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Abstract

Objective: To verify whether reverse baseplate positioning without the support of intraoperative three-dimensional tech-
nology is within the acceptable parameters in the literature and whether glenoid bone deformity (GBD) compromises this
positioning.

Methods: Sixty-nine reverse shoulder arthroplasties were evaluated with volumetric computed tomography (CT). Two
radiologists performed blinded CT scan analysis and evaluated baseplate position within 2mm of the inferior glenoid; the
inclination and version of the baseplate in relation to the Friedman line; and upper and lower screw and baseplate metallic
peg end point positionings. The patients were divided according to the presence of GBD for statistical analyses.

Results: The two radiologists concurred reasonably in their interpretations of the following analyzed parameters: baseplate
position within 2mm of the inferior glenoid rim (97.1% and 95.7%), baseplate inclination (82.6% and 81.2%), baseplate version
(69.6% and 56.5%), the upper screw reaching the base of the coracoid process (71% and 79.7%), the inferior screw remaining
inside the scapula (88.4% and 84.1%), and the metallic peg of the baseplate considered intraosseous (88.4% and 72.5%).
Conclusion: Reverse baseplate positioning without intraoperative three-dimensional technology is within the acceptable
parameters of the literature, except for baseplate version and upper screw position. GBD did not interfere with baseplate
positioning in reverse shoulder arthroplasty.
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Introduction

Reverse  Shoulder  Arthroplasty (RSA)  provides
excellent short-term results in the treatment of different

The positioning and the fixation of the reverse base-
plate has received particular attention. The correct posi-
tioning of the baseplate is challenging for the surgeon,

shoulder joint pathologies.' > The verified RSA durability
in the literature is cited to be 90%-94% in 10 years of
follow-up, including posttraumatic lesions and revisions.*

Factors involved in the early loosening of the RSA
components are being explored by medical professionals
and implant-development companies to improve the
durability of surgical treatment and reduce the risk of
complications.®® The durability of the RSA is related to
patient factors, as the quality of bone and factors that
are surgeon’s responsability.” Some well determined fac-
tors include preoperative planning,”'®'* surgical tech-
nique employed,®'*1® the remaining functional
tendons,"!” glenoid bone deformity (GBD),**!” implant

characteristics,">'® ?° and postoperative management.

especially in the presence of glenoid bone defects.'® The
surgical planning of an RSA should include a thorough
presurgical investigation of these defects.®!%12
Precision is not achieved using simple radiographic
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studies.”! Van Haver et al.'? reported that the beta-angle

may help analyze the angular glenoid tilt in conventional
radiographs, but 10° errors may occur. Even simple
computed tomography (CT) (2D) without the use of
the entire scapula body as a referenceless accurate than
volumetric CT (3D).¢

The vast majority of surgeons perform shoulder
arthroplasty surgery only with the visualization of the
glenoid, without the support of 3D technology. The lit-
erature is controversial regarding the need to use 3D
planning and instrumentation (navigated surgery) to
achieve the ideal positioning and fixation of the base-
plate. Some studies suggest the superiority of preopera-
tive and intraoperative 3D technology in improving
angular positioning and decreasing the chance of perfo-
ration of the medial cortical of the scapula by the
implant.”!" The intraoperative 3D instrumentation
also improved the endpoint of the fixation screws, espe-
cially the lower screw.® Although these new technologies
hold promise in improving baseplate positioning, they
are associated with increase surgery costs.

The main objective of this research is to verify wheth-
er the reverse baseplates positioning without the support
of intraoperative 3D technology is within the acceptable
parameters of the literature. Also, assessing whether
GBD compromises the positioning of the baseplate.

Methods

We performed a cross-sectional study. Seventy patients
underwent RSA between September 2009 and April 2019
and were evaluated with postoperative volumetric CT
(3D). One patient had revision surgery, intentionally
performed with a non-anatomical positioning of the
baseplate, and hence was excluded from the cohort.?
The RSA surgical indication pathologies are listed in
Table 1.

We performed the surgeries in the “beach-chair” posi-
tion. The deltopectoral approach was used in 94.2% of
the cases (65 patients), and the anteroposterior approach
was used in the rest. All the arthroplasties used the

Equinoxe Shoulder System® (Exactech) with a neck
shaft angle of 132.5° and the baseplate fixed with
compression-blocked screws. The Exactech brand base-
plate features 6-hole options for placing 4.5 mm fixation
screws that initially compress and then lock in place. The
length of the screws varies from 18 to 46 mm. In the
upper 1/3 of the baseplate, there is an eccentric peg,
16 mm long (standard) discreetly conical, fenestrated,
and with a space for the autograft placement from the
anatomical head. The baseplate is made with a 5° infe-
rior tilt.

Four fixation screws were used in 95.6% of the cases
(66 patients) and 5 screws in the rest. The central peg of
the baseplate was standard (16 mm) in 68 cases. An
extended central peg (26 mm) was used in one case.

The surgeon chose the technique used for the posi-
tioning of the arthroplasty components without any PSI
instrumentation or intraoperative navigation. Although
all patients had a CT scan performed preoperatively, no
specific software was used to plan the surgery.

The average time of the surgical procedure was 103
minutes (IQR: 90—120 minutes). Eighteen patients (26%)
needed a blood transfusion.

All patients were immobilized for 30 days with a cush-
ioned sling, maintaining upper limb neutral rotation. If
the subscapularis tendon was repaired, active exercises
for anterior forward flexion, lateral rotation, and inter-
nal rotation were started at 30 days, postoperatively. In
patients where the subscapularis was not repaired, these
exercises were started on the 15th day. Deltoid isometric
exercises and isotonic reinforcement of the scapula sta-
bilizers muscles were started at 30 days postoperatively
in all patients.

During the postoperative follow-up, 4 problems and
13 complications (18.8%) in total were identified.

Tomographic evaluation of the shoulder was per-
formed for follow-up, the median period being 39
months (IQR: 34-62 months). Volumetric acquisition
in the axial plane of the shoulder girdle with posterior
multiplanar and 3D reconstructions was performed
during the tomographic examination. The patients

Table |I. Pathologies, Number of Cases, Frequency, and Confidence Interval.

Pathology n % [95% Cl]
Cuff tear arthropathy 35 50.72 [38.40, 62.98]
Four-part fracture Il 15.94 [8.24, 26.74]
Arthrosis without a cuff 9 13.04 [6.14, 23.32]
Fracture sequelae 6 8.70 [3.26, 17.97]
Chronic luxation 4 5.80 [1.6, 14.18]
Arthrosis in patient with rheumatoid arthritis | 1.44 [0.00, 7.81]
Severe instability | 1.44 [0.00, 7.81]
Hemiarthroplasty revision | 1.44 [0.00, 7.81]
Periprosthetic fracture | 1.44 [0.00, 7.81]

ClI: confidence interval.
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were subjected to a unilateral shoulder CT scan of the
Achilion Prime model with multiple detector rows
(multi-slice - 160 channels), with software for dose mod-
ulation (sure exposure) and reduction of metal artifacts
(single-energy metal artifact reduction - SEMAR). The
images were acquired with the patient in supine and with
the upper limb positioned at the side of the body. The
cuts’ size was 1.0x0.75mm (cut’s thickness 0.75 mm,
increase of 0.4mm, 512-pixel image matrix), scanning
from 1 cm above the acromion to the end of the scapula
and the prosthesis at the medulla of the humerus, using a
standard bone filter cartridge (FC) 35. The dosimetry
parameters used were 135Kv/200mA and the total
effective dose with a mean between 1.5 and 2.0 mSv.
After the acquisition, 3D reconstructions were per-
formed (Recon AIDR 3D process) to evaluate the
images in the OsiriX DICOM Viewer visualization
platform.

Two non-related radiologists performed blinded CT
scans analysis. The following parameters were evaluated:
baseplate position within 2mm of the inferior glenoid,
inclination of the baseplate within the arc from zero to
10° inferior tilt in relation to the Friedman Line, base-
plate version within the angular arc of 2° of anteversion,
and 9° of retroversion regarding the Friedman Line, end
point positioning of the upper screw, end point position-
ing of the lower screw and positioning of the metallic peg
of the baseplate.

Patients were divided into 2 groups for statistical
analysis: Group 1 entailed patients without bony defects
in the glenoid (n=45); Group 2 patients with GBD
(n=24). The bone deformity was determined in the pre-
operative diagnostic exams (radiography, volumetric
CT, and magnetic resonance imaging) using the classifi-
cations of Hamada,? Favard,>* and Walch.® Patients
were classified as type 4A, 4B, and 5 according to the
Hamada classification; type E1, E2, E3, and E4 accord-
ing to the Favard classification; and type A2, B2, B3, C,
and D, according to the Walch classification, were con-
sidered as having GBD and were included in Group 2.

The descriptive and statistical analysis was performed
with R-software (The R Foundation for Statistical
Computing, https://www.r-project.org/, version 4.0.0,
2020-04-24). For the description of the sample, the
mean and standard deviation were used for variables
with symmetrical distribution, the median and inter-
quartile range (IQR) for variables with asymmetric dis-
tribution, and percentage with 95% confidence intervals
(CI95%) for categorical variables. In the comparison
between two asymmetric numerical variables, the
Wilcoxon signed-rank test was used, and in the consen-
sus between the radiologists, the Cohen’s kappa coeffi-
cient (k) was used (Table 2). Chi-square or Fisher’s exact
test was used for categorical variables. For all statistical
analyses, value P < 0.05 was considered significant.

Table 2. Kappa Value, Interpretation.

Kappa Value Interpretation

< 0.00 No agreement

0.00-0.20 Slight agreement
0.21-0.40 Fair agreement

0.41-0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement
Results

The average age of the 69 patients included in the study
was 72.3 years (SD £ 7.2). Fifty-six or 81.2% (95% CI:
71.9-90.4) patients were women. In 44 patients or 63,8%
(IC95%: 52.4-76.5), the operated shoulder was the right
one. The upper limb was dominant in 65.2% (95% CI:
54-76.5) of the cases.

The median of baseplate inferior inclination was mea-
sured by Radiologist 1 at 4.20°, while the median of the
version was 2.40° of retroversion (P =0.006).
Radiologist 2 evaluated the median of the inferior base-
plate inclination at 5.20°, while the median of the version
was 3.50° of retroversion (P =0.182) (Table 3).

Radiologists 1 and 2 verified the baseplate position
within 2mm of the inferior glenoid rim in 97.1% (67
patients) and 95.7% (66 patients) of the cases, respec-
tively. There was no statistical difference between
patients with and without GBD (P=0.540 and
P >0.999) according to Radiologist 1 and 2, respective-
ly. There was a 92.8% agreement between the analyses
of both radiologists [Kappa =0.57 (95% CI: 0.31-0.81);
P <0.001].

Radiologists 1 and 2 verified that the baseplate incli-
nation was within the angulation from 0° to 10°
inferior tilt regarding the Friedman Line in 82.6% (57
patients) and 81.2% (55 patients)of the cases. There
was no statistical difference between patients with
and without GBD, P =0.740 verified by Radiologist 1,

and (p=0.352) by Radiologist 2. There was a
78.2% agreement between the analyses of both
radiologists [Kappa=0.27 (95% CI. 0.011-0.55);
P=0.026].

Radiologist 1 verified that the baseplate version was
within the angular arc of 2° anteversion and 9° retrover-
sion in relation to the Friedman Line in 69.6% of the
cases (48 patients) and there was no statistical difference
between patients with and without GBD (p=0.513).
Radiologist 2 results of the same baseplate position
were 56.5% of the cases (39 patients), with no statistical
difference between patients with and without GBD
(p=0.773). There was a 72.3% agreement between the
analyses of both radiologists [Kappa=0.42 (95% CI:
0.21-0.63); P <0.001].
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Table 3. Variables, Frequency, and Confidence Interval in Grades, p-Value.

Variable

Radiologist | Median in Grade [CI ¢55]

Baseplate Inclination
Baseplate Version

4.20 [2.00, 6.90]
—2.40 [-3.50, 2.60]

Radiologist 2 Median in Grade [Cl g55] P
5.20 [2.50, 7.40] 0.1828
—3.50 [—7.00, 2.20] 0.0063

*Wilcoxon signed rank test.

Figure I. ATomographic Image of the Shoulder With The Upper
Screw Reaching the Base of the Coracoid Process.

Radiologists 1 and 2 verified that the upper screw
reached the base of the coracoid process in 71% of the
cases (49 patients) and 79.7% of the cases (55 patients),

respectively. There was no statistical difference
between patients with and without GBD (P =0.090)
and(P=0.537) reported by Radiologist 1 and 2,
respectively. There was an 85.5%  agreement
between the analyses of both radiologists
[Kappa=0.61 (95% CI: 0.40-0.83); P <0.001],

Figures 1 and 2. Radiologist 1 considered that there
was a tendency, although not significant, of greater
error probability in the positioning of the superior
screw in patients with GBD.

Radiologists 1 and 2 verified that the inferior screw
remained inside the scapula in 88.4% of the cases (61
patients) and 84.1% of the cases (58 patients), respec-
tively. There was no statistical difference between
patients with and without GBD (P>0.999) and
(P =0.496) reported by Radiologists 1 and 2, respective-
ly. There was a 92.8% agreement between the analyses

Figure 2. A Tomographic Image of the Shoulder With the Upper
Screw Off the Base of the Coracoid Process.

Figure 3. A Tomographic Image of the Shoulder With the Lower
Screw Inside the Body of the Scapula.

of both radiologists (Kappa =0.70 (95% CI: 0.45-0.94);
P <0.001) (Figures 3 and 4).

Radiologists 1 and 2 observed the positioning of the
metallic peg of the baseplate and considered it intraoss-
eous without perforating the medial cortex of the scap-
ula in 88.4% of the cases (61 patients) and 72.5% of the
cases (50 patients), respectively. There was no statistical
difference between patients with and without GBD
(P>0.999) and (P=0.730), reported by Radiologists 1
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and 2, respectively. There was an 84.1% agreement
between the analyses of both radiologists
[Kappa=0.51, (95% CI: 0.28-0.74); P < 0.001].

In summary, both radiologists concurred in their
interpretation reasonably. The comparison between
their analyses is shown in Table 4.

Discussion

The clinical outcome and durability of RSA are related
to several factors, among which the baseplate correct
positioning and fixation are particularly important.>>
Regarding the clinical result, the correct positioning
of the baseplate influences the stability,'™'® and the
range of movement recovered by the patient.'® Gulotta

Figure 4. A Tomographic Image of the Shoulder With the Lower
Screw Outside of the Body of the Scapula.

et al.,'"* in their cadaver study, found that baseplate

placement at 0° to 20° of retroversion allowed the
medial rotation of the superior limb necessary for daily
living activities. Increased retroversion of the baseplate
leads to a decrease in lateral rotation and extension of
the upper limb; however, it improves medial rotation.'”
The ideal arc of motion was most frequently reached
when the baseplates were positioned between the neutral
position and the 5° of retroversion.'® In our study, we
did not assess the patients’ range of motion or clinical
results.

Regarding the durability of the RSA, there is a high
rate of complications related to early loosening of the
baseplate screws.® ® Objectifying an adequate initial fix-
ation of the baseplate is probably the main factor
influencing the procedure’s durability.?*>® In the litera-
ture review, the main factors responsible for reducing the
RSA durability are considered to be the use of unlocked
screws and the need to use a bone graft in the gle-
noid.>*?” The GBD have received special importance
in their role in influencing the durability of arthroplas-
tieg 6-810.11.13

The acquired bone defects present a challenge to the
surgeon” %1122 and may be present in up to 40% of
patients.’**® According to Klein et al., the first challenge
is their preoperative recognition and evaluation.”®?!
Therefore, classifications identifying the different types
and characteristics of bone defects have been devel-
oped,?>**3132 and the correct preoperative evaluation
of the patients submitted to RSAZ3! is discussed.
Preoperative assessment with simple radiography is con-
sidered insufficient®' and may lead to positioning errors
of up to 10° of angulation.'> The superiority of the
tomographic evaluation over the radiography is

Table 4. Columns: Rated Parameter, Number of Cases, and Frequency Measured by Radiologist |, Number of Cases and Frequency
Measured by Radiologist 2, Agreement Percentage, Kappa Frequency and Confidence Interval, Kappa p. Lines: Rated Parameter, the
Respective Number of P-Comparing Cases With and Without Glenoid Bone Deformity (GBD).

Radiologist Radiologist Kappa Value
Rated Parameter I n (%) 2 n (%) % Agreement [95% CI] P Kappa
Baseplate-glenoid inferior symmetry 67 (97.1) 66 (95.7) 92.8 0.57 [0.31, 0.81] <0.001
With or without GBD P=0.5396" P>0.9999"
Baseplate inclination 57 (82.6) 55 (81.2) 782 0.27 [-0.011, 0.55] 0.026
With or without GBD P = 0.7402% P=0.3523°
Baseplate version 48 (69.6) 39 (56.5) 723 0.42 [0.21, 0.63] <0.001
With or without GBD P=0.5134 P=0.7732
Superior screw position 49 (71.0) 55 (79.7) 85.5 0.61 [0.40, 0.83] <0.001
With or without GBD P = 0.0900 P =0.5371°
Inferior screw position 61 (88.4) 58 (84.1) 92.8 0.70 [0.45, 0.94] <0.001
With or without GBD P>0.9999 P=0.4964
Intraosseous location of baseplate peg 61 (88.4) 50 (72.5) 84.1 0.51 [0.28, 0.74] <0.001
With or without GBD P > 0.9999* P=0.7305

?Fisher exact test.
ClI: confidence interval; GBD: glenoid bone deformity.
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described in the literature, with volumetric CT being
superior to the non-volumetric CT.® The most accurate
way to evaluate the glenoid bone in the preoperative
period of patients submitted to RSA seems to be volu-
metric CT,? because of the possibility of revealing the
relationship between the joint and the entire scapula
body, and including this data in specific surgical plan-
ning software. Iannotti et al.>* developed and validated a
volumetric CT method to evaluate the positioned com-
ponents of total shoulder arthroplasties, which we used
in our study while searching the correlation of various
factors involved in the durability of the fixation of the
baseplate implant with the presence of GBD.

The quality, the characteristics of the design, and the
coating of the chosen implant are important in the initial
fixation of the baseplate. In this regard, there is an
investment involved, and the influence of the developer’s
company of each implant is significant.'®**% In our
study, we used a single implant brand to avoid
selection bias.

The positioning of the baseplate in line with the lower
border of the glenoid bone is implicated in reducing
notching, decreasing bone resorption, and consequently
improving the implant durability.’®*® The Exactech
brand baseplate used in our study is recommended to
be positioned on the lower edge of the glenoid. We
found that the surgeons’ ability to correctly position
the baseplate in relation to the inferior glenoid, even
without intraoperative 3D technology, is excellent
(Radiologist 1 and 2 measurements reported 97.1%
and 95.7% respectively, and were not influenced by the
GBD). One possible reason, explaining this fact is that
this step does not depend on the surgeon’s spatial knowl-
edge of the scapula assessment.

As previously mentioned, baseplate inclination
implies stability and movement,'®'*'®% but is also
cited as a durability factor in the RSA procedure.**#%4!
The literature considers as normal a glenoid inclination
between 4° and 12° inferior tilt.*** Biomechanical stud-
ies suggest that the superior slope of the reverse base-
plates increases the tensile force on the implant during
the contraction of the deltoid muscle and may lead to
early aseptic loosening.***' In our study, we considered
the baseplates fixed within an angular arc 0°-10° of infe-
rior tilt as positioned within acceptable parameters,
according to the literature.®* Radiologist 1 found
82.6% and Radiologist 2 found 81.2% of the baseplates
well-positioned, although there was no agreement
between them. No positional worsening was found in
the baseplates placed on GBD.

Also mentioned above, the baseplate version relates
to the arch of movement,'®'*!® but is also cited as a
durability factor in the RSA procedure.** There are sev-
eral studies in the literature that have tried to identify the
version considered normal for human glenoid

bone.?*?** 46 In general, the angular arc considered
normal comprises the angulation between 5° of antever-
sion and 15° of retroversion of the glenoid.* The angu-
lation above 15° retroversion is considered a risk factor
for early aseptic loosening.*® In our study, we considered
the baseplates fixed within the angular arc at 2° of ante-
version and 9° of retroversion as being positioned within
the acceptable parameters according to the literature.
Radiologist 1 found only 69.6% and Radiologist 2
found 56.5% of the baseplates well-positioned, suggest-
ing a difficulty in reaching the ideal version of baseplate
positioning while working without intraoperative 3D
technology. Reports in the literature refer to greater dif-
ficulty in identifying and correcting bone deformities in
the trans-operative period and a tendency among sur-
geons to hypercorrect the retroversion.!'**> Our research
did not identify any statistically-correlated less advanta-
geous position of the baseplates placed in GBD, even
though about 1/2 to 1/3 of the baseplates were posi-
tioned outside the ideal parameters established in the
literature.

The end point of the upper screw reaching the bony
mass of the base of the coracoid process is critical for the
initial fixation of the baseplate. It may improve the dura-
bility of the implant since most of the RSA are per-
formed in patients with advanced age and poor bone
quality.?®*” Studies suggest that the surgeon should
target the identified best bone-quality points of the scap-
ula.*"*” Stephens et al.'* reported that a baseplate pre-
viously rotated 11° made it easier for the screws to reach
the base of the coracoid and the body of the scapula. In
our study, the baseplate was positioned on the glenoid
axis, without any adaptive rotation. Radiologist 1 and 2
verified that 71% and 79.7% of the upper screws, respec-
tively, reached the goal of the base of the coracoid.
These findings also suggested a technical difficulty in
reaching the basis of the coracoid while working without
3D technology. No statistical correlation was found
between superior screws placed on GBD, even though
about 1/3 of the upper screws did not reach the base of
the coracoid process.

The end point of the inferior screw within the narrow
body of the scapula is also considered critical for the
initial fixation of the reverse baseplate.41 However, the
use of locked screws reduces the need for this screw to be
completely intraosseous.*' It was verified by Radiologist
1 and 2 that 88.4% and 84.1% of the lower screws,
respectively, reached the goal of remaining inside the
scapula. No worsening in the positioning of the inferior
screw was found in the GBD.

The maintenance of the polyethylene anatomical gle-
noid pegs within the scapula (vault) bone is controversial
in relation to the clinical outcome and the shoulder
arthroplasties durability.** > In anatomical total shoul-
der arthroplasties, retroversion correction with excessive
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reaming leads to a medialization of the articular surface
and an increased risk of perforation of the scapula
medial cortex by the implant.® In the case of RSA,
the stress forces on the baseplate are even stronger and
deleterious to the initial fixation and longevity of the
component.® Frankle et al. suggested that when the
glenoid depth is <25mm in the preoperative planning,
implantation of an RSA should be avoided due to the
high risk of early loosening of the baseplate.”* In our
study, Radiologists 1 and 2 verified 88.4%, and 72.5%
of the metallic baseplate pegs, respectively, achieved the
objective of not violating the scapula medial cortex. The
violation of the scapula medial cortex was not found to
be more frequent in RSA with GBD.

In the literature, the spatial intraoperative scapula
assessment is considered ideal in improving the position-
ing of the shoulder arthroplasties” implants.”*!" Venne
et al..® in a cadaveric study, simulated RSA surgeries
with and without computerized planning and verified
better accuracy in the components’ angular positions
as well as in the endpoints of the screws, especially the
lower screw when 3D technology was used. The surgeon
did not need navigation to properly make the entry point
of the baseplate and the entry point of the screws.
Likewise, in our study, there was no difficulty in the
correct positioning of the baseplate near the lower sur-
face of the glenoid. We determined through our research
that there was a loss of accuracy in the positioning of the
implants if spatial knowledge of the scapula was neces-
sary. Similar findings were verified by Berhouet et al.,'
simulating surgeries in 3D reconstruction models. We
believe that with the evolution of surgical techniques,
the implant positioning would improve, providing
extended durability and better clinical outcomes for
patients, although certain cost increase is inevitable.
Our study demonstrated that visualization of the glenoid
without spatial knowledge of the scapula (3D) was insuf-
ficient to achieve excellence in the baseplate implant
positioning. We consider the small number of cases as
a limitation of our study.

Conclusion

Our study verified that the reverse baseplates positioning
without the support of intraoperative 3D technology is
within the acceptable parameters of the reviewed litera-
ture in terms of its placement close to the lower glenoid
rim, inclination of the baseplate, positioning of the infe-
rior screw, and the capacity to maintain the metallic peg
of the baseplate intraosseous.

About 1/3 of the baseplates were positioned outside
the recommended version in the literature, and 1/3 of the
upper screws did not reach the base of the coracoid.

Glenoid bone deficiency did not interfere with base-
plate positioning in the Reverse Shoulder Arthroplasty.
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