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ARTICLE INFO Hypothesis: Both clinical outcomes and early rates of failure will not be associated with glenoid
retroversion.
Methods: All patients who underwent an anatomic total shoulder arthroplasty with minimal, non-
corrective reaming between 2006 and 2016 with minimum 2-year follow-up were reviewed. Mea-
surements for retroversion, inclination, and posterior subluxation were obtained from magnetic
resonance imaging or computerized tomography. A regression analysis was performed to assess the
association between retroversion, inclination and subluxation, and their effect on patient reported
outcomes (PROs). Clinical failures and complications were reported.
Results: One hundred fifty-one anatomic total shoulder arthroplasties (90% follow-up) with a mean
follow-up of 4.6 years (range, 2-12 years) were assessed. The mean preoperative retroversion was 15.6°
(range, 0.2-42.1), the mean posterior subluxation was 15.1% (range, —3.6 to 44.1%), and the mean glenoid
inclination was 13.9° (range, —11.3 to 44.3). All median outcome scores improved significantly from pre-
to post-operatively (P < .001). The median satisfaction was 10/10 (1st quartile = 7 and 3rd quartile = 10).
Linear regression analysis found no significant association between retroversion and any postoperative
PRO. A total of 5 (3.3%) failures occurred due to glenoid implant loosening (3 patients) and Cutibacterium
acnes infection (2 patients) with no association between failure causation and increased retroversion or
inclination. No correlation could be found between the Walch classification and postoperative PROs.
Conclusion: Anatomic total shoulder replacement with minimal and noncorrective glenoid reaming
demonstrates reliable increases in patient satisfaction and clinical outcomes at a mean of 4.6-year follow-
up in patients with up to 40° of native retroversion. Higher values of retroversion were not associated
with early deterioration of clinical outcomes, revisions, or failures. Long-term studies are needed to see if
survivorship and outcomes hold up over time.
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Total shoulder arthroplasty (TSA) has proven to be a reliable
treatment option, demonstrating improvement in both pain and
function for patients presenting with primary osteoarthritis of the
glenohumeral joint.!®*24>4% As osteoarthritis of the shoulder
naturally progresses, increases in glenoid retroversion, glenoid
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bone loss, and subluxation of the humeral head can pose technical
difficulties that warrant extensive preoperative planning to opti-
mize the patient’s outcome.’’*>#® As the total number of arthro-
plasties have drastically increased over the past decade, so too have
the need for revision surgeries.* Revision shoulder arthroplasty is
performed in the setting of implant loosening, fracture, infection,
stiffness, instability, and rotator cuff tears.’*

The most frequent cause for revision TSA is early loosening and
failure of the glenoid component.?>?%>3 Factors that have shown to
increase the rates of loosening include eccentric loading of the
humeral head, excessive retroversion, and patients demonstrating
severe posterior glenoid bone loss.>!%?1?351 Systained eccentric
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loading of the glenoid implant can lead to the rocking horse phe-
nomenon and early glenoid implant loosening.'®:?02226:50
Centering forces can be native soft tissue structures, such as the
rotator cuff, but different surgical steps can contribute to post-
operative balanced glenohumeral articulation.> Various strategies
have been used when approaching posterior glenoid wear,
including high side eccentric reaming,'**? posterior glenoid bone
grafting,'*%4! augmented glenoid implants*®#>#85% and in
extreme retroversion cases, reverse TSA (rTSA).29 These steps are
taken to correct retroversion to <15° with the theoretical hope of
decreasing the risks of eccentric implant loading and early TSA
failure. Excessive reaming, however, can lead to removal of strong
and structural subchondral bone, which can compromise glenoid
component fixation and lead to early glenoid implant migration
and failure. Published series using bone graft augmentation in
conjunction with polyethylene glenoid implants have shown sub-
optimal results with graft resorption. The optimal glenoid man-
agement in cases of increased posterior bone loss remains elusive.>”

Because of conflicting outcomes, the ideal method for treating
patients with increased retroversion in the setting of anatomic TSA
remains unknown. The purpose of this study was to introduce a
technique of subchondral bone sparing, noncorrective reaming in
anatomic TSA, and to review outcomes, complications, and survi-
vorship while specifically assessing the impact of preoperative
retroversion on both clinical outcomes and failure. The hypothesis
was that both clinical outcomes and early rates of failure would not
be associated with glenoid retroversion.

Methods
Study cohort

In this institutional review board approved study 2019-17, a
retrospective collection of prospectively collected clinical outcomes
was performed in consecutive patients undergoing anatomic TSA
treated by a single surgeon between 2006 and 2016. Exclusion
criteria were (1) patients who had prior arthroplasty, (2) patients
who were not 2 years out from surgery at the time of follow-up, (3)
patients who refused to participate or had died before the initiation
of the current study, or (4) patients who did not have preoperative
imaging available such as computerized tomography (CT) or mag-
netic resonance imaging (MRI).

Radiographic evaluation

Radiographic parameters, measured by 3 independent re-
viewers (TJ.D., WJ.G., and B.T.G.), included degrees of glenoid
retroversion, inclination, and percent of humeral head subluxation.
Interclass and intraclass correlation were performed by 2
evaluators rerecording all data points on 21 randomly assigned
(12.5%) patients >4 weeks apart from the initial data collection time
point.

Retroversion

Glenoid retroversion was measured using methods consistent
with prior studies.>'" Using advanced 3D imaging of CT or MRI, a
line between the tip of the medial border of the scapula—with the
entire scapula visualized—and central aspect of the midglenoid on
axial scans was first identified to give the scapula axis (Friedman’s
line)."" The version was recorded by taking the angle between 2
points (the anterior and posterior glenoid border) and the scapula
axis with the use of an angle measuring tool on a picture archiving
and communication system (Fig. 1).
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Figure 1 Retroversion angle measured between the longitudinal axis of the scapula
body and the line parallel to the face of the glenoid.

Inclination

Glenoid inclination was recorded in a similar fashion to that
described by Walch and Maurer et al using the picture archiving
and communication system system.>?’ Coronal sections of
advanced imaging modalities (CT or MRI) were obtained at the
deepest point of the supraspinatus fossa. The inclination angle was
defined using a Cobb angle tool with a line paralleling the sclerotic
line of the supraspinatus fossa and a line connecting the most
lateral points on superior and inferior glenoid rim (Fig. 2). The angle
was then subtracted by 90°, which shows positive numbers
reflecting superior glenoid inclination and negative numbers
reflecting inferior inclination.

Subluxation

Using the method as defined by Walch et al,”* subluxation was
defined by the percentage of the humeral head lying posterior to
the scapula axis. Using a mid-glenoid axial image on either CT or
MR, a line is drawn through the scapular body axis into the hu-
meral head. The anteroposterior intersection of this line in relation
to the diameter of the humeral head at this axial slice is used to
calculate the total percent of posterior subluxation and serve as a
surrogate for total posterior wear (Fig. 3).>°

Surgical technique

All surgeries were performed by the senior surgeon (PJ.M.) us-
ing a standard anatomic TSA implant (Apex or Univers 2, Arthrex,
Inc., Naples, FL, USA) with an all-polyethylene pegged cemented
glenoid. Following a standard deltopectoral approach, the sub-
scapularis tendon was released via a lesser tuberosity osteotomy.>®
The humeral head was then exposed and osteotomized to mimic
native humeral version. Next, the glenoid was prepared for
component placement, and minimal noncorrective reaming was
performed. Osteophytes were removed with a rongeur.

Minimal noncorrective reaming was defined as reaming until
there was concentricity of the reamer and the native glenoid and
thus a stable fit of the glenoid implant on the bone. The goal of
reaming was to decorticate the glenoid changing the version and
inclination only until concentricity of the reamed bone and glenoid
component was achieved (Fig. 4). No attempts were made to
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Figure 2 A line is drawn paralleling the sclerotic line of the supraspinatus fossa and
the glenoid fossa line to determine the inclination (B-angle).

Figure 3 Subluxation is determined by comparing the diameter of the humeral head to
a line perpendicular through the central aspect of the humeral head to that of the
scapular axis line to give a total percent of posterior subluxation (s/d x 100).

correct glenoid version to neutral. Posterior coverage of the glenoid
component was maximized, and before proceeding to final im-
plantation, the glenoid implant trial had to be stable without
cement.

Cement was pressurized in the glenoid with a Toomey syringe
and a mechanical pressurizing instrument. Cement was placed on
the backside of the glenoid component around the pegs before its
insertion. The pegged, all-polyethylene glenoid component was
then inserted and impacted into the glenoid followed by removal of
any excess cement.

After implantation of the glenoid component, the humerus was
reamed and broached to an appropriate size, and the stemmed
humeral implant was inserted. Because of the span of time and
number of procedures performed, both metaphyseal and diaphyseal
stabilizing implants were used. Finally, after trialing heads to ensure
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Figure 4 View of the glenoid post minimal, noncorrective reaming.

adequate soft tissue balance, stability, and range of motion, an
anatomic humeral head component was placed. The lesser tuber-
osity osteotomy was repaired using 3 sutures passed through the
lesser tuberosity bone fragment, passed around the humeral
component shaft before final seating of the humeral implant.>®

Postoperative rehabilitation

Postoperative rehabilitation included immediate passive range
of motion without restriction in all planes with the exception of
external rotation, which was limited to 30° for the first 3 weeks
postoperatively. At 3 weeks, full passive and active ranges of motion
were permitted.”® Strengthening commenced at 5-6 weeks post-
operatively. After full range of motion and strength were obtained
(typically 4-5 months postoperatively), full activities were
permitted. No restrictions were placed on patients’ recreational,
work, or sporting activities after 4-6 months.”®

Outcome scores

The following clinical outcomes were collected prospectively at
baseline and at regular postoperative follow-up: American Shoul-
der and Elbow Surgeons (ASES) score, Single Assessment Numerical
Evaluation (SANE) score, Quick Disabilities of the Arm, Shoulder
and Hand (QuickDASH) score, the physical component summary
(PCS) of the 12-item Short Form (SF-12) questionnaire, and patient
satisfaction (integer scale 1-10 with 10 representing highest satis-
faction). Complications and further surgical interventions were
assessed.

At a minimum follow-up of 2 years postoperatively, question-
naires with the aforementioned scores were sent to the patients
electronically. If patients did not return their questionnaires, they
were contacted via telephone or email and were asked to complete
the shoulder survey. No questions regarding the patient reported
outcomes (PROs) were asked via telephone to avoid response bias.
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n=351 Primary TSA’s

Omitted n=146

n=59 prior arthroplasty

n=76 not 2-years out from surgery
n= 3 patients, 4 shoulders have died
n= 7 refused to participate

n=205 Primary TSAs that are a minimum 2-years out from surgery
and were eligible for 2-year follow-up

Omitted
n=37 shoulders that did not have
advanced pre-op imaging (MRI or CT)

|

|[—————

v

were included

n=168 TSA’s in 148 patients performed between 07/19/2006 to 1/4/2016

« Minimum 2 year was obtained on 151/168 shoulders (90%)
* 5TSA’s were revised (3.3%)

Figure 5 Flow diagram of patients included in this study. TSA, total shoulder arthroplasty.

Statistical analysis

The primary analysis method to assess the relationship between
glenoid retroversion and each patient-reported outcome scale was
simple ordinary least squares (OLS) regression. As a sensitivity
analysis, multivariable ordinal logistic regression models with
multiple imputation and restricted cubic spline relationships were
constructed to adjust for age, sex, glenoid inclination, percent
subluxation, Walch classification, and baseline PRO score. In addi-
tion to providing adjusted effects for the primary hypothesis, the
latter more complex analysis was performed to better handle the
skewed response variable distributions that can lead to suboptimal
OLS model fits. Our a priori intention was to report the more
straightforward analysis as the primary results and then second-
arily report the sensitivity analysis models where clinically relevant
differences in interpretation were identified.

Comparison between preoperative and postoperative outcome
scores was assessed using the Wilcoxon signed-rank test. Interrater
and intrarater measurement reliability were assessed with the
absolute agreement, single-measures intraclass correlation coeffi-
cient (ICC) was assessed using a subset of 20 randomly assigned
patients. Bivariate nonlinear (LOESS) correlations were run for data
that were not normally distributed. The ICC values were graded
using the scale described by Fleiss et al (excellent reliability
(0.75> ICC < 1.00), fair to good reliability (0.40 = ICC < 0.75), and
poor reliability (0.00 = ICC < 0.40). ICC values were calculated
using SPSS, version 11.0 (SPSS Inc, IBM, Armonk, NY, USA). All other
graphs and analyses were completed with the statistical package R
Version 3.5.2 (R Development Core Team, Vienna, Austria with
additional package rms; access date June 10, 2019).1>>°

Results
Study population
A total of 168 consecutive TSA surgeries in 148 patients were

identified between 2006 and 2016. There was a total of 148 patients
(43 females and 105 males) with average age of 63.9 years (range
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20.6-82.7 years). Walch classification of glenoid morphology of the
study population included A1 = 51, A2 = 10, B1 = 32, B2 = 51,
B3 =4, and C = 20. There were 160 TSAs for primary osteoarthritis,
and 8 for secondary or post-traumatic osteoarthritis. Complete
follow-up (minimum 2-years) was available for 151/168 anatomic
TSAs (90% follow-up), with a mean follow-up of 4.6 years (range 2-
12 years; Fig. 5).

The mean retroversion and inclination determined retrospec-
tively on preoperative advanced imaging of MRI or CT for all
included shoulders was 15.6° (range, 0.2-42.1) and 13.9°
(range, —11.3 to 44.3), respectively. The mean posterior subluxation
was 15.1 % (range, —3.6 to 44.1%).

All median [1st quartile, 3rd quartile] outcome scores improved
significantly from pre- to postoperatively: ASES (48 [37, 62] to 92
[71, 98]; P < .001), SANE (50 [30, 69] to 89 [59, 97]; P < .001),
QuickDASH (41 [30, 50] to 9 [5, 32]; P <.001), and SF-12 PCS (37 [33,
45] to 53 [42, 57]; P < .001). At final follow-up, the median satis-
faction was 10/10 (1st quartile = 7, 3rd quartile = 10).

Glenoid retroversion was not significantly associated with any
postoperative PRO scale; ASES (beta 0.27, standard error
[SE] = 0.18, P =.141), QuickDASH (beta = —0.27, SE = 0.17, P = .122),
SANE (beta = —0.10, SE = 0.28, P =.712), and SF-12 PCS (beta = 0.16,
SE = 0.09, P = .082). Scatter plots and linear regression fits are
presented in Figure 6. Multiple ordinal logistic regression, per-
formed as a sensitivity analysis, did not identify clinically mean-
ingful differences in the interpretation of the relationship between
retroversion and each PRO.

Furthermore, simple OLS regression found no significant asso-
ciations between inclination or subluxation and any of the post-
operative PROs. Finally, 5 total failures occurred, which required
revision or conversion to rTSA 3.3% (5/151) (Table I).

Finally, bivariate analysis found no statistically significant dif-
ference in postoperative SANE, QuickDASH, ASES, SF-12 PCS, or
patient satisfaction depending on the Walch classification. The re-
sults are further confirmed by multiple regression models where
the Walch classification was not a statistically significant inde-
pendent predictor of any PROM when adjusting for age, sex,
baseline PRO, inclination, subluxation, and retroversion.
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Figure 6 Scatterplots and linear regression associations between glenoid retroversion and 4 postoperative patient-reported outcome scales. @ represent individual patients,

whereas

Table I
Retroversion, inclination, and subluxation of TSA failures.

represent estimated regression relationships, and the gray shaded areas represent 95% confidence regions for each regression.

Patient Age Sex Glenoid type Inclination Subluxation (%) Causation of failure Months from primary surgery
1 60.5 F B2 354 61.5 Glenoid Implant loosening 26.4

2 55.8 M B1 124 88.1 C. Acnes infection 36.3

3 53.4 M B1 149 50.2 C. Acnes infection 39.2

4 57.8 M C 23.7 62.7 Glenoid implant loosening 27.6

5 58.7 F Al 28.1 57.2 Glenoid implant loosening 49

F, female; M, male; TSA, total shoulder arthroplasty.

Discussion

The most important finding in this study was that in this large
single surgeon series at a mean of 4.6 years and minimum 2-year
follow-up, increased retroversion was not associated with
increased risk of failure nor any difference in clinical outcome
scores. Although many previous studies empirically recommended
correction to a glenoid retroversion (5°-15°) with the intention of
avoiding abnormal positioning, a possible rocking horse effect, and
potentially early glenoid polyethylene loosening, this study finds
that minimal corrective reaming had no bearing on clinical
outcome scores and, furthermore, demonstrated no clinical
symptoms of early loosening or failure.'*** The data from this study

suggest that bone preservation with minimal corrective reaming in
the setting of anatomic total shoulder replacement can produce
reliable and durable results with improvement in all PRO domains
at 4.6-year follow-up. The data suggest that the quality of the fix-
ation of the glenoid component in the bone may be an important
factor and that preserving bone quality by avoiding excessive
reaming might enhance outcomes.

Because of past biomechanical and clinical series, there are
concerns of higher complication rates and risks of revision in cases
with severe retroversion when performing anatomic TSA. In com-
plex shoulders with increased posterior bone loss and retroversion,
there are several strategies to address and correct the bone defi-
ciency and retroversion: high side corrective reaming, posterior
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glenoid bone grafting, augmented glenoid implants, or even rTSA in
extreme cases,'1729:30.40-42:48.52.54 previous dogma recommended
placement of polyethylene glenoids in <15° of retroversion to avoid
early loosening and possible failure.>”!>1%44 However, several
recent clinical series have shown reliable outcomes with bone
preserving reaming techniques that are noncorrective.>*%> Our
findings are consistent with Service et al, who found equivalent
outcomes at 2-year follow-up when glenoid implants were placed
with minimal corrective high-sided reaming and no attempts of
changing native version.*® Furthermore, these studies showed
excellent and durable outcomes with revision rates <6% regardless
of preoperative retroversion ®** The findings from our cohort
demonstrate no association between retroversion and failure rates
and a low risk of failure (3.3%) regardless of native preoperative
version when bone preserving and noncorrective reaming strategy
for glenoid preparation is used.

Similar to retroversion, increased glenoid inclination (B angle) is
associated with more severe and degenerative osteoarthritis of the
shoulder.'® Increases in glenoid inclination and scapular tilt have
been implicated in scapular notching and impingement with
TSA.'? Biomechanical studies have been performed evaluating the
importance of residual coronal plane deformity in the setting of
anatomic TSA. These have demonstrated increased risk of superior
migration and subluxation if superior inclination is not corrected.>
There remains a paucity of clinical outcome studies focusing on
coronal plane deformities in anatomic TSA and its long-term im-
plications both on implant survivorship and patient outcomes.
Unlike the implications associated with rTSA, at mid-term follow-
up, glenoid inclination did not adversely affect survivorship or PROs
when evaluated as an independent variable. The implications of
these findings are important, as surgeons should note preoperative
inclination for planning purposes, but surgical correction back to a
normal glenoid inclination’ is not necessary with bone preserving
techniques.

Even when using augmented implants to neutralize prosthetic
version, preoperative posterior humeral head subluxation has been
associated with lower postoperative outcome scores and satisfac-
tion.'® However, subluxation has not been associated with
increased risk of loosening or signs of early implant failure with
modern implants.>® In our series, when controlling for possible
confounding variables, subluxation did not have an effect on the
need for revision arthroplasty or inferior clinical outcomes.
Although native mechanics may not be reestablished when using a
minimal reaming technique, we surmise that improvements seen
in function and satisfaction are because of the placement of the
prosthesis in a position that the soft tissues had conformed to over
years of degenerative wear and use.

The strengths of this study include the evaluation of 3 inde-
pendent radiographic variables (retroversion, subluxation, and
inclination) and their association to the clinical variables of
outcome scores, failure rates, and patient satisfaction at mid-term
follow-up. Furthermore, the technique was performed by a single
surgeon, which acts to limit the variability of technique, controls for
implants, and standardizes the postoperative protocol. Finally, with
90% follow-up, to our knowledge, this is the largest series to date.

Limitations

Advanced imaging was not routinely obtained postoperatively
on all patients to critically evaluate the degree of correction from
each individual patient. Ideally, patients would undergo advanced
CT imaging at minimum 6-month follow-up to evaluate final
version achieved; however, in such a large cohort that is asymp-
tomatic, this was not possible nor feasible to do, as it would
subject patients to unnecessary radiation. Furthermore, routine
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radiographs are taken up to 6 months postoperatively unless pa-
tients return with symptoms at a later date, which would neces-
sitate further radiographic workup beyond this time point; as a
result, this study cannot specifically comment on early loosening
but instead focused on patient outcomes, satisfaction, and need for
revision surgery. Although no decline in scores was seen when
controlling for retroversion, inclination, and subluxation, the find-
ings of this study are limited to only these pathologies. In more
severe cases (subluxation >44%, retroversion >40°, and inclination
>30°) or over longer durations of follow-up, the results of this study
may not hold true. Further investigations are necessary with longer
follow-up to carefully evaluate long-term outcomes and risk of
loosening/failure in patients who undergo anatomic TSA in the
setting of increased retroversion, subluxation, and inclination.

Conclusion

Anatomic total shoulder replacement with minimal and non-
corrective glenoid reaming demonstrates reliable increases in pa-
tient satisfaction and clinical outcomes at a mean of 4.6-year
follow-up in patients with up to 40° of native retroversion.
Higher values of retroversion were not associated with early
deterioration of clinical outcomes, revisions, or failures. Long-term
studies are needed to see if survivorship and outcomes hold up over
time.
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