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Abstract: The purpose of this study was to investigate how lateralization shoulder angle (LSA) and
distalization shoulder angle (DSA) are related to clinical and kinematic outcomes after reverse total
shoulder arthroplasty. Thirty-three patients were evaluated at least six months postoperatively. The
Single Assessment Numeric Evaluation (SANE), Constant Murley Score (CMS), Simple Shoulder
Test (SST), and Visual Analogue Scale (VAS) were used. Shoulder kinematics was evaluated with
a stereophotogrammetric system. LSA and DSA inter-rater reliability was analysed through the
interclass correlation coefficient (ICC). Stepwise forward linear regression analysis was conducted
between LSA and DSA with clinical scales and kinematic measures, between which a correlation anal-
ysis was conducted. The inter-rater reliability for LSA (mean ICC = 0.93) and DSA (mean ICC = 0.97)
results were good to excellent. Greater LSA values were associated with higher peaks of internal
rotation (p = 0.012, R2 = 0.188) and range of motion (ROM) (p = 0.037, R2 = 0.133). SANE (p = 0.009),
CMS (p = 0.031), and SST (0.026) were positively correlated to external rotation, while VAS (p = 0.020)
was negatively related. Abduction peaks were positively related to CMS (p = 0.011) and SANE
(p = 0.037), as well as abduction ROM (SANE, p = 0.031; CMS, p = 0.014).

Keywords: reverse shoulder arthroplasty; shoulder; biomechanics; lateralization; distalization; DSA;
LSA; clinical outcomes; kinematic outcomes

1. Introduction

Reverse total shoulder arthroplasty (RTSA) is one of the most common surgical pro-
cedures performed in patients affected by several shoulder diseases, such as irreparable
rotator cuff tears, rotator cuff arthritis, and fixed shoulder instability [1–3].

In the USA, the number of RTSAs performed annually increased by 191.3%, reaching
63,845 surgeries in 2017 [4]. In Italy, shoulder replacements’ incidence increased from 7.5 to
21.7 cases per 100,000 residents [5]. Moreover, RTSA volumes will continue to increase [4,5].

Lateralization and distalization of prosthetic implants were previously identified as
two main influencing factors affecting shoulder biomechanics after surgery [6,7]. Lateral-
ization and distalization have an impact on the position of the new center of rotation of
the joint, the forces at the bone–implant interface, the implant stability, and the deltoid’s
lever arm and pre-tensioning [6,7]. The overall lateralization and distalization are due to
the design and size of the components of the implant, their positioning, and the surgical
technique [7,8]. A surgical technique used to increase lateralization is the BIO-RSA, which
consists of placing a bone graft between the baseplate and the glenoid [6,7,9].
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Nowadays, preoperative 3D planning allows the surgeon to use a 3D model of the pa-
tient’s scapula, created through a preoperative CT scan, to test different sizes and positions
of the implant’s components [10–12]. The preoperative plan is then uploaded to computer-
assisted intraoperative navigation software that guides the surgeon in positioning the
implant [10–12]. These software techniques can increase accuracy and precision in the base-
plate and screw positioning and influence surgical choices; however, the decision-making
process is still based on the surgeon’s experience [10–13].

Previous studies investigated how different radiographic measures of lateralization
and distalization could be related to clinical and kinematic outcomes after RTSA [7,14–18].
Lateralization shoulder angle (LSA) and distalization shoulder angle (DSA) were shown
to be easily available and reproducible measures that provide an estimation of the overall
lateralization and distalization with respect to anatomical reference points [14–16]. Higher
LSA values were found to be related to increased internal/external rotation and forward
elevation [14–16]. In addition, higher DSA values were found to be associated with higher
forward elevation [15]. Moreover, from previous correlation analyses, LSA was found to
be related to the Constant Murley Score (CMS), Simple Shoulder Test (SST), and Single
Assessment Numeric Evaluation (SANE), while DSA was never correlated to clinical
scales [14,15].

The objective of this study was to figure out how LSA and DSA are related to shoulder
kinematics and clinical outcomes after RTSA. Our hypothesis was that LSA would corre-
late with higher internal–external rotation and shoulder elevation, while DSA would be
associated with higher shoulder elevation. Moreover, the relationship between shoulder
kinematics and clinical outcomes after RTSA was evaluated.

2. Materials and Methods
2.1. Study Design

In this study, 33 patients undergoing RTSAs between 2021 and 2022 were enrolled.
The study group consisted of 19 females (57.58%) and 14 males (42.42%) with a mean age at
surgery of 73 years (range from 50 to 85 years) and a mean follow-up of 14 months (range
from 6 months to 2 years). Patients’ BMI ranged from 18.75 to 38.67, with a mean value of
27.29. Inclusion criteria were age between 50 and 85 years, no alteration of mental state,
ability to return to the hospital for medical evaluation (clinical and radiologic), radiographic
diagnosis of rotator cuff tear arthropathy, massive irreparable rotator cuff tear, and primary
glenohumeral osteoarthritis. Exclusion criteria were neuromotor disorders, diagnosis of
rheumatoid arthritis or inflammatory arthritis, fracture or necrosis of the humeral head,
fracture sequelae of the humeral head, presence of cancer in the treated area, revision of a
previous shoulder prosthetic implant, and less than six months of follow-up. All subjects
approved and signed informed consent forms before participating in this study. Approval
for this study was obtained from the local Ethical Committee (protocol 15.21 (OSS)).

2.2. Prosthetic Implant Design and Surgical Procedure

All procedures were performed via a deltopectoral approach using an Aequalis Tornier
reverse-type prosthesis (Wright Medical Group Inc., Memphis, TN, USA) with the BIO-RSA
technique. The prosthetic design was the Aequalis Reverse II on the glenoid side, and
the Aequalis Ascend™ Flex on the humeral side. For all patients, the glenosphere’s tilt
was 0◦. The overall humeral neck shaft angle (NSA) was 145◦, given by the sum of the
humeral stem angle (132.5◦) and the insert angle (12.5◦). The glenosphere’s diameter and
eccentricity and humeral retroversion are available in Table 1.
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Table 1. Surgical technique and implant characteristic variables.

Subject Humeral
Retroversion (◦)

Eccentricity
(mm)

Glenosphere
Diameter (mm) LSA (◦) DSA (◦)

1 10 3.5 39 93.03 48.96
2 10 1.5 36 82.98 62.46
3 10 1.5 36 80.94 56.62
4 20 1.5 36 89.94 57.79
5 10 3.5 39 91.68 34.46
6 10 1.5 36 81.06 54.10
7 30 3.5 39 89.97 53.14
8 10 1.5 36 81.18 53.38
9 10 1.5 36 76.70 59.10
10 20 3.5 36 84.23 57.84
11 20 3.5 39 72.32 70.66
12 10 1.5 36 86.07 52.65
13 10 3.5 39 94.75 35.80
14 10 3.5 42 93.24 45.71
15 20 1.5 36 80.18 51.68
16 10 1.5 36 83.62 59.01
17 10 3.5 36 78.23 51.48
18 20 1.5 36 90.76 41.25
19 10 1.5 36 88.56 59.00
20 10 3.5 39 54.87 102.37
21 10 3.5 39 79.31 60.19
22 10 1.5 36 89.44 47.43
23 10 1.5 36 96.62 31.15
24 10 1.5 36 81.49 57.34
25 20 3.5 36 70.56 72.10
26 10 1.5 36 73.74 63.43
27 10 3.5 42 89.38 45.72
28 10 3.5 39 84.32 55.95
29 10 3.5 39 77.68 63.40
30 10 3.5 42 77.71 55.02
31 10 1.5 36 77.04 64.03
32 20 1.5 36 88.90 54.97
33 10 1.5 36 73.40 72.62

LSA: lateralization shoulder angle; DSA: distalization shoulder angle.

2.3. Radiographic Evaluation

LSA and DSA were measured on true anteroposterior Grashey view radiographs
collected at the postoperative follow-up (Figure 1a) [19]. LSA is the angle formed by a
line connecting the superior glenoid tubercle and the most lateral border of the acromion
and a line connecting the latter point and the most lateral border of the greater tuberosity
(Figure 1b) [14]. DSA is the angle formed by a line connecting the most lateral border
of the acromion and the superior glenoid tubercle and a line connecting the latter point
and the most superior border of the greater tuberosity (Figure 1c) [14]. Measurements on
radiographic images were made by two independent clinicians (G.P., M.E.C.) to assess the
inter-rater reliability.
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Figure 1. (a) True anteroposterior Grashey view radiography. This requires placing the patient in 
front of the X-ray beam with the glenoid rim tangential to them, so the shoulder is placed in an 
ipsilateral posterior oblique position. Radiographic indexes measured on anteroposterior Grashey 
view; (b) lateralization shoulder angle (LSA); (c) distalization shoulder angle (DSA). 

2.4. Clinical and Kinematic Data 
For clinical evaluation, the CMS, SST, and SANE scales were administered by the 

same clinician (M.E.C.) [20,21]. For pain investigation, the Visual Analogue Scale (VAS) 
(range: 0–10) was used [20]. 

The kinematic evaluation was performed using the Qualisys™ 
stereophotogrammetric system (Qualisys AB, Gothenburg, Sweden). Ten Miqus M3 
cameras (sampling frequency, 100 Hz) and two Miqus Videos (sampling frequency, 25 
Hz) were used to acquire markers’ (diameter, 8 mm) trajectories during the execution of 
tasks. 

Sixteen markers were placed on anatomical landmarks through a palpation 
procedure performed by the same researcher (A.C.), following the ISB recommendations 
(Figure 2) [22]. Five rectangular-shaped clusters of four markers were placed on the 
thorax, humeri, and forearms for dynamic tracking (Figure 2) [23]. 

 
Figure 2. Anatomical markers placed following ISB recommendations: incisura jugularis (IJ); 
processus xiphoideus (PX); acromioclavicular joint (left/right) (AC); processus coracoideus 
(left/right) (PC); medial epicondyle (left/right) (ME); lateral epicondyle (left/right) (LE); radial 
styloid (left/right) (RS); ulnar styloid (left/right) (US); processus spinosus C7 (C7); processus 
spinosus T8 (T8). Rectangular-shaped clusters of markers placed on the thorax, upper arms, and 
forearms (bilaterally). 

Figure 1. (a) True anteroposterior Grashey view radiography. This requires placing the patient in
front of the X-ray beam with the glenoid rim tangential to them, so the shoulder is placed in an
ipsilateral posterior oblique position. Radiographic indexes measured on anteroposterior Grashey
view; (b) lateralization shoulder angle (LSA); (c) distalization shoulder angle (DSA).

2.4. Clinical and Kinematic Data

For clinical evaluation, the CMS, SST, and SANE scales were administered by the same
clinician (M.E.C.) [20,21]. For pain investigation, the Visual Analogue Scale (VAS) (range:
0–10) was used [20].

The kinematic evaluation was performed using the Qualisys™ stereophotogrammetric
system (Qualisys AB, Gothenburg, Sweden). Ten Miqus M3 cameras (sampling frequency,
100 Hz) and two Miqus Videos (sampling frequency, 25 Hz) were used to acquire markers’
(diameter, 8 mm) trajectories during the execution of tasks.

Sixteen markers were placed on anatomical landmarks through a palpation procedure
performed by the same researcher (A.C.), following the ISB recommendations (Figure 2) [22].
Five rectangular-shaped clusters of four markers were placed on the thorax, humeri, and
forearms for dynamic tracking (Figure 2) [23].
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Figure 2. Anatomical markers placed following ISB recommendations: incisura jugularis (IJ); proces-
sus xiphoideus (PX); acromioclavicular joint (left/right) (AC); processus coracoideus (left/right) (PC);
medial epicondyle (left/right) (ME); lateral epicondyle (left/right) (LE); radial styloid (left/right) (RS);
ulnar styloid (left/right) (US); processus spinosus C7 (C7); processus spinosus T8 (T8). Rectangular-
shaped clusters of markers placed on the thorax, upper arms, and forearms (bilaterally).
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Markers’ trajectories were acquired and pre-processed in Qualisys Track Manager
(QTM) software (v2022.8.5.0, Qualisys AB, Gothenburg, Sweden). Then, the 3D markers’
positions were imported into Visual 3D (C-Motion, Inc., Germantown, MD, USA) for
kinematic model definition and kinematic analysis through a custom pipeline. Anatomical
markers were used to determine the local coordinate system and orientation of the thorax
and humeri [22].

The motion protocol included one static trial and five clinically relevant movements.
The static trial consisted of maintaining the N-pose for 3 s, with arms down at the sides
and palms facing inward. The dynamic tasks included elevations in the sagittal (Task 1),
scapular (Task 2), and frontal (Task 3) planes, and two functional tasks, namely hand-to-
nape (Task 4) and hand-to-back (Task 5). Patients were asked to perform five repetitions of
each movement at a self-selected speed, up to the maximum possible ROM, without any
pain condition. All five movements were performed bilaterally to avoid any undesired
compensatory trunk movement. Only data from the affected side were further analyzed.
The humerus orientation was expressed relative to the thorax. The rotation sequences used
to evaluate humerothoracic (HT) angles were flexion–extension (FE), abduction–adduction
(AA), and internal–external rotation (IER) (XYZ sequence in Visual 3D) for movements in
the sagittal plane (Task 1) and AA, FE, and IER (YXZ sequence in Visual 3D) for movements
in the frontal and scapular planes (Task 2 to Task 5) [24,25]. For all patients, the three central
repetitions in the sagittal (FE), scapular (SCAP), and frontal (ABD) planes were selected
for Task 1, Task 2, and Task 3, respectively. Similarly, the three central repetitions of the
external rotation (ER) and abduction (ABD_HN) and internal rotation (IR) and abduction
(ABD_HB) were selected for Task 4 and Task 5, respectively. For all tasks, the peak angles
and ROMs used for subsequential analysis were calculated as the mean of the peak values
and ROMs of the three central repetitions. ROM was defined as the difference between the
maximum peak and the previous minimum.

2.5. Statistical Analysis

An inter-rater reliability analysis was conducted for the LSA and DSA indexes using
the interclass correlation coefficient (ICC), with a 95% confidence interval. A mean rating
(k = 2), absolute agreement, 2-way random ICC model was used. ICC values lower than
0.5 correspond to poor reliability; values between 0.5 and 0.75 correspond to moderate
reliability; values between 0.75 and 0.9 correspond to good reliability; values greater than
0.9 correspond to excellent reliability [26].

A stepwise forward linear regression analysis between clinical or kinematic outcome
measures and radiographic measurements was conducted. A correlation analysis was
also conducted between clinical scores and HT peak angles. Pearson’s correlation was
used in the case of normality of both distributions, and Spearman’s correlation was used
otherwise [27,28]. The normality of the distributions was evaluated through the Shapiro–
Wilk test. The statistical analyses were conducted using the software SPSS statistics v26
(IBM, SPSS, Inc., Chicago, IL, USA).

All analyses were performed by setting a level of statistical significance of p < 0.05 and
a confidence interval of 95%.

3. Results

The inter-rater reliability analysis resulted in a good to excellent reliability for the LSA
index (ICC mean: 0.93, range: 0.86–0.97) and an excellent reliability for the DSA index
(ICC mean: 0.97, range: 0.95–0.99). Overall, the functional results—reported in terms
of peak values—showed FE equals 143.3◦ ± 18.1◦ during elevation in the sagittal plane
(Task 1), SCAP equals 131.4◦ ± 17.0◦ during elevation in the scapular plane (Task 2), ABD
equals 132.2◦ ± 23.9◦ during elevation in the frontal plane (Task 3), ER equals 69.6◦ ± 20.9◦

and ABD_HN equals 128.1◦ ± 17.0◦ during the hand-to-nape task (Task 4), and IR equals
−40.1◦ ± 17.8◦ and ABD_HB equals 37.4◦ ± 10.7◦ during the hand-to-back task (Task 5).
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Greater LSA values were associated with higher peaks of IR, evaluated as negative
values (βunstandardized = −0.90, 95% CI: −1.58 to −0.21, p = 0.012, R2 = 0.188) and higher IR
ROM (βunstandardized = 0.58, 95% CI: −0.04 to 1.13, p = 0.037, R2 = 0.133) (Figure 3). LSA and
DSA were not associated with other kinematic variables and clinical scores. Indeed, the
two indexes were not considered statistically significative variables and were not included
in the fitting model during the forward selection process.
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Figure 3. Stepwise forward linear regression analysis between lateralization shoulder angle (LSA) as
independent variable and (a) peaks and (R2 = 0.188, p = 0.012) (b) range of motion (ROM) (R2 = 0.133,
p = 0.037) for internal rotation during the hand-to-back task.

From the Shapiro–Wilk test, all clinical scales were found to be not normally dis-
tributed, so Spearman’s correlation analysis was carried out to evaluate the correlation
between clinical scores and kinematic outcomes. ER peak angles showed a significant
negative relation with VAS (r = −0.404, p = 0.020) and a positive one with all the other
clinical scales (SANE: r = 0.449, p = 0.009; CMS: r = 0.376, p = 0.031; SST: r = 0.388, p = 0.026)
(Table 2). ABD peak angles were significantly related to SANE (r = 0.365, p = 0.037) and
CMS (r = 0.435, p = 0.011) (Table 2). Also, ABD ROM showed a positive correlation to both
SANE (r = 0.377, p = 0.031) and CMS (r = 0.426, p = 0.014) (Table 3). There was no other
significant correlation between kinematics and clinical outcomes.

Table 2. Spearman’s correlation analysis between clinical outcomes and peak angles.

Peaks
VAS SANE CMS SST

r p r p r p r p

FE 0.138 0.444 0.105 0.561 0.083 0.645 −0.009 0.962
SCAP −0.013 0.943 0.132 0.463 0.022 0.901 −0.045 0.805
ABD −0.026 0.885 0.365 0.037 * 0.435 0.011 * 0.320 0.070

ABD_HN −0.233 0.193 0.018 0.920 0.046 0.798 0.009 0.961
ER −0.404 0.020 * 0.449 0.009 * 0.376 0.031 * 0.388 0.026 *

ABD_HB 0.151 0.401 0.202 0.912 0.209 0.244 0.165 0.358
IR −0.237 0.184 −0.066 0.714 −0.129 0.473 −0.067 0.710

* Statistically significant correlation (p < 0.05). VAS: Visual Analogue Scale; SANE: Single Assessment Numeric
Evaluation; CMS: Constant Murley Score; SST: Simple Shoulder Test; FE: flexion–extension, elevation in the sagittal
plane; SCAP: scaption, elevation in the scapular plane; ABD: abduction, elevation in the frontal plane; ABD_HN:
abduction during hand-to-nape task; ER: external rotation during hand-to-nape task; ABD_HB: abduction during
hand-to-back task; IR: internal rotation during hand-to-back task.
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Table 3. Spearman’s correlation analysis between clinical outcomes and ROMs.

ROMs
VAS SANE CMS SST

r p r p r p r p

FE 0.099 0.582 0.121 0.503 0.043 0.813 −0.012 0.948
SCAP −0.078 0.644 0.261 0.142 0.015 0.934 0.017 0.927
ABD −0.057 0.753 0.377 0.031 * 0.426 0.014 * 0.293 0.098

ABD_HN −0.225 0.209 0.106 0.556 0.027 0.883 0.023 0.889
ER −0.156 0.385 0.239 0.180 0.194 0.280 0.165 0.359

ABD_HB 0.040 0.827 0.134 0.459 0.158 0.381 0.191 0.287
IR 0.198 0.269 0.257 0.150 0.173 0.335 0.182 0.311

* Statistically significant correlation (p < 0.05). VAS: Visual Analogue Scale; SANE: Single Assessment Numeric
Evaluation; CMS: Constant Murley Score; SST: Simple Shoulder Test; FE: flexion–extension, elevation in the sagittal
plane; SCAP: scaption, elevation in the scapular plane; ABD: abduction, elevation in the frontal plane; ABD_HN:
abduction during hand-to-nape task; ER: external rotation during hand-to-nape task; ABD_HB: abduction during
hand-to-back task; IR: internal rotation during hand-to-back task.

4. Discussion

Identifying easily available and reproducible indexes of lateralization and distalization
related to RTSA outcomes could provide surgeons with guidelines about optimal implant
positioning.

The results of this study showed that LSA (ICC mean: 0.93, range: 0.86–0.97) and
DSA (ICC mean: 0.97, range: 0.95–0.99) have good to excellent inter-rater reliability. In
previous studies, LSA and DSA showed moderate–good to excellent reliability, with an
ICC mean value from 0.78 to 0.84 for LSA and from 0.66 to 0.81 for DSA [14,15]. Although
LSA and DSA showed acceptable reproducibility as indexes derived from radiographic
measurements, care must be taken in the interpretation of the results. Indeed, these angular
measurements estimate humeral lateralization and distalization after RTSA with respect
to the acromion and glenoid. Moreover, the LSA and DSA are correlated with each other;
indeed, a lower LSA, i.e., more medial placement of the prosthetic implant, corresponds to
a greater DSA, i.e., greater distance between the humerus and acromion [14].

In accordance with our hypothesis, LSA values were positively associated with IR.
Indeed, higher values of LSA led to greater IR peak values (βunstandardized = −0.90, p = 0.012,
R2 = 0.188) and ROMs (βunstandardized = 0.58, p = 0.037, R2 = 0.133) after RTSA. Erickson
et al. also found a positive relationship between LSA and IR, showing IR increase with a
greater LSA (p = 0.007) [16]. In addition, Erickson et al. showed increased IR corresponding
to greater lateralization, also considering other measures besides LSA, namely the distance
between the acromion and the glenosphere (p = 0.005) and the distance between the
acromion and the greater tuberosity (p = 0.021) [16]. In contrast, Boutsiadis et al. found
no statistically significant linear regression between LSA and shoulder IR (R2 = 0.010,
p = 0.490) [14]. These differences in results could be explained by existing differences
in surgical procedures. Indeed, restoring IR after RTSA could depend on subscapularis
repair and postoperative tendon quality [29,30]. With an intact subscapularis, lateralization
could increase the moment arm of the rotator cuff muscles and, consequently, IR [31]. In
Erickson et al.’s and Boutsiadis et al.’s studies, part of the cohort had their subscapularis
repaired [14,16]. In our study, the subscapularis tendon was repaired in all the patients.

In contrast with our hypothesis, LSA and DSA did not show any association with
shoulder elevation. Similar to previous studies, no statistically significant linear regression
was found between LSA and active shoulder abduction [14,15]. This could be due to the
glenosphere’s eccentric positioning, which could decrease the effect of lateralization on
abduction [32]. According to our study, Boutsiadis et al. found no statistically significant
linear regression between active abduction and LSA (R2 = 0.04, p = 0.28) or DSA (R2 = 0.09,
p = 0.45) [14]. Similarly, Berthold et al. found no significant correlations between active
abduction and LSA (r = 0.030, p = 0.824) or DSA (r = 0.145, p = 0.283) [15]. In contrast to our
study, Boutsiadis et al. found a positive linear regression between LSA and postoperative
forward elevation (R2 = 0.2, p = 0.008) and an inverse linear regression between DSA and
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forward elevation (R2 = 0.2, 0 = 0.004) [14]. Berthold et al. found a significant correlation
between final forward elevation and LSA (r = −0.276, p = 0.033) and DSA (r = 0.299,
p = 0.02) [15]. These differences in results could be due to differences in the characteristics
of the implants, patients’ demographics, sample size, follow-up period, and acquisition
protocol. In the mentioned studies, the movement protocol and the HT angle measurement
methods were not always specified or were measured using a goniometer, and IR was
measured as the reached spinal level [7,8,14–16,33]. In the current study, HT angles were
analyzed through a stereophotogrammetric system, which allows objective and accurate
measurement [34]. The high heterogeneity among the studies in the literature makes direct
comparisons that could lead to unambiguous conclusions difficult. However, refining
diagnostic techniques, radiographic measurements, clinical–functional assessments, and
further investigating the relationship between prosthetic implant placement and clinical
outcomes may have important implications in clinical practice. Indeed, elucidating the
effect of distalization or lateralization on clinical outcomes in advance could positively
influence clinicians’ decision making in the management of patients requiring RTSA,
making treatment more patient-oriented according to a personalized care approach.

From the correlation analysis, CMS was positively correlated to ER (r = 0.376, p = 0.031),
ABD peak values (r = 0.435, p = 0.011), and ROM (r = 0.426, p = 0.014). Indeed, the CMS
questionnaire includes direct questions about ability in terms of execution of activities of
daily living (ADLs) and ROM [20]. Also, the SANE score was related to ER (r = 0.449,
p = 0.009), ABD peak values (r = 0.365, p = 0.037), and ROM (r = 0.377, p = 0.031). This is
in accordance with previous studies, where it was shown to be related to more extensive
clinical scales such as the American Shoulder and Elbow Surgeons (ASES) and CMS [21].
SST related only to ER peak values. SST is a score based on 12 “yes” or “no” questions;
therefore, it likely could not discriminate different stages of the postoperative RTSA con-
dition [20]. Moreover, SST is more susceptible to postoperative ceiling effects [35]. In our
study, patients with a limited ER reported higher pain values (r = −0.404, p = 0.020). This
may be explained because of changes in deltoid function and pathologies that affect rotator
cuff muscles, which make the ER one of the less repaired movements after RTSA [36].

Our study was retrospective with a small sample size, evaluated at heterogeneous
follow-ups ranging from a minimum of six months to a maximum of two years after
surgery. Moreover, our study did not consider postoperative rehabilitation programs nor
clinical–functional and structural assessment before surgery. Interpretation of the results
must also consider the inherent influence of soft-tissue artifacts in assessing shoulder
kinematics using a stereophotogrammetric system with passive photo-reflective markers.
In the present study, radiographic measures of LSA and DSA did not take into account
scapular tilting or the degree of humerus rotation. Future studies should include a larger
cohort to allow the inclusion of more influencing factors in the analysis. Indeed, implant
characteristics such as the glenosphere’s diameter, eccentricity, tilting, humerus rotation,
and scapular orientation are parameters that could influence the impingement-free motion
after surgery in internal and external rotation [7,37,38]. Moreover, comorbidity, shoulder
pathology, and patients’ demographics could also be influencing factors for clinical and
kinematic outcomes [39–41]. Furthermore, in future studies, patients with the same follow-
up of at least two years will be enrolled. Indeed, internal rotation and external rotation
are the two movements typically more affected by RTSA [7,31]. Kim et al. showed that
more than two years after surgery, IR and ER almost reached their maximum recovery [36].
For this reason, a large cohort of patients undergoing RTSA will be evaluated at the same
long-term follow-up to report clinically relevant results considering multiplanar functional
movements requiring significant shoulder IR and ER to be correctly executed, as typical
movements of ADLs.
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5. Conclusions

In conclusion, our study pointed out that positioning the prosthetic implant with
higher LSA values could lead to higher IR peak values and IR ROM after RTSA. However,
the association of LSA and DSA with other kinematic and clinical outcomes was not
statistically significant. Further studies are needed to assess the clinical significance of
these results because of the small sample available for this analysis and the great number
of variables that could influence RTSA outcomes.

Author Contributions: Conceptualization, U.G.L., E.F., E.S. and R.P.; methodology, U.G.L., E.F., A.C.,
G.P. and M.E.C.; software, A.C., E.S. and G.C.; validation, U.G.L. and R.P.; formal analysis, A.C. and
G.C.; investigation, E.F., A.C., G.C., G.P. and M.E.C.; resources, U.G.L. and R.P.; data curation, A.C.
and G.C.; writing—original draft preparation, A.C. and G.C.; writing—review and editing, U.G.L.,
E.F., A.C., E.S., G.C., G.P., M.E.C. and R.P.; visualization, E.S.; supervision, U.G.L. and R.P.; project
administration, U.G.L., E.S. and R.P.; funding acquisition, R.P. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the local Ethical Committee (protocol 15.21 (OSS)).

Informed Consent Statement: Informed consent was obtained from all subjects involved in this
study.

Data Availability Statement: Data are available from the corresponding author on reasonable request.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Thon, S.G.; Seidl, A.J.; Bravman, J.T.; McCarty, E.C.; Savoie, F.H.; Frank, R.M. Advances and Update on Reverse Total Shoulder

Arthroplasty. Curr. Rev. Musculoskelet. Med. 2020, 13, 11–19. [CrossRef]
2. Berton, A.; Longo, U.G.; Gulotta, L.V.; De Salvatore, S.; Piergentili, I.; Calabrese, G.; Roberti, F.; Warren, R.F.; Denaro, V. Humeral

and Glenoid Version in Reverse Total Shoulder Arthroplasty: A Systematic Review. J. Clin. Med. 2022, 11, 7416. [CrossRef]
3. Longo, U.G.; Gulotta, L.V.; De Salvatore, S.; Berton, A.; Piergentili, I.; Bandini, B.; Lalli, A.; Denaro, V. The Role of Humeral

Neck-Shaft Angle in Reverse Total Shoulder Arthroplasty: 155◦ versus <155◦—A Systematic Review. J. Clin. Med. 2022, 11, 3641.
[CrossRef]

4. Wagner, E.R.; Farley, K.X.; Higgins, I.; Wilson, J.M.; Daly, C.A.; Gottschalk, M.B. The incidence of shoulder arthroplasty: Rise and
future projections compared with hip and knee arthroplasty. J. Shoulder Elb. Surg. 2020, 29, 2601–2609. [CrossRef]

5. Longo, U.G.; Papalia, R.; Castagna, A.; De Salvatore, S.; Guerra, E.; Piergentili, I.; Denaro, V. Shoulder replacement: An
epidemiological nationwide study from 2009 to 2019. BMC Musculoskelet. Disord. 2022, 23, 889. [CrossRef]

6. Roche, C.P. Reverse Shoulder Arthroplasty Biomechanics. J. Funct. Morphol. Kinesiol. 2022, 7, 13. [CrossRef]
7. Berliner, J.L.; Regalado-Magdos, A.; Ma, C.B.; Feeley, B.T. Biomechanics of reverse total shoulder arthroplasty. J. Shoulder Elb.

Surg. 2015, 24, 150–160. [CrossRef]
8. Werthel, J.D.; Walch, G.; Vegehan, E.; Deransart, P.; Sanchez-Sotelo, J.; Valenti, P. Lateralization in reverse shoulder arthroplasty:

A descriptive analysis of different implants in current practice. Int. Orthop. 2019, 43, 2349–2360. [CrossRef]
9. Boileau, P.; Moineau, G.; Roussanne, Y.; O’Shea, K. Bony increased-offset reversed shoulder arthroplasty: Minimizing scapular

impingement while maximizing glenoid fixation. Clin. Orthop. Relat. Res. 2011, 469, 2558–2567. [CrossRef]
10. Sprowls, G.R.; Wilson, C.D.; Stewart, W.; Hammonds, K.A.P.; Baruch, N.H.; Ward, R.A.; Robin, B.N. Intraoperative navigation and

preoperative templating software are associated with increased glenoid baseplate screw length and use of augmented baseplates
in reverse total shoulder arthroplasty. JSES Int. 2021, 5, 102–108. [CrossRef]

11. Venne, G.; Rasquinha, B.J.; Pichora, D.; Ellis, R.E.; Bicknell, R. Comparing conventional and computer-assisted surgery baseplate
and screw placement in reverse shoulder arthroplasty. J. Shoulder Elb. Surg. 2015, 24, 1112–1119. [CrossRef]

12. Rojas, J.T.; Lädermann, A.; Ho, S.W.L.; Rashid, M.S.; Zumstein, M.A. Glenoid Component Placement Assisted by Augmented
Reality Through a Head-Mounted Display During Reverse Shoulder Arthroplasty. Arthrosc. Tech. 2022, 11, e863–e874. [CrossRef]

13. Werner, B.S.; Hudek, R.; Burkhart, K.J.; Gohlke, F. The influence of three-dimensional planning on decision-making in total
shoulder arthroplasty. J. Shoulder Elb. Surg. 2017, 26, 1477–1483. [CrossRef]

14. Boutsiadis, A.; Lenoir, H.; Denard, P.J.; Panisset, J.C.; Brossard, P.; Delsol, P.; Guichard, F.; Barth, J. The lateralization and
distalization shoulder angles are important determinants of clinical outcomes in reverse shoulder arthroplasty. J. Shoulder Elb.
Surg. 2018, 27, 1226–1234. [CrossRef] [PubMed]

https://doi.org/10.1007/s12178-019-09582-2
https://doi.org/10.3390/jcm11247416
https://doi.org/10.3390/jcm11133641
https://doi.org/10.1016/j.jse.2020.03.049
https://doi.org/10.1186/s12891-022-05849-x
https://doi.org/10.3390/jfmk7010013
https://doi.org/10.1016/j.jse.2014.08.003
https://doi.org/10.1007/s00264-019-04365-3
https://doi.org/10.1007/s11999-011-1775-4
https://doi.org/10.1016/j.jseint.2020.09.003
https://doi.org/10.1016/j.jse.2014.10.012
https://doi.org/10.1016/j.eats.2021.12.046
https://doi.org/10.1016/j.jse.2017.01.006
https://doi.org/10.1016/j.jse.2018.02.036
https://www.ncbi.nlm.nih.gov/pubmed/29602633


Bioengineering 2023, 10, 1409 10 of 11

15. Berthold, D.P.; Morikawa, D.; Muench, L.N.; Baldino, J.B.; Cote, M.P.; Creighton, R.A.; Denard, P.J.; Gobezie, R.; Lederman, E.;
Romeo, A.A.; et al. Negligible Correlation between Radiographic Measurements and Clinical Outcomes in Patients Following
Primary Reverse Total Shoulder Arthroplasty. J. Clin. Med. 2021, 10, 809. [CrossRef]

16. Erickson, B.J.; Werner, B.C.; Griffin, J.W.; Gobezie, R.; Lederman, E.; Sears, B.W.; Bents, E.; Denard, P.J. A comprehensive evaluation
of the association of radiographic measures of lateralization on clinical outcomes following reverse total shoulder arthroplasty. J.
Shoulder Elb. Surg. 2022, 31, 963–970. [CrossRef]

17. Carrazana-Suarez, L.F.; Panico, L.C.; Smolinski, M.P.; Blake, R.J.; McCroskey, M.A.; Sykes, J.B.; Lin, A. Humeral offset as a
predictor of outcomes after reverse shoulder arthroplasty. J. Shoulder Elb. Surg. 2022, 31, S158–S165. [CrossRef]

18. Roberson, T.A.; Shanley, E.; Abildgaard, J.T.; Granade, C.M.; Adams, K.J.; Griscom, J.T.; Hunt, Q.; Nix, Q.; Kissenberth, M.J.; Tolan,
S.J.; et al. The influence of radiographic markers of biomechanical variables on outcomes in reverse shoulder arthroplasty. JSES
Open Access 2019, 3, 59–64. [CrossRef] [PubMed]

19. Lee, J.H.; Van Raalte, V.; Malian, V. Diagnosis of SLAP lesions with Grashey-view arthrography. Skelet. Radiol. 2003, 32, 388–395.
[CrossRef]

20. Longo, U.G.; Vasta, S.; Maffulli, N.; Denaro, V. Scoring systems for the functional assessment of patients with rotator cuff
pathology. Sports Med. Arthrosc. Rev. 2011, 19, 310–320. [CrossRef]

21. Gowd, A.K.; Charles, M.D.; Liu, J.N.; Lalehzarian, S.P.; Cabarcas, B.C.; Manderle, B.J.; Nicholson, G.P.; Romeo, A.A.; Verma, N.N.
Single Assessment Numeric Evaluation (SANE) is a reliable metric to measure clinically significant improvements following
shoulder arthroplasty. J. Shoulder Elb. Surg. 2019, 28, 2238–2246. [CrossRef] [PubMed]

22. Wu, G.; van der Helm, F.C.; Veeger, H.E.; Makhsous, M.; Van Roy, P.; Anglin, C.; Nagels, J.; Karduna, A.R.; McQuade, K.;
Wang, X.; et al. ISB recommendation on definitions of joint coordinate systems of various joints for the reporting of human joint
motion--Part II: Shoulder, elbow, wrist and hand. J. Biomech. 2005, 38, 981–992. [CrossRef]

23. Cappozzo, A.; Cappello, A.; Della Croce, U.; Pensalfini, F. Surface-marker cluster design criteria for 3-D bone movement
reconstruction. IEEE Trans. Biomed. Eng. 1997, 44, 1165–1174. [CrossRef] [PubMed]

24. Kontaxis, A.; Cutti, A.G.; Johnson, G.R.; Veeger, H.E. A framework for the definition of standardized protocols for measuring
upper-extremity kinematics. Clin. Biomech. 2009, 24, 246–253. [CrossRef] [PubMed]

25. Cutti, A.G.; Parel, I.; Raggi, M.; Petracci, E.; Pellegrini, A.; Accardo, A.P.; Sacchetti, R.; Porcellini, G. Prediction bands and
intervals for the scapulo-humeral coordination based on the Bootstrap and two Gaussian methods. J. Biomech. 2014, 47, 1035–1044.
[CrossRef]

26. Koo, T.K.; Li, M.Y. A Guideline of Selecting and Reporting Intraclass Correlation Coefficients for Reliability Research. J. Chiropr.
Med. 2016, 15, 155–163. [CrossRef]

27. Schober, P.; Boer, C.; Schwarte, L.A. Correlation Coefficients: Appropriate Use and Interpretation. Anesth. Analg. 2018, 126,
1763–1768. [CrossRef] [PubMed]

28. Bishara, A.J.; Hittner, J.B. Reducing Bias and Error in the Correlation Coefficient Due to Nonnormality. Educ. Psychol. Meas. 2015,
75, 785–804. [CrossRef]

29. Wall, B.; Nové-Josserand, L.; O’Connor, D.P.; Edwards, T.B.; Walch, G. Reverse total shoulder arthroplasty: A review of results
according to etiology. J. Bone Jt. Surg. Am. 2007, 89, 1476–1485. [CrossRef]

30. Friedman, R.J.; Flurin, P.H.; Wright, T.W.; Zuckerman, J.D.; Roche, C.P. Comparison of reverse total shoulder arthroplasty
outcomes with and without subscapularis repair. J. Shoulder Elb. Surg. 2017, 26, 662–668. [CrossRef]

31. Goetti, P.; Denard, P.J.; Collin, P.; Ibrahim, M.; Mazzolari, A.; Lädermann, A. Biomechanics of anatomic and reverse shoulder
arthroplasty. EFORT Open Rev. 2021, 6, 918–931. [CrossRef]

32. de Wilde, L.F.; Poncet, D.; Middernacht, B.; Ekelund, A. Prosthetic overhang is the most effective way to prevent scapular conflict
in a reverse total shoulder prosthesis. Acta Orthop. 2010, 81, 719–726. [CrossRef] [PubMed]

33. Kazley, J.M.; Cole, K.P.; Desai, K.J.; Zonshayn, S.; Morse, A.S.; Banerjee, S. Prostheses for reverse total shoulder arthroplasty.
Expert. Rev. Med. Devices 2019, 16, 107–118. [CrossRef] [PubMed]

34. Longo, U.G.; De Salvatore, S.; Carnevale, A.; Tecce, S.M.; Bandini, B.; Lalli, A.; Schena, E.; Denaro, V. Optical Motion Capture
Systems for 3D Kinematic Analysis in Patients with Shoulder Disorders. Int. J. Environ. Res. Public Health 2022, 19, 12033.
[CrossRef]

35. Schoch, B.S.; King, J.J.; Fan, W.; Flurin, P.H.; Wright, T.W.; Zuckerman, J.D.; Roche, C.P. Characteristics of anatomic and reverse
total shoulder arthroplasty patients who achieve ceiling scores with 3 common patient-reported outcome measures. J. Shoulder
Elb. Surg. 2022, 31, 1647–1657. [CrossRef] [PubMed]

36. Kim, M.S.; Jeong, H.Y.; Kim, J.D.; Ro, K.H.; Rhee, S.M.; Rhee, Y.G. Difficulty in performing activities of daily living associated
with internal rotation after reverse total shoulder arthroplasty. J. Shoulder Elb. Surg. 2020, 29, 86–94. [CrossRef]

37. Rugg, C.M.; Coughlan, M.J.; Lansdown, D.A. Reverse Total Shoulder Arthroplasty: Biomechanics and Indications. Curr. Rev.
Musculoskelet. Med. 2019, 12, 542–553. [CrossRef] [PubMed]

38. Li, X.; Knutson, Z.; Choi, D.; Lobatto, D.; Lipman, J.; Craig, E.V.; Warren, R.F.; Gulotta, L.V. Effects of glenosphere positioning on
impingement-free internal and external rotation after reverse total shoulder arthroplasty. J. Shoulder Elb. Surg. 2013, 22, 807–813.
[CrossRef]

https://doi.org/10.3390/jcm10040809
https://doi.org/10.1016/j.jse.2021.10.010
https://doi.org/10.1016/j.jse.2022.02.029
https://doi.org/10.1016/j.jses.2018.11.003
https://www.ncbi.nlm.nih.gov/pubmed/30984894
https://doi.org/10.1007/s00256-003-0642-0
https://doi.org/10.1097/JSA.0b013e31820af9b6
https://doi.org/10.1016/j.jse.2019.04.041
https://www.ncbi.nlm.nih.gov/pubmed/31307894
https://doi.org/10.1016/j.jbiomech.2004.05.042
https://doi.org/10.1109/10.649988
https://www.ncbi.nlm.nih.gov/pubmed/9401217
https://doi.org/10.1016/j.clinbiomech.2008.12.009
https://www.ncbi.nlm.nih.gov/pubmed/19200628
https://doi.org/10.1016/j.jbiomech.2013.12.028
https://doi.org/10.1016/j.jcm.2016.02.012
https://doi.org/10.1213/ANE.0000000000002864
https://www.ncbi.nlm.nih.gov/pubmed/29481436
https://doi.org/10.1177/0013164414557639
https://doi.org/10.2106/JBJS.F.00666
https://doi.org/10.1016/j.jse.2016.09.027
https://doi.org/10.1302/2058-5241.6.210014
https://doi.org/10.3109/17453674.2010.538354
https://www.ncbi.nlm.nih.gov/pubmed/21110704
https://doi.org/10.1080/17434440.2019.1568237
https://www.ncbi.nlm.nih.gov/pubmed/30669890
https://doi.org/10.3390/ijerph191912033
https://doi.org/10.1016/j.jse.2022.01.142
https://www.ncbi.nlm.nih.gov/pubmed/35247571
https://doi.org/10.1016/j.jse.2019.05.031
https://doi.org/10.1007/s12178-019-09586-y
https://www.ncbi.nlm.nih.gov/pubmed/31773478
https://doi.org/10.1016/j.jse.2012.07.013


Bioengineering 2023, 10, 1409 11 of 11

39. Friedman, R.J.; Cheung, E.V.; Flurin, P.H.; Wright, T.; Simovitch, R.W.; Bolch, C.; Roche, C.P.; Zuckerman, J.D. Are Age and Patient
Gender Associated With Different Rates and Magnitudes of Clinical Improvement After Reverse Shoulder Arthroplasty? Clin.
Orthop. Relat. Res. 2018, 476, 1264–1273. [CrossRef]

40. Leathers, M.P.; Ialenti, M.N.; Feeley, B.T.; Zhang, A.L.; Ma, C.B. Do younger patients have better results after reverse total shoulder
arthroplasty? J. Shoulder Elb. Surg. 2018, 27, S24–S28. [CrossRef]

41. Theodoulou, A.; Krishnan, J.; Aromataris, E. Risk of poor outcomes in patients who are obese following total shoulder arthroplasty
and reverse total shoulder arthroplasty: A systematic review and meta-analysis. J. Shoulder Elb. Surg. 2019, 28, e359–e376.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s11999.0000000000000270
https://doi.org/10.1016/j.jse.2017.11.014
https://doi.org/10.1016/j.jse.2019.06.017
https://www.ncbi.nlm.nih.gov/pubmed/31630753

	Introduction 
	Materials and Methods 
	Study Design 
	Prosthetic Implant Design and Surgical Procedure 
	Radiographic Evaluation 
	Clinical and Kinematic Data 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

