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Background: Glenohumeral osteophytes (OPs) can adversely influence postoperative range of motion
(ROM) following shoulder arthroplasty due to mechanical impingement. Though commercial three-
dimensional preoperative planning software (3D PPS) is available to simulate ROM before and after OP
resection, little is known about the magnitude of effect OPs and their subsequent removal have on
simulated glenohumeral ROM.

Methods: Included patients were 1) indicated for reverse total shoulder arthroplasty (rTSA) using 3D
PPS and 2) presented with glenoid and/or humeral head OPs on preoperative two-dimensional computed
tomography (2D-CT) imaging. Thirty patients met the inclusion criteria (9 females, 21 males; mean age
70.45 + 4.99 years, range 63-80 years). All subjects (n = 30) presented with humeral OPs (mean volume:
2905.16 mm?>, range 109.1-11,246 mm?), while 11 subjects also presented with glenoid OPs (mean vol-
ume 108.06 mm?, range 37.59-791.4 mm?>). Preoperative CTs were used to calculate OP volume (mm?>)
and OP circumferential extent (clockface). Mean clockface position for circumferential humeral OPs
originated at 6:09 (range 4:30-7:15) and extended to 8:51 (range 8:15-10:15). Mean clockface position
for glenoid OPs originated at 3:00 (range 2:00-5:00) and extended to 6:16 (range 3:00-7:30). 3D im-
plants on PPS were standardized to achieve 0° of version, 0° of inclination and 4 mm of net lateralization.
Thirty-nine and thirty-six mm glenospheres were used for males and females, respectively. 3D PPS was
used to evaluate simulated ROM differences before and after OP removal in the planes of adduction
(ADD), abduction, internal rotation (IR), external rotation (ER), extension, and flexion. Impact of OP
volume and circumferential extent on pre and postop removal ROM were also analyzed.

Results: Humeral OP removal significantly increased impingement-free ADD, IR, ER, extension, and
flexion. Removal of larger (mm?>) humeral OPs positively correlated with improvement in IR (R = 0.452,
P =.011), ER (R = 0.394, P =.033), and flexion (R = 0.500, P < .01). Greater circumferential extent of
humeral OPs correlated with worse preremoval ROM in the planes of ADD (R = 0.364, P = .02) and
extension (R = 0.403, P =.04), and improvements in ER postop removal (R = 0.431, P = .03).

Ethical Committee Approval was obtained through the Vail Health Institutional E-mail address: mprovencher@thesteadmanclinic.com (M.T. Provencher).
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Conclusion: Humeral OP removal significantly increases impingement-free ADD, IR, ER, extension, and
flexion in simulated 3D PPS models following rTSA. Magnitude of simulated ROM improvement is
influenced by initial humeral OP volume and circumferential clockface extent. Surgeons should
consider these effects when using 3D PPS for rTSA planning to optimize postoperative ROM

prognostics.

© 2023 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Osteophytes (OPs), one of the classic features of osteoarthritis,
are bony overgrowths that occur in periarticular regions due to
joint degeneration.’’ In shoulder osteoarthritis, OPs most
commonly manifest around the inferior portion of the glenoid or
humeral head."" Presence of OPs in these regions is theorized to
contribute to decreased range of motion (ROM) and potential
axillary nerve compression in circumstances of very large OPs due
to mass effect.'>!3

In cases of glenohumeral arthritis with significant glenoid
retroversion or in cuff tear arthropathy, patients can be treated
through prosthetic replacement with a reverse total shoulder
arthroplasty (rTSA) procedure. While the rTSA procedure reliably
relieves pain, postoperative ROM results remain variable.>* Gle-
nohumeral OPs are thought to adversely influence postoperative
ROM in certain planes of the shoulder following rTSA. Some limi-
tations in ROM can occur due to mechanical impingement, in which
either the glenosphere or humeral prosthesis contact OP(s) of the
opposing glenohumeral structure and/or create tension on sur-
rounding soft tissue structures.>>1°

OP incidence and size have traditionally been identified and
described qualitatively from plain radiographs, but these im-
ages are complicated by overlapping structures and cannot be
used to characterize OP volume quantitatively.'> Three-
dimensional (3D) preoperative planning software (3D PPS) has
been increasingly adopted to model anatomy and bony de-
formities from diagnostic imaging to assist in preoperative
planning of implant positioning and fixation for shoulder
arthroplasty.®'82% 3D techniques can also improve OP charac-
terization and their impacts on glenohumeral arthritic wear
patterns and motion.'>!> While the importance of adequate OP
removal on postoperative motion outcomes has been well
studied in lower joint arthroplasty,'* there remains a paucity of
literature that investigates how size and resection of gleno-
humeral OPs affect ROM of the shoulder on 3D PPS related to
I'TSA procedures. As optimizing functional outcomes following
r'TSA remains critical, a thorough understanding of the effect of
glenohumeral OP size and resection on ROM using 3D PPS is an
essential step in preoperative planning for rTSA.

The aim of this retrospective study is to investigate the impact of
glenohumeral OP removal on simulated ROM using 3D PPS. It is
hypothesized that 1) removal of glenohumeral OPs will signifi-
cantly improve simulated ROM and 2) volume and circumferential
extent of OP removal will positively correlate with improvements
in simulated ROM.

Methods
Participant selection

Following institutional review board approval (IRB No. 2021-
089-TSC), a retrospective review was performed of patients
seen between 2019 and 2021 who presented with gleno-
humeral arthritis and were subsequently treated with an rTSA
procedure. Patients were included if they 1) were between the
ages of 18 and 85 years old, 2) underwent an rTSA procedure,
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3) presented with glenoid and/or humeral head OP(s) on pre-
operative two-dimensional computed tomography (2D-CT) im-
aging, and 4) had existing 3D PPS plans on the senior author’s
(M.T.P) PPS database (Tornier BLUEPRINT; Stryker, Kalamazoo,
MI, USA). Presence of OPs was confirmed by the senior author
(M.T.P.) and 1 additional fellowship-trained orthopedic shoulder
surgeon (J.J.R) on 2D-, 3D-CT, and X-ray imaging for each pa-
tient. Patients were excluded from analysis if they had history
of any prior ipsilateral shoulder surgeries. 3D implants on PPS
were standardized to achieve 0° of version and 0° of inclination
with ultimately 4 mm of lateralization. Augmented baseplates
were used in instances of glenoid deformities of greater than
20 degrees and preoperatively planned for baseplate seating of
greater than 90% in all cases. Thirty patients (15 right shoulders
and 15 left shoulders) who had glenohumeral OPs and under-
went a subsequent primary rTSA between January 2019 and
July 2021 were included (9 females, 21 males; mean age
70.45 + 4.99 years, range 63-80 years). Thirty-nine and thirty-
six mm glenospheres were used for males and females,
respectively.

Osteophyte volume

The computed tomography (CT) series with the highest, near-
isotropic resolution available for each patient’s case was used to
assess OP volume (mean resolution 0.52 mm x 0.52 mm x 0.43
mm). 2D- and 3D-CT images were first reviewed by the senior
author (M.T.P) and an additional fellowship-trained orthopedic
shoulder surgeon (JJ.R) who annotated OPs of interest. OPs were
then delineated on patients’ 2D-CT images using 3D segmentation
software (ITK-SNAP, version 3.6.0°%) to calculate total, glenoid, and
humeral OP volumes (mm?) (Fig. 1). All subjects (n = 30) presented
with humeral OPs (mean volume 2905.16 mm?, range 109.1-11,246
mm?), while 11 subjects also presented with glenoid OPs (mean
volume 108.06 mm?, range 37.59-791.4 mm?>).

Extent of osteophytes

Glenohumeral OP extent was determined based on previously
cited literature.%”*!” Extent of humeral OPs was determined using
the clockface position along the plane of the native anatomic neck,
as defined by the 3D PPS, on patients’ respective 3D-CTs (Fig. 2). The
most superior point of the anatomic neck was defined as 12 o’clock,
whereas 6 o'clock corresponded to the most inferior point.”
Clockface positioning was similarly used for glenoid OPs; the
supraglenoid tubercle was first identified (12 o’clock) and a line was
then drawn down the glenoid center (defined by the 3D PPS) to
determine its corresponding 6 o’clock position along the inferior
glenoid rim (Fig. 3).%’ Nine o’clock was defined as directly anterior
for all patients.

Osteophyte removal and ROM analysis

3D PPS (Tornier BLUEPRINT; Stryker, Kalamazoo, MI, USA) was
used to perform digital OP removal and ROM simulation. Simulated
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Figure 2 The plane of the native anatomic humeral neck (green) of the right arm. The most superior point of the anatomic neck was defined as 12 o’clock, whereas 6 o’clock
corresponded to the most inferior point. Nine o’clock was defined as directly anterior for all patients.

Figure 3 (A) A 3-dimensional (3D) reconstructed en face image of the glenoid of the right arm. The supraglenoid tubercle (S) was identified, and a line was drawn down the 3D
preoperative planning software -determined glenoid center (C) to determine its corresponding position along the inferior glenoid rim. (B) A clockface was created using a best-fit
circle, in which the supraglenoid tubercle (12 o’clock) and its corresponding 6 o’clock position along the inferior glenoid rim are annotated. Nine o'clock was defined as directly

anterior for all patients.

ROM in the planes of adduction (ADD), abduction (ABD), internal
rotation (IR), external rotation (ER), extension, and flexion was
performed prior to OP removal on each patient’s 3D scapular model
— each with an appropriately sized rTSA prosthesis based on the
software’s internal algorithm (Fig. 4A). This was performed as well
on 3D humeral neck models (Fig. 5A). OPs previously identified by
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the senior author (M.T.P) and 1 other fellowship-trained orthopedic
shoulder surgeon (J.J.R) on 3D-CT imaging were then removed from
the patients’ 3D scapular models (Fig. 6) and 3D humeral neck
models (Fig. 7) and rerun through the same planes of motion to
determine OP impingement effects on simulated ROM (Fig. 4B,
Fig. 5B).
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Figure 4 Simulated range of motion measurements (adduction, abduction, internal rotation, external rotation, extension, and flexion) using 3D preoperative patient-specific

instrumentation, Tornier BLUEPRINT (Stryker, Kalamazoo, MI, USA) (A) preremoval of OP on inferior glenoid (

Statistical analysis

A Wilcoxon singed rank test was performed to evaluate signif-
icant differences between pre and postop removal ROM
(alpha = 0.05). A Pearson’s correlation coefficient was used to
examine correlations between bipolar, glenoid, and humeral OP
volume and the change in simulated ROM (alpha = 0.05). A Pear-
son’s correlation coefficient was also used to determine correla-
tions between circumferential extent of humeral and glenoid OP
and changes in simulated ROM (alpha = 0.05). All statistical anal-
ysis were performed using MATLAB R2021b (MathWorks, Natick,
MA, USA).

Results
Effect of OP removal on ROM

Humeral OP removal significantly increased mean ADD (+7.8°,
range 0°-24°, P < .001), IR (+20.3°, range 0°-92°, P < .001), ER
(+22.85°, range 0°-62°, P < .001), extension (+21.1°, range 0°-120°,
P =.014), and flexion (+17.7°, range 0°-114°, P =.025). Removal of
bipolar OPs had a similar, significant improvement on ADD (+8.82°,
range 0°-35°, P = .018), IR (+2.27°, range 0°-10°, P = .043), ER
(+12.64°, range 0°-43°, P =.019), and extension (+15.18°, range 0°-
57°, P =.040) (Table I). There was no significant difference in ROM
improvements between humeral vs. bipolar OP removal of similar
total volumes (+300 mm?>).
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) and (B) postremoval of OP on inferior glenoid.
Effect of OP extent on pre and postremoval ROM

Circumferential humeral OPs were detected in all patients
(n = 30). The mean clockface position for circumferential humeral
OPs originated at 6:09 (range 4:30-7:15) and extended to 8:51
(range 8:15-10:15). Localized humeral OPs (n = 4) were located at
2:30, 3:30, 8:30, and 11:00, respectively. Greater circumferential
extent of humeral OPs weakly correlated with worse preremoval
ROM in the planes of ADD (R = 0.364, P = .02) and extension
(R = 0.403, P = .04) and improvements in ER postop removal
(R=0.431, P=.03). The mean clockface position for circumferential
glenoid OPs (n = 9) originated at 3:00 (range 2:00-5:00) and
extended to 6:16 (range 3:00-7:30). Localized glenoid OPs (n = 3)
were located at 2:00, 6:30, and 11:00, respectively. There was no
significant correlation between circumferential extent of glenoid
OP and preremoval ROM in any planes of motion. However, removal
of glenoid OPs with greater circumferential extent strongly corre-
lated with improvements in ADD postop removal (R = 0.776,
P=.01).

Effect of OP volume on pre and postremoval ROM

Larger humeral and bipolar OP volume correlated with worse
preremoval flexion (humeral: R = —0.557, bipolar: R = —0.555,
P < .01), but there were no significant correlations in OP volume
and preremoval ROM in the planes of ADD, ABD, ER, IR, or flexion.
There was no significant correlation between glenoid OP volume
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Figure 5 Simulated range of motion measurements (adduction, abduction, internal rotation, external rotation, extension, and flexion) using 3D preoperative patient-specific

instrumentation, Tornier BLUEPRINT (Stryker, Kalamazoo, MI, USA) (A) preremoval of OP on humeral neck (

Figure 6 3D scapula created using Tornier BLUEPRINT (Bloomington, MN) software depicting (A) preremoval of OP on inferior glenoid (------

glenoid.

and preremoval ROM in any planes of motion. Removal of larger
(mm?) humeral and bipolar OPs positively correlated with
improvement in IR (humeral: R = 0.452, P = .011; bipolar:
R = 0.446, P = .012), ER (humeral: R = 0.394, P = .033; bipolar:
R = 0.376, P = .037) and flexion (humeral: R = 0.500, bipolar:
0.496, P < .001). Removal of larger (mm?>) glenoid OPs was
correlated with improvement in IR, only (R = 0.817, P = .002)
(Table II).

Discussion

The present study sought to elucidate the impact of gleno-
humeral OP removal on simulated ROM using 3D PPS following
I'TSA. Results illustrate that 1) humeral and bipolar OP removal
significantly increases ADD, ER, IR, extension, and flexion, 2)
removal of larger humeral and bipolar OPs correlates with increases
in IR, ER, and flexion, while removal of larger glenoid OPs correlate
with increases in IR and 3) greater circumferential extent of hu-
meral OPs weakly correlate with worse preremoval ADD, extension,
and improved postremoval ER. These findings emphasize the crit-
ical importance of glenohumeral OPs in the setting of rTSA,
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) and (B) postremoval of OP on humeral neck.

) and (B) post removal of OP on inferior

particularly on the humerus, that affect postoperative simulated
ROM on 3D PPS.

The observed ROM trends can best be explained by the inter-
action between the OPs and the rTSA prosthesis, and their com-
bined effect on rotational mechanics of the shoulder. OPs located on
the humerus and glenoid act as potential mechanical “blocks”
during glenohumeral rotation, in which impingement of the OPs on
other bony structures or prosthetic components obstructs shoulder
ROM. In the case of an OP on the anterior to inferior region of the
glenoid that is not resected during rTSA, the humeral prosthesis
may be obstructed during rotational or leveraging motions such as
IR or ADD, and ABD, respectively. Alternatively, a large inferior
humeral OP can prevent rotation of the humeral prosthesis across
the horizontal and frontal planes as it acts as a block against the
glenosphere. Considering these interactions, OPs of larger size
would expectedly intensify the disrupted mechanics and subse-
quent rotational motion of the glenohumeral joint. The current
study’s findings are consistent with a cohort study by Kircher et al°
that retrospectively reviewed 120 standardized radiographs of
patients with advanced osteoarthritis of the shoulder and found
that OP size was negatively correlated with active and passive
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Figure 7 3D scapula created using Tornier BLUEPRINT (Bloomington, MN) software depicting (A) preremoval of OP on humeral neck (

neck.

Table I

) and (B) postremoval of OP on humeral

Effect of humeral and bipolar osteophyte removal on simulated range of motion (ROM) (°) in the planes of adduction (ADD), abduction (ABD), internal rotation (IR), external

rotation (ER), extension, and flexion.

ROM plane Mean preop

Mean postop Mean pre- to postop change P value
HUMERUS ADD 5.9 (0-18) 13.7 (0-33) 7.8 (0-24) <.001
ABD 70.85 (38-88) 71.4 (59-88) 0.55 (0-7) 179
IR 44.1 (0-96) 64.4 (0-92) 20.3 (0-92) <.001"
ER 13.8 (0-35) 36.65 (0-70) 22.85 (0-62) <.001"
Extension 19.3 (0-120) 40.4 (0-120) 21.1 (0-120) 014
Flexion 82 (0-135) 99.7 (70-138) 17.7 (0-114) .025"
BIPOLAR ADD 9.18 (0-41) 18 (2-43) 8.82 (0-35) 019"
ABD 73.91 (21-95) 78.91 (63-95) 5(0-52) 313
IR 67.64 (41-97) 69.91 (28-98) 2.27 (0-10) .043"
ER 20.91 (0-58) 33.55 (14-58) 12.64 (0-43) 019"
Extension 16.27 (0-63) 31.45 (6-120) 15.18 (0-57) .040°
Flexion 101.18 (63-126) 104.55 (79-126) 3.36 (0-16) .067

“Denotes significance (alpha = 0.05).

Table II

Correlation between volume (mm?) of osteophyte (OP) removal and change in ROM (°) from pre- to post-removal, in the planes of adduction (ADD), abduction (ABD), internal

rotation (IR), external rotation, (ER), extension, and flexion.

Bipolar OP volume

Humeral OP volume

Glenoid OP volume

ROM plane Correlation coefficient P value Correlation coefficient P value Correlation coefficient P value
ADD 0.123 511 0.129 .488 -0.371 262
ABD —0.076 .685 -0.073 695 —0.289 389
IR 0.446 .012 0.452 011" 0.817 .002
ER 0.376 .037° 0.394 .033" -0.115 736
Extension 0.496 .005" 0.500 .004 0.083 .809
Flexion 0.128 491 0.139 457 —0.464 151

“Denotes significance (alpha = 0.05).

flexion, ABD, ER, and IR. Notably, the authors reported that there
was no significant correlation between loss of joint space and OP
size. These findings, along with those of the current study, suggest
that OPs - and their respective size - are an independent predictor
of glenohumeral ROM and should therefore be managed appro-
priately during rTSA in efforts to optimize postoperative shoulder
motion.
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While the current study illustrates the mechanical effects that
OPs have on postoperative ROM predictions using 3D PPS, these
findings only highlight the direct consequences of OP impingement
and are likely a conservative estimate of the true ROM limitations
that would be encountered during glenohumeral motion following
I'TSA. While OPs of the shoulder joint are primarily a disease of
articular cartilage, the secondary musculoskeletal changes to
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surrounding joint tissues that these bone spurs disrupt cannot be
ignored. In their retrospective cohort study, Simovitch et al'®
investigated radiographic parameters in 77 consecutive post-
operative shoulder radiographs that predispose patients to
scapular notching following rTSA and report that OPs along the
inferior glenoid rim were detected in 27% (n = 21) of patients.
While no direct correlation was made between postoperative OPs
and instances of scapular notching by the authors, it is speculated
that OP-induced scapular notching following rTSA would exacer-
bate symptoms of glenohumeral pain and inflammation, further
restricting range of shoulder motion." Additional musculoskeletal
changes to the surrounding joint tissue are illustrated in the
aforementioned study by Kircher et al,® in which the authors pro-
pose that significantly decreased shoulder ROM in all planes that
correlated to an increased OP size could be a result of a decreased
joint volume and subsequent tightening of the capsule, mechani-
cally restricting joint motion further. These musculoskeletal
changes, in conjunction with the mechanical impingement effects
that OPs have on glenohumeral biomechanics, emphasize the
necessity of improved preoperative understanding of OP volume
and resection to optimize shoulder ROM following rTSA.

Limitations

This investigation has several limitations. First, both the OP
volume measurement and the simulated ROM were performed
using CT images and 3D CT-based motion analysis software. The
glenohumeral motion simulation can therefore only reflect bony
impingement and bone-based motion and does not account for soft
tissue limitations (e.g., capsular contractures) or implant-related
constraints (e.g., version) that may also limit motion post-
operatively after rTSA. Furthermore, there is no correlation be-
tween projected postoperative motion with actual postoperative
motion. The purpose of this study was to demonstrate the utility of
OP removal in conjunction with the rTSA and motion. Both
execution of OP removal and the actual resultant postoperative
motion would be useful, but both were not primary objectives. A
second limitation is that this was a cohort of convenience of pa-
tients undergoing rTSA and not a diagnosis-specific group. As a
retrospective study, existing CT images with the highest resolution
were selected for volume calculations and 3D modeling, but the
precise resolution varied. The cohort represented various etiologies
of indications including massive chronic rotator cuff tears, cuff tear
arthropathy, failed rotator cuff repairs, and posttraumatic arthritis.
Therefore, the strength of the results of OP volume on motion for
each individual indication for rTSA may be weakened, although this
heterogeneous cohort improves generalizability for motion
assumptions for any etiology of OPs.

Conclusion

Humeral OP removal significantly increases impingement-free
ADD, IR, ER, extension, and flexion in simulated 3D PPS models
following rTSA. The magnitude of simulated ROM improvement is
influenced by initial humeral OP volume and circumferential
extent. Surgeons should consider these effects when using 3D PPS
for r'TSA planning to optimize postoperative ROM prognostics.
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