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Background: Ideal management of severe glenoid retroversion during anatomic total shoulder arthro-
plasty (TSA) remains controversial, as previous reports have suggested that severe retroversion may
negatively impact clinical outcomes. The purpose of this study was to evaluate the impact of severe gle-
noid retroversion on clinical and radiographic TSA outcomes using a standard glenoid component, as
well as to compare outcomes among patients with less severe retroversion.

Methods: A case-control study was performed comparing 40 patients treated with TSA with more than
20° of glenoid retroversion preoperatively (average follow-up, 53 months) vs. a matched cohort of 80
patients with less than 20° of retroversion (average follow-up, 49 months). In all patients, the surgical
technique, implant design, and postoperative rehabilitation protocol were identical. Patients were
matched based on sex, age, indication, and prosthetic size. Comparisons were made regarding patient-
reported outcome measures (PROMs), motion, postoperative radiographic loosening, and the presence
of medial calcar resorption.

Results: Preoperatively, both groups demonstrated similar PROMs and measured motion, except for
preoperative Single Assessment Numeric Evaluation scores and American Shoulder and Elbow Surgeons
total scores, which were higher for the severe retroversion group (44.4 vs. 31.3 [P =.012] and 34.9 vs.
29.4 [P = .048], respectively). Postoperative PROMs and motion were also similar between the 2 co-
horts. No significant differences were observed for postoperative radiographic findings. Medial calcar
resorption was identified in 74 patients (61.7%). Calcar resorption and individual resorption grades
were not found to differ significantly.

Conclusion: At midterm follow-up, preoperative severe glenoid retroversion does not appear to
influence clinical or radiographic outcomes of TSA using a standard glenoid component.

Level of evidence: Level III; Case-Control Design; Treatment Study
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Glenoid retroversion is commonly observed in the
arthritic shoulder,” with reports suggesting an average of
15° of retroversion in the arthritic shoulder compared with
7° in the normal shoulder.'” With the introduction of 3-
dimensional measurements and virtual planning software,
there has been a growing appreciation of the challenges in
managing glenoid retroversion with anatomic total shoulder
arthroplasty (TSA).'*®

Management of severe retroversion during TSA has
remained controversial, as authors have advocated
various treatment strategies including partial version
correction,'”>*  minimal correction,”’ and use of
augmented glenoid components.*”'*** Although some
have advocated correction of glenoid version to within 5°
of a plane perpendicular to the plane of the scapula,'” this
can be challenging in cases of severe retroversion in part
because of difficulties with exposure, limitations of
implant design, the risk of losing subchondral bone
support, and the implications of joint medialization.
Advocates of partial correction have demonstrated early
outcomes with low rates of glenoid loosening, humeral
head subluxation, and dislocation, although these
complications certainly occur.*’'"'*** However, there
remains a paucity of data available in the literature on the
various treatment methods for managing excessive
glenoid version.

Although it has been suggested that implantation of a
glenoid component in excessive glenoid retroversion may
lead to worse outcomes,'’"* data comparing the results
of patients with severe preoperative retroversion and
those with less retroversion remain limited. The
purpose of this study was to evaluate the impact of severe
preoperative glenoid retroversion (>20°) on clinical
and radiographic outcomes of TSA through a case-control
comparison with patients with less glenoid retroversion
using the same glenoid preparation technique (reamed
to match the backside of the glenoid component with
partial correction of eccentric wear when present),
implant, and rehabilitation protocol. The hypothesis was
that patients with severe retroversion would have
worse clinical outcomes and higher rates of glenoid
loosening.

Materials and methods

A retrospective query of our institutional shoulder arthroplasty
repository was performed to identify patients treated with an
anatomic TSA using a single implant system (Turon; DJO, Austin,
TX, USA) with complete preoperative and minimum 2-year
postoperative patient-reported outcome measures (PROMs).
Preoperative  mid-glenoid 2-dimensional axial computed
tomography (CT) scans were used to calculate glenoid
retroversion using the technique described by Friedman et al.® A
total of 40 patients with greater than 20° of retroversion (average,
24° of retroversion; range, 20°-38° of retroversion) comprised the
study group.

A case-control analysis was performed by identifying a
matched set of patients with less than 20° of preoperative retro-
version. Patients were matched at a ratio of 2:1 based on sex, age
(within 5 years), surgical indication, and glenoid component size
(within 1 size). A total of 80 patients with less than 20° of pre-
operative retroversion (average, 7.45° of retroversion; range, 16°
of anteversion to 19° of retroversion) were included in the control
group.

The surgical technique, implant design, and postoperative
rehabilitation protocol were identical in all patients. The senior
author performed all TSA procedures using a deltopectoral
approach. The glenoid was prepared using noncannulated reaming
instrumentation with a goal of preparing the glenoid surface to
create a minimum of 80% backside concentric support without
violation of subchondral bone support.'” In cases of eccentric
wear, the glenoid was reamed to match the backside of the glenoid
component, typically preferentially reaming the anterior glenoid
and partially correcting glenoid version.

The standard all-polyethylene glenoid component was
cemented in all cases with cement pressurization using a syringe,
with additional cement placed on the backside of the glenoid
component prior to implantation. Peg components were
predominantly used unless the glenoid vault was determined to be
narrow based on preoperative imaging. There were 2 keeled
glenoid components used in the study group and 5 keeled glenoid
components used in the control group. The humeral stem was
implanted by a press-fit technique, with selection of the humeral
size based on the smallest broach needed to achieve rotational
stability. Morselized bone graft from the humeral head
was impacted into the humeral canal prior to implantation of the
stem.

The postoperative rehabilitation protocols were standardized
for both cohorts. A shoulder immobilizer was worn for the initial 6
weeks, and patients were instructed to perform a self-administered
exercise program beginning with pendulums for the initial 6
weeks, followed by active-assisted stretching for the subsequent
6 weeks. Strengthening and lifting were not initiated until
3 months.

Comparisons were made regarding PROMs, motion, and
postoperative radiographic loosening. PROMs included the
Simple Shoulder Test score, Single Assessment Numeric
Evaluation score, visual analog scale score for function, American
Shoulder and Elbow Surgeons total score, and visual analog scale
score for pain. Patients graded satisfaction with the procedure as
excellent, good, satisfactory, or unsatisfactory. In addition, they
were asked whether they would undergo the same procedure
again.

Range-of-motion measurements of active elevation and
external rotation were routinely obtained by recording the pa-
tients’ best effort with a manual goniometer. Internal rotation was
measured based on the highest midline segment of the back that
could be reached; this was converted to a numerical value.”’

Preoperative mid-glenoid CT scans were used to classify gle-
noid wear as eccentric or concentric, and a glenoid-based sub-
luxation index was calculated.”” The most recent postoperative
anteroposterior and axillary lateral radiographs were reviewed.
Glenoid loosening (according to Lazarus et al'’) and humeral
loosening (according to Sperling et al**) were recorded. Any shift
in position of the humeral component was also recorded.
Consensus between at least 2 trained reviewers and a final
confirmation by the senior author were required in the assessment
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Figure 1

Calcar resorption grading system using anteroposterior radiographs. Calcar height is measured at the inferior level of the

humeral head. As the calcar resorption progresses, the grade increases. Grade 1 denotes the zone between the solid medial line and the
dashed line. Grade 2 denotes the zone between the dashed line and the solid lateral line. Grade 3 denotes the zone medial to the solid
medial line. This patient shows significant progression from grade 1 at 3 months (left) to grade 3 at final follow-up (right).

of all radiographic imaging. The opinion of the senior author was
used in cases of dissent.

Calcar resorption was evaluated on the most recent post-
operative anteroposterior radiographs using a newly devised
grading system to quantify the degree of medial calcar resorption
(Fig. 1). Calcar resorption of less than 50% of the medial head
width corresponded to grade 1, resorption of 50% to 100% of the
medial head width corresponded to grade 2, and resorption past
the head-neck junction with exposure of the humeral stem cor-
responded to grade 3.

Appropriate descriptive statistics including frequencies and
percentages, along with means and standard deviations, were
calculated for all variables. Because each case had 2 controls,
conditional logistic regression was performed to evaluate bivariate
associations. Paired r tests were used to measure the efficacy of
treatment, stratified by cases and controls. Data analysis was
conducted using SPSS software (version 23; IBM, Armonk, NY,
USA). All statistical tests were 2-tailed, and P < .05 was used to
determine significance.

Results

The 2 cohorts were well matched, with a similar average
age of 71 years (P =.762) and a similar sex distribution (P
= .480), glenoid size (P > .999), and humeral head size (P
= .686). The average clinical follow-up period was 53
months (range, 24-129 months) for the severe retroversion
group and 49 months (range, 24-112 months) for the con-
trol group (P = .344). The average radiographic follow-up
periods for the treatment (36 months; range, 3-100 months)

and control (35 months; range, 3-111 months) cohorts were
comparable (P = .790). Furthermore, preoperative com-
parisons between the 2 cohorts identified no significant
differences in preoperative CT-based measurements other
than glenoid version (Table I), which averaged 24° for the
retroversion group and 7° for the control group. Similarly,
baseline outcome scores (Table II) and measured range of
motion (Table IIT) were similar for the 2 groups, except for
preoperative Single Assessment Numeric Evaluation scores
and American Shoulder and Elbow Surgeons total scores,
which were higher for the severe retroversion group (44.4
vs. 313 [P = .012] and 34.9 vs. 294 [P = .048],
respectively).

At most recent follow-up, postoperative PROMs (Table
1) and range of motion (Table III) were similar between
the 2 cohorts. Both cohorts had similar satisfaction with
surgery (97.5%) and a similar desire to undergo the same
procedure again (Table II).

TSA was effective at improving motion and PROMs for
both cohorts. Significant improvements from preoperative
to postoperative levels were observed in all motion mea-
surements and all PROMs (Table IV).

Postoperative radiographs identified calcar resorption in
61.7% of the entire combined cohort, with no difference in
incidence between the 2 cohorts (Table I). Further classi-
fication based on grade found similar rates of grade 1, grade
2, and grade 3 resorption between the 2 cohorts.

Although gross loosening was identified only
among patients with severe retroversion, no significant
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Table I Preoperative CT and postoperative radiographic
findings
>20° of <20° of P
retroversion retroversion value
(n = 40), (n = 80),
n (%) or n (%) or
mean £ SD  mean £ SD
Preoperative findings
Version, ° 24+43 71+£79 <.001"
Levine classification' .242
Concentric 27 (67.5) 62 (77.5)
Eccentric 13 (32.5) 18 (22.5)
Subluxation 522 £ 7.6 51.5+9.0 .662
index, %
Postoperative findings
Calcar resorption 26 (65) 48 (60) .593
Calcar resorption .662
grade
1 1 (3.9) 9 (18.8) .261
2 18 (69.2) 34 (70.8) .582
3 7 (26.9) 5 (10.4) .366
Glenoid loosening
Any loosening 8 (20) 9 (11.3) 194
Gross loosening 3 (7.5) 0 (0) .340
Revision 0 0 =

CT, computed tomography; SD, standard deviation.
* Statistically significant (P < .05).
T Missing data for 1 patient.

difference was observed (Table I). Three patients were
identified to have gross glenoid loosening at 89 (Fig. 2), 82,
and 85 months after surgery. No cases of gross humeral
loosening or shift in position of the humeral component
occurred. There were no cases in which surgical revision
was performed in either cohort following the index
procedure.

Discussion

Severe glenoid retroversion remains a challenging problem
in anatomic TSA, with several options available for the
treating surgeon. Our study supports the use of a
similar surgical technique for management of various
degrees of glenoid retroversion using a standard cemented
all-polyethylene glenoid component. By use of a similar
surgical technique, no significant differences in outcome,
satisfaction, or radiographic findings were observed at an
average of 3 years’ follow-up.

Although significant differences were not observed in
glenoid loosening between the groups, the 3 cases of gross
glenoid loosening occurred in the severely retroverted
cohort and the observation of any degree of glenoid
loosening was nearly twice as common in this group
(Table I). Patients with severe retroversion are at risk of
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Table II  Preoperative and postoperative clinical outcomes
(N = 120)
>20° of <20° of P
retroversion retroversion value
(n = 40), (n = 80),
n (%) or n (%) or
mean £ SD  mean £ SD
SST score
Preoperative 3.7 +29 33x25 .373
Postoperative 9.5+ 28 9.1+28 .432

Amount of improvement 5.7 3.5 5.7 3.1 .991
SANE score

Preoperative 44.4 + 24.6 31.3 + 22.3 .012

Postoperative 80.6 + 22.5 78.3 £ 26.7 .642

Amount of improvement 37.3 £ 35.3 46.5 + 37.0 .203
VAS score for function

Preoperative 4.0 £ 2.0

Postoperative 8.4 + 2.1

Amount of improvement 4.5 + 3.0
ASES total score

Preoperative 34.9 £ 15.4 29.4 £ 15.9 .048

Postoperative 84.8 + 18.9 78.8 + 21.1 .116

Amount of improvement 50.5 £ 27.7 49.7 + 23.0 .942
VAS score for pain

Preoperative 6.3 £2.0 6.5+25 .403

Postoperative 1.3+25 1.8+ 2.8 .300

Amount of improvement -5.1 &+ 3.3 -4.8 + 3.2 .800
Satisfaction .988

*

3.4+ 2.1 .167
8.1 £23 .479
4.7 £3.0 .664

*

Excellent 33 (82.5) 59 (73.8)  .261
Good 6 (15) 13 (16.2)  .838
Satisfactory 0 (0) 6 (7.5) 314
Unsatisfactory 1 (2.5) 2 (2.5) >.999
Would undergo same 37 (92.5) 71 (88.8)  .525

procedure again

SD, standard deviation; SST, Simple Shoulder Test; SANE, Single
Assessment Numeric Evaluation; VAS, visual analog scale;
ASES, American Shoulder and Elbow Surgeons.

* Statistically significant (P < .05).

eccentric loading of the glenoid component, with
preferential posterior forces that may result in glenoid
loosening and/or asymmetrical glenoid wear."*'® Although
the incidence of gross loosening in this series was low, the
average radiographic follow-up period was 36 months and
the 3 patients with gross glenoid loosening had undergone
surgery nearly 7 years earlier. Longer radiographic
follow-up will likely result in higher rates of gross glenoid
loosening with the cemented all-polyethylene glenoid
implant used in our patients. Modern glenoid components
with enhanced fixation features and improved polyethylene
wear characteristics may also help to lower the incidence of
glenoid loosening.

The surgical technique used for glenoid preparation in
this study emphasizes the creation of a concentric surface,
often with partial correction of glenoid retroversion. In
principle, this technique has a primary goal of implant
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Table III  Preoperative and postoperative motion
>20° of <20° of P
retroversion retroversion value
(n = 40), (n = 80),
mean == SD  mean £ SD
Active elevation, °
Preoperative 92.5 £ 26.3 96.6 &+ 33.0 .394
Postoperative 138.4 £ 18.6 136.3 £ 23.5 .59%4

Amount of improvement 49.7 £+ 24.3 39.3 + 33.2 .103
Active external rotation, °

Preoperative 15.7 + 16.3 21.3 £ 20.4 .114

Postoperative 47.5 +£ 119 47.9 £+ 11.7 .873

Amount of improvement 31.7 &+ 17.6 26.6 &+ 21.4 .192
Active internal rotation”

Preoperative 33+ 1.7 3.6 £ 2.3 .512
Postoperative 7.4 £ 1.7 6.8 £ 2.2 .148
Amount of improvement 4.1 + 2.0 3.1 + 2.8 .099

SD, standard deviation.

* Active internal rotation was evaluated on a 10-point scale: 2
points, buttock or greater trochanter; 4 points, sacrum to L4; 6
points, L3 to L1; 8 points, T12 to T8; and 10 points, T7 to T1.

stability by creating a concentrically prepared surface to
match the backside of the glenoid and avoiding violation of
subchondral bone support. The secondary goal of this
technique is the correction of glenoid version, which is
accomplished by asymmetrically preparing the glenoid
surface. In the setting of severe glenoid retroversion,
corrective reaming to a ‘“‘normal” range of glenoid risks
joint medialization and violation of the important
subchondral bone support, which makes soft-tissue
balancing challenging and places the glenoid component at
risk of subsidence™* and early loosening.

Similar techniques have been reported in the literature.
Orvets et al'’ retrospectively reviewed a series of patients
with Walch type B2 glenoids wherein partially corrective
reaming was used with standard glenoid component TSA;
they found no significant PROM or radiographic differ-
ences between patients with more than 20° and patients
with less than 20° of preoperative retroversion. Similarly,
Service et al’' evaluated outcomes of TSA patients with
more or less than 15° of postoperative retroversion, finding
no significant difference concerning PROMs and radio-
graphic lucency. Hussey et al'’ retrospectively compared
outcomes of TSA between preoperatively concentric and
eccentric glenoids wherein a technique of glenoid
preparation similar to that in our study was used; no
difference in PROMs was found, whereas gross loosening
was found to develop at a higher rate in patients with
eccentric glenoids. Although the series by Service et al did
not direct specific efforts at correcting glenoid version, the
surgical technique for glenoid preparation in our series was
similar to that used in the series reported by both Orvets
et al and Hussey et al.

Table IV Efficacy of treatment (N = 120)
Preoperative, Postoperative, P value
mean &= SD  mean £ SD
SST score
>20° of retroversion 3.7 & 2.9 9.5 +28 <.001"
<20° of retroversion 3.3 &+ 2.5 9.1 +£28 <.001"

SANE score
>20° of retroversion 44.4 + 24.6
<20° of retroversion 31.3 4 22.3

VAS score for function
>20° of retroversion
<20° of retroversion

ASES total score
>20° of retroversion 34.9 + 15.4 84.8 + 18.9 <.001"
<20° of retroversion 29.4 + 15.9 78.8 &+ 21.1 <.001"

VAS score for pain
>20° of retroversion
<20° of retroversion

Active elevation, °
>20° of retroversion 92.5 + 26.3 138.4 + 18.6 <.001"
<20° of retroversion 96.6 + 33.0 136.3 + 23.5 <.001"

Active external
rotation, °
>20° of retroversion 15.7 + 16.3 47.5 + 11.9 <.001"
<20° of retroversion 21.3 + 20.4 47.9 + 11.7 <.001"

Active internal rotation’
>20° of retroversion
<20° of retroversion

80.6 + 22.5 <.001"
78.3 + 26.7 <.001"

<.001"
<.001"

4.0 £ 2.0
3.4+ 21

8.4 £2.1
8.1+ 24

<.001"
<.001"

6.3 £ 2.0
6.5 &+ 2.5

1.3+ 25
1.8 £2.8

3.3+ 1.7 7.4+ 17 <.001"
3.6 £ 23 6.8 £ 2.2 <.001"

SD, standard deviation; SST, Simple Shoulder Test; SANE, Single
Assessment Numeric Evaluation; VAS, visual analog scale; ASES,
American Shoulder and Elbow Surgeons.

* Statistically significant (P < .05).

T Active internal rotation was evaluated on a 10-point scale: 2
points, buttock or greater trochanter; 4 points, sacrum to L4; 6
points, L3 to L1; 8 points, T12 to T8; and 10 points, T7 to T1.

Critics of corrective reaming rightly emphasize a limited
capacity in treatment of the severely retroverted glenoid.
With average retroversion of 24° and cases as extreme as
38°, it would be challenging to expect that corrective
reaming to neutral would have been successful in our se-
vere retroversion cohort. Existing literature has noted that
attempting to significantly correct version in these cir-
cumstances runs the risk of excessive anterior glenoid bone
removal and/or component placement in residual retrover-
sion and, consequently, an expectation of poor out-
comes, > 111520 Furthermore, Gillespie et al,” Clavert
et al,” and Nowak et al'® have attempted to quantify the
degree of correctable retroversion, suggesting an upper
limit of 15° to 18° before inherent anatomy is compro-
mised. However, our findings suggest that a technique that
uses partial correction can be an effective technique in this
challenging patient population with severe retroversion
(>20°) without sacrificing radiographic outcomes (Table I),
clinical outcomes (Table II), patient satisfaction (Table II),
or range of motion (Table III) compared with patients with
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Figure 2

Imaging of a 66-year-old female patient with severe osteoarthritis. (a) Preoperative anteroposterior radiograph. (b) Preoperative

axillary radiograph. (c¢) Preoperative mid-axial computed tomography scan, demonstrating 23° of retroversion. Comparison of the initial
postoperative (d, e) and 89-month follow-up (f, g) anteroposterior and axillary radiographs demonstrates gross glenoid loosening and grade

3 medial calcar resorption.

more acceptable deformity. Although long-term studies are
likely to provide further insight into the merits of this
technique, our midterm data suggest this method is a viable
option for patients.

An alternative solution for this patient population is
the augmented glenoid. Advocates of augmented
glenoid components focus on the primary goal of
restoring normal glenoid version without medialization of
the joint line. Although the initial early experience using
augmented glenoid components demonstrated satisfactory
clinical results, patients experienced persistent posterior
instability.'® With little advantage over traditional glenoid
components, this design was abandoned'® until relatively
recently with the advent of enhanced fixation features.
Favorito et al’ and Stephens et al’® have since reported
good to excellent improvements in pain and function at
midterm follow-up using an augmented glenoid with
enhanced fixation in the setting of glenoid retroversion.

Depending on the glenoid morphology and wear pattern,
preparation of the posterior glenoid to facilitate compo-
nent placement risks removing substantial bone. Although
this may not decrease the structural support, it can create
challenges in revision surgery related to glenoid bone
loss.” Additional augmented glenoid designs have
focused on minimizing glenoid bone removal and use
various forms of enhanced fixation, including hybrid
glenoid components with metal osseous integration
potential.'*

An additional alternative advocated by a few authors is
the use of bone graft to restore glenoid version during TSA.
Bone grafting during TSA has been marked with challenges
as high rates of nonunion, fixation failure, and inappro-
priate settling have been reported.'”'” Moreover, although
the literature has noted that bone graft techniques can
produce moderate to good improvements in function,”'***
this may come at the expense of a nearly 50% risk of
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radiographic loosening, failure, or otherwise unsatisfactory
results.”' "

This study is not without limitations. With an average
radiographic follow-up period of 36 months with some
patients having only 3-month radiographs, higher rates of
glenoid loosening will likely present over time. However,
the clinical significance of such glenoid loosening may
not become relevant until later, as clinical follow-up at an
average of over 4 years supports maintained improve-
ments in pain and function. In addition, the glenoid
component used lacks a requirement for a large amount of
glenoid bone removal for pegged or keeled fixation and
lacks enhanced fixation features. Modern glenoid com-
ponents with enhanced fixation and improved wear ca-
pacity may improve the longevity of the implants and
produce even lower rates of glenoid loosening. Further-
more, postoperative CT scans were not used to assess
postoperative glenoid version or radiographic loosening.
Thus, it is not possible to know what the actual post-
operative glenoid version was, and cases of component
loosening may have been missed on standard radiographs.
Finally, the results of this study, as a single-surgeon se-
ries, may not be able to be extrapolated to the general
orthopedic community. The strengths of the study relate
to the study design with well-matched cohorts. Nonethe-
less, with low rates of gross glenoid loosening and no
cases of humeral loosening, the study may suffer from a
lack of power to detect significant differences in compo-
nent loosening.

Conclusion

Midterm results of TSA using a standard cemented all-
polyethylene glenoid component, with a primary goal of
creating a concentric glenoid surface for component
placement with partial correction of glenoid retrover-
sion, demonstrate similar findings for patients with se-
vere glenoid retroversion and those with more normal
glenoid retroversion.

Disclaimer
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