) and the mean pain score was 0.9 ± 1.4 (min 0 
and max 4).

At the 2-years follow-up, patients presented a mean ROM 
with an anteposition of 136.8° ± 39.6° (min 70° and max 
180°), an abduction of 123.6° ± 44.1° (min 70° and max 
180°), an external rotation of 44.8° ± 24.1° (min 15° and 
max 90°) and an internal rotation of 5.3 ± 4.0 (min 0 and 

max 12). The mean ASES score was 82.72 ± 18.7 (min 55 
and max 98.14) and the mean pain score was 0.8 ± 1.7 (min 
0 and max 7).

External rotation showed a twofold increase in mean 
amplitude from 22° preoperatively to 44.8° at the 2-years 
follow-up, with 69.6% of patients showing a ROM of 30° or 
more at follow-up.

Internal rotation is the movement that showed the least 
increase as compared to the mean preoperative level, moving 
from L5 to L2 on average. Only 13 patients out of a total of 
46 reached or exceeded the T12 level more than one year 
after surgery.

Two statistically significant correlations were also 
shown between the amplitude of anteposition and the medi-
alization and lateralization values of the prosthetic implant 
(p = 0.043), and again between the amplitude of abduction 
and the medialisation and lateralisation values (p = 0.015).

No other statistically significant associations were found 
when comparing the values of postoperative glenoid inclina-
tion and version with the range of motion achieved by the 
patients after reverse shoulder arthroplasty.

No statistically significant associations were found in 
regards to pain values between planned glenoid version 
(p = 0.600), planned glenoid inclination (p = 0.344), medi-
alization (p = 0.441) and lateralization (p = 0.441).

Discussion

The literature concerning intraoperative navigation in 
shoulder prosthetics is currently not very extensive. Studies 
attempted to establish the usefulness of three-dimensional 
surgical planning [18, 19] and the importance of intra-
operative feedback on the change in version and glenoid 
inclination.

Navigation has been shown to improve the accuracy of 
the positioning of the glenoid component [1, 16] and screw 
fixation [14] even with more experienced surgeons [20].

So far, however, the accuracy of glenoid positioning has 
not yet been correlated with better clinical results as com-
pared to standard techniques [1, 15, 16].

There are three main aspects of glenoid positioning that 
have to be considered when implanting the prosthetic device 
[20]: seating, version and tilt. The ideal seating value should 
be greater or equal to 90% of the implant’s surface area [20], 
its version between 5° anteversion and 15° retroversion 
(although most researchers use 0° to − 10° as the range) and 
the implant’s lower inclination less than 20° [21].

In our study, we followed the values suggested in litera-
ture, however, we did not find any statistically significant 
correlation between the inclination and version values and 
the postoperative clinical results. Similarly to these studies, 
we observed an increased use of baseplate implants with 

Fig. 2   Pie chart showing the incidence and type of adverse effects 
that occurred intraoperatively and during follow-ups
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wedge [19, 20]: exactly half of the implants we implanted 
had superior or posterior wedge.

Our findings (as highlighted in Table 2) suggest the pres-
ence of a statistically significant correlation between antepo-
sition (assessed at last clinical follow-up) and the medializa-
tion and lateralization value (DM − 6.057 mm; p = 0.043). 
Furthermore, there is also a statistically significant correla-
tion between the abduction movement (assessed at last clini-
cal follow-up) and the medialization and lateralization value 
(DM − 7.723 mm; p = 0.015).

As far as we know, the findings highlighted in this 
research is not reported by any previous study using intra-
operative navigation.

Our results show that a greater glenoid component later-
alization (> 22 mm) leads to a decrease in ROM in abduc-
tion and anteposition, whereas there is no correlation with 
external rotation. This finding is in contrast with the current 
literature consisting of studies that use specific software 
to evaluate the ROM after virtual Reverse Total Shoulder 
Arthroplasty (RTSA) surgery. Werner et al. [22] showed 
that by increasing the mean lateralisation of the Centre 
of Rotation (COR) to 2.5 mm (increasing the size of the 
glenosphere from 36 to 38 mm), both the anteposition and 
external rotation movements improved. In the study by Kim 
et al. [23] patients treated with a lateralizing implant had sig-
nificantly greater adduction, abduction and external rotation. 
Keener et al. [24]. achieved a significantly greater adduction, 
abduction and external rotation with a progressively greater 
lateralisation, while internal rotation was better at 10 mm 
lateralisation.

Also Berhouet et  al. [25] performed a cadaver study 
which showed that prostheses with a 7 mm or 10 mm lat-
eralized COR and a 42 mm glenosphere had an increased 
elevation.

A population study of 146 patients was also carried out 
by Rhee et al. [26]. who showed how patients with greater 
medialization exhibited an improved pain score at the 
expense of reduced external rotation.

In a recent radiographic study (Chul-Hyun Cho, Du-Han 
Kim, Hyeong-Uk Choi, Byung-Chan Choi, Ji-Hoon Kim, 
unpublished data) there was one finding in line with our 
result. The postoperative acromio-humeral interval showed 

an association with active range of motion in patients who 
had undergone RTSA. In particular, excessive distalization 
reduced anteposition and external rotation.

The patients whose COR lateralization ranges between 
18 and 22 mm, who completed all the outpatient follow-ups, 
reached a mean anteposition amplitude of 138.7° and a mean 
abduction amplitude of 120.7°. Only two patients did not 
reach an amplitude of movement equal to or greater than 90° 
for both of the above-mentioned movements. This result is 
likely due to the copathologies of the two patients: rheuma-
toid arthritis and Parkinson’s disease [27]. Only one patient 
achieved an angle corresponding to 90° for both movements, 
but in her post-operative course she suffered a traumatic dis-
location of the prosthetic implant. All the remaining patients 
achieved greater ranges of motion of up to 180°. These data 
could be explained by an “ideal” deltoid length range in 
which the muscle performs better.

This group showed also better clinical scores, maybe 
driven by increased anteposition and abduction.

The mean ASES score among all patients falling within 
the lateralization range we considered is 85.32%, higher than 
the mean calculated among all patients at 2-years follow-up 
(Fig. 3).

The ASES score exceeds 80 points in 26 patients (56.5%) 
at last FU, while only 5 patients had a score < 80 points. 
The latter experienced a decline in function of the prosthetic 
shoulder, greater than 20 points, between the first and second 
year after surgery. The cause for this trend could be due to 
rheumatoid arthritis for two patients, Parkinson's disease for 
one patient, and age > 80 years for the remaining 2.

As far as the VAS scale is concerned, the mean value 
decreased from 6.2 to 2.1 in the first 3 months after surgery 
and then to < 1 after one year (Fig. 4). At the last outpatient 
appointment, 33 out of 46 patients, i.e. 71.7% of our sample, 
perceived no pain.

Table 2   Table collecting statistical significance values expressed by 
p values for the various correlations between the parameters: version, 
inclination, medialization, lateralization and ROM

Parameters ANT ABD ER IR

Version p = 0.523 p = 0.635 p = 0.703 p = 0.977
Inclination p = 0.604 p = 0.512 p = 0.176 p = 0.997
Medialisation p = 0.043 p = 0.015 p = 0.241 p = 0.728
Lateralisation p = 0.043 p = 0.015 p = 0.241 p = 0.728

Fig. 3   Line graph showing the average trend over time of the ASES 
score obtained by patients, from the pre-operative assessment to the 
2-year follow-up
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5 patients, on the other hand, complained of moderate-
to-severe pain, four of which appeared on the occasion 
of complications such as infection and prosthetic disloca-
tion, while the remaining one complained a worsening of 
rheumatoid arthritis.

There are several limitations to the use of computer-
assisted surgery. The use of navigation exposes to the risk 
of coracoid fracture due to the positioning of the tracker, 
which occurred on two occasions in our study (4%).

In our study, there was one case of malfunction of 
the navigation system (2%) in line with what has been 
described in other studies in literature [17, 20], resulting 
in manual implantation of the glenoid component.

The main limitation of the study is the lack of post-
operative imagines analysis to confirm prosthesis place-
ment according to the preoperative planning. Several stud-
ies have been published about navigation accuracy and 
precision.

Jones et al. [28] evaluated accuracy and precision in gle-
noid positioning with a cadaveric study comparing preopera-
tive plan and postoperative TC. They reported an average 
error from the preoperative plan of 1.9 ± 1.9° for version and 
2.4 ± 2.4° for inclination of glenoid component. Larose et al. 
[29] compared preoperative planning and intraoperative nav-
igated glenoid position in a large study population. They 
reported minimal deviation in the intraoperative execution of 
the preoperative plan with respect to version (0.6° ± 1.96°), 
inclination (0.2° ± 2.04°) and starting point on the glenoid 
face (1.90 mm ± 1.2 mm). Nguyen et al. [30] conduced an 
in-vitro randomized controlled trial with cadaveric speci-
men performing a postoperative TC. The mean absolute 
error (from the target value of 0°) in glenoid version was 
1.5 ± 1.9° for the computer assisted method.

When considering these results, we assumed the naviga-
tion as precise and accurate process for glenoid placement, 
consequently we did not conduced postoperative imaging 

analysis to compare component position with preoperative 
planning.

The main limitation of this technology is that the 
humeral osteotomy, and therefore the offset and global 
distalization given by the positioning of the implant, was 
completely neglected by the navigation system. Several 
studies [31–33] state that the humeral component plays a 
key role in stability, deltoid efficiency and joint load. We 
believe that the planning of the humeral component can 
have a significant impact on achieving the right deltoid 
and conjoint tendon tension, with important implications 
for clinical outcomes.

To reduce this potential bias, we always performed an 
osteotomy at the level of the anatomical neck and used a size 
0 insert in all implants.

A further limitation is certainly the small number of 
patients evaluated, although no studies involving larger 
populations are currently available in the literature.

Furthermore, the inability to control postoperative physi-
otherapy rehabilitation creates a significant variable, with 
its impact on the patient’s clinical course. In addition, when 
examining the time frame in which our study took place, it 
becomes apparent that a large proportion of the patients were 
operated during the Sars-Cov2 pandemic. This may have had 
an additional impact on the possibility of carrying out the 
rehabilitation course in the required manner and timeframe.

Conclusion

Navigation can be used as a reference to improve our knowl-
edge of the impact that intraoperative parameters can have 
on the patient’s clinical outcome.

This technology could be a breakthrough to identify the 
range of lateralization of the glenoid implant, which is prob-
ably the most interesting data obtained from this study.

We observed that the patients with the best anteposition 
and abduction results had a lateralization range between 18 
and 22 mm. When increasing the lateralization above 22 mm 
or reducing it below 18 mm, on the other hand, both the 
movements considered decreased in amplitude.

We therefore believe that further studies looking at larger 
samples of patients with long-term follow-up are needed to 
verify the true correlation between this range and the clinical 
outcomes achieved.
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