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a b s t r a c t

Background: To address severe posterior subluxation associated with the Walch B2 glenoid deformity,
the eccentricity of the prosthetic humeral head can be reversed, allowing the humerus to remain in a
relatively posterior position while the prosthetic humeral head remains well-centered on the glenoid.
This study describes the short-term outcomes after anatomic total shoulder arthroplasty (TSA) using this
technique.
Methods: We retrospectively reviewed a consecutive series of patients with a B2 glenoid who under-
went TSA with the prosthetic eccentric humeral head rotated anteriorly for excessive posterior sub-
luxation noted intraoperatively. Medical records were reviewed for visual analog scale (VAS), American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form (ASES), and Simple Shoulder Test
(SST) scores. Final radiographs were analyzed for instability, lesser tuberosity osteotomy healing, and
glenoid loosening.
Results: Twenty patients were included with outcome scores at a mean of 48 months. Mean VAS
(P < .0001), ASES (P < .0001), and SST (P < .0001) scores improved significantly. Using the Lazarus
classification for glenoid loosening, 5 patients had grade 1 lucency and 2 had grade 2 lucency at a mean
of 24 months' follow-up. The remaining 13 patients had no glenoid lucencies. Radiographic decentering
was reduced from a mean of 9.9% ± 5.7% preoperatively to 0.5% ± 3.0% postoperatively (P < .001). There
were no cases of lesser tuberosity repair failures or revision surgery.
Conclusion: TSA in patients with a B2 glenoid with a reversed, anterior-offset humeral head to address
residual posterior subluxation resulted in excellent functional outcomes at short-term follow-up with
improvement in humeral head centering. Early radiographic follow-up suggests low risks of progressive
glenoid lucencies and component loosening.

© 2020 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/).
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Total shoulder arthroplasty has been shown to provide pre-
dictable pain relief and improvements in range of motion and
function.2,3,15,16 However, in the setting of a biconcave glenoid wear
pattern, classified by Walch as the “B2 glenoid,” outcomes have
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been shown to be less predictable. Glenoid loosening continues
to be the most common cause of failure and indication for revision
in total shoulder arthroplasty.1,6,7,21 Glenoid biconcavity, or a B2
glenoid in the Walch classification, has increasingly been recog-
nized as a risk factor for accelerated glenoid loosening.19,21 This
glenoid morphology is associated with posterior subluxation.
Subluxation can persist postoperatively and is thought to be asso-
ciated with postoperative instability, pain, and decreased implant
survivorship.20 Complication rates have been high enough for some
authors to suggest that reverse shoulder arthroplasty may be a
more predictable option in patients with this wear pattern,
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Figure 1 Demonstration of reverse offset of the humeral head. (A) Sawbones model.
(B) Schematic of anatomic dialing of an eccentric head. The prosthetic glenoid is
indicated by the C shape to the left. (C) Schematic demonstrating reverse offset dialing
of an eccentric head allowing the humeral shaft to remain posterior.

A.M. Chamberlain et al. / JSES International 4 (2020) 638e643 639
especially in patients with more than 25� of glenoid retroversion
and greater than 80% posterior humeral head subluxation.4,13,20

Recentering the humeral head and placement of a glenoid in near
neutral version may lead to improved long-term outcomes of total
shoulder arthroplasty in patients with a B2 glenoid.3

In the setting of a B2 glenoid, the dynamic forces that cause
posterior subluxation continue to exist postoperatively despite
shoulder arthroplasty. This persistent tendency for posterior sub-
luxation leads to edge-loading and wear of the prosthetic glenoid.
To address the natural tendency of the humeral head to translate
posteriorly, the humeral head offset can be reversed to dial the
maximum humeral head eccentricity anteriorly. This allows the
humerus to remain posterior as a result of dynamic forces that
persist after arthroplasty, whereas the articular portion of the
implant remains centered on the glenoid (Fig. 1).

A cadaveric model evaluating this technique has shown
increased resistance to posterior humeral head translation and
anteriorly directed joint contact pressures in shoulders with sig-
nificant glenoid retroversion.11 Finite element analysis has
demonstrated that anterior offset of the humeral head leads to
significant increases in anterior-directed centering pressures of the
humeral head on the glenoid component.12 Anterior humeral head
offset has been described clinically to address intraoperative pos-
terior humeral head subluxation in patients undergoing either
hemiarthroplasty with a ream-and-run technique or total shoulder
arthroplasty with good results in a small patient sample.9 The
purpose of this study is to report the clinical and radiographic
outcomes of anterior humeral head offset in patients undergoing
total shoulder arthroplasty in the setting of preoperative posterior
humeral head subluxation and a B2 glenoid deformity. Our hy-
pothesis is that patients treated with an anterior-offset total
shoulder arthroplasty have good clinical outcomes and a low rate of
glenoid loosening, posterior subluxation, and need for revision
surgery at short-term follow-up.

Materials and methods

After institutional review board approval, we performed a
retrospective case series to identify patients who underwent a total
shoulder arthroplasty between 2007 and 2014 using a depart-
mental billing database (CPT code 23472). We included patients
with a B2 glenoid deformity on preoperative imaging that were
treated with an anatomic total shoulder arthroplasty with an
anterior-offset humeral head.

All patients underwent primary anatomic total shoulder
arthroplasty to surgically manage primary osteoarthritis using a
deltopectoral approach. All glenoid deformities were managed
using high-side (anterior) corrective reaming with a goal to ream to
within approximately 10�-15� of normal anatomic glenoid version.
Anterior reaming was not performed to the point of completely
correcting glenoid version to the normal premorbid version as this
would cause prohibitive bone loss and joint medialization. The
premorbid glenoid version and humeral head posterior subluxation
was assessed by the surgeon using preoperative radiographs and
computed tomographic (CT) scans (when available). Preoperative
imaging combined with intraoperative visualization guided the
amount of anterior reaming needed to achieve the desired
correction. Corrective reaming was performed until a minimum of
adequate seating (estimated 80%) of the glenoid face was achieved.
An in-line pegged polyethylene glenoid component (Zimmer,
Warsaw, IN, USA) was implanted. All patients included in this study
had the prosthetic humeral head placed using an anterior-offset
technique to address excessive posterior humeral head subluxa-
tion noted intraoperatively. Posterior subluxation was considered
excessive if the trial prosthetic humeral head translated >100%
posteriorly and/or remained subluxated posteriorly more than 50%
relative to the prosthetic glenoid with the shoulder resting in
adduction and neutral rotation. This assessment was performed
after the appropriate head size was determined and all soft tissue
releases of the anterior and inferior capsule were performed along
with osteophyte resection. Based on this intraoperative assessment,
placement of an anterior-offset humeral head was performed in 32
of 114 patients with a B2 glenoid during the study period. The
technique of reverse offset entailed dialing the eccentric humeral
head from the normal posterior offset to an anterior-offset position
while maintaining the appropriate head height to greater tuber-
osity relationship. This results in the prosthetic head overhanging
anteriorly and may leave a small amount of uncovered humeral cut
surface posteriorly. Uncovered posterior bone was left in place if it
did not engage the glenoid while externally rotating up to 40�

during trialing. By leaving the posterior bone to fill the posterior
joint space, the posterior rotator cuff tissues and capsule would
maintain their length-tension relationships that had developed
over the long term. No concomitant rotator interval plication or
posterior capsular plications were performed in any case. In all
cases, the subscapularis was managed with a lesser tuberosity
osteotomy. Repair of the lesser tuberosity was performed with



Figure 2 Preoperative radiographs demonstrating primary glenohumeral osteoarthritis with a biconcave (B2) glenoid. (A) True anteroposterior view. (B) Axillary view.
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heavy nonabsorbable suture around the stem and through lateral
bone tunnels that cerclaged the lesser tuberosity fragment. The
medial aspect of the lesser tuberosity was typically buttressed
against the undersurface of the humeral head prosthesis.

We retrospectively reviewed medical records and collected
preoperative visual analog scale for pain scores, American
Shoulder and Elbow Surgeons Standardized Shoulder Assessment
Form (ASES) scores, and Simple Shoulder Test scores. Patients
were contacted and invited to return for clinical examination and
radiographic follow-up. Images from a respective case are shown
in Fig. 2. Three fellowship-trained shoulder surgeons reviewed
the initial postoperative and most recent radiographs for glenoid
lucencies according to the Lazarus classification. An average score
was calculated and rounded to the nearest whole number. We
considered the glenoid component to be radiographically loose if
the Lazarus score was 4 or greater or there was gross subsidence
of the glenoid component. Lesser tuberosity osteotomy healing
Figure 3 A line is drawn from the anterior rim of the glenoid to the posterior rim. A perpen
head. A line (AC) is drawn as a diameter through the circle and parallel to the glenoid line. Po
ratio lines BC/AC in a centered humeral head is 0.5. The percent decentering was calculate
eratively (A). Postoperatively (B), with placement of the eccentricity of the humeral head p
was examined on both the anteroposterior and the axillary ra-
diographs. We considered an osteotomy healed if there was bony
union or if there was a visible gap measuring less than 2 mm
without displacement of the tuberosity, indicating a fibrous
union.

Preoperative and postoperative final follow-up radiographs
were analyzed to determine the extent of posterior subluxation or
“decentering” of the humeral head relative to the glenoid face on
axillary radiographs. This method of determining humeral head
centering has been previously described.9 This method describes
the amount of decentering as a percentage of the humeral head that
is subluxated from a perpendicular line that bisects a line drawn
from the anterior to the posterior glenoid face. A perfectly centered
humeral head would yield a value of 50%. An example of this
measurement technique is shown in Fig. 3. Preoperative and
postoperative final follow-up radiographs were analyzed for
centering by 2 fellowship-trained shoulder surgeons.
dicular line is drawn bisecting the glenoid line. A circle is drawn and fit to the humeral
int B is the intersection of line AC and the perpendicular bisector of the glenoid line. The
d as (BC/AC � 0.5) � 100%. In this example, there is 12% posterior decentering preop-
rosthesis anteriorly, there is <0.2% decentering.



Table I
Summary of operations

Variable Preoperative Postoperative Change

Mean (SD) Range Mean (SD) Range Mean (SD) Range

SST 4.9 (2.6) 0-9 9.8 (1.7) 6-12 5.1 (2.6) 1-12
VAS-pain 7.5 (1.4) 5-10 1.0 (1.7) 0-6 �6.1 (2.1) �10 to �1.0
ASES 32.7 (13.6) 6.7-53.3 86.2 (16.5) 38.3-100 53.5 (18.3) 13.3-93.3

SST, Simple Shoulder Test; VAS-pain, visual analog scale for pain; ASES, American Shoulder and Elbow Surgeons Standardized Shoulder Assessment Form; SD, standard
deviation.

A.M. Chamberlain et al. / JSES International 4 (2020) 638e643 641
Two-tailed Student t tests were used to compare means of
continuous variables. A P value of .05 was set as significant. Chi-
square or Fisher exact test was used to compare dichotomous
outcome variables. All statistical analysis was done using SPSS
software (IBM, Armonk, NY, USA).
Results

Thirty-two patients underwent a total shoulder arthroplasty
with an anterior-offset humeral head to treat primary osteoarthritis
with a B2 glenoid and posterior subluxation. Eleven patients were
unable to be contacted, and 3 patients declined to participate in the
study. Thus, 20 patients met our inclusion criteria and had clinical
outcome scores at an average of 49 months postoperatively (28-78
months).

Therewere 16male and 4 female patients with an average age of
61.7 years (range 43-81 years). Preoperative, postoperative, and
change in outcome scores are shown in Table I. Mean visual analog
scale scores improved from 7.5 ± 1.4 preoperatively to 1.0 ± 1.7
postoperatively (P < .0001). ASES score improved from 32.7 ± 13.6
to 86.2 ± 16.5 (P < .0001), and the Simple Shoulder Test improved
from 4.9 ± 2.6 to 9.8 ± 1.7 (P < .0001). Using previously established
minimum clinically important differences, 19/20 patients (95%) had
a clinically significant change in the visual analog scale for pain
score and ASES score, whereas 18/20 (90%) achieved a minimum
clinically significant improvement in the Simple Shoulder Test
score.17

Preoperative and postoperative radiographs were reviewed in
all cases. Preoperative CT scans were available in 15 cases. Mean
preoperative glenoid version measured on available CT scans was
31� ± 8�. Mean preoperative posterior subluxation was 71% ± 10%.
Final radiographs were obtained at a mean of 24 months. Radio-
graphic analysis demonstrated no cases of postoperative instability.
Using the Lazarus classification, initial postoperative radiographs
demonstrated excellent initial cement technique, with 15 patients
having no evidence of radiolucent lines and 5 with grade 1 radio-
lucent lines around the pegs. On final follow-up radiographs, 5
patients had grade 1 lucencies and 2 had grade 2 lucencies around
the glenoid pegs. The remaining 13 patients had no glenoid lu-
cencies (Table II). Comparing subjects individually, 4 had progres-
sion of radiolucent lines of 1 grade and zero subjects had
Table II
Glenoid radiolucency measurements

Lazarus grade First postoperative
radiograph, mean (SD)

Final radiograph,
mean (SD)

Grade 0 15 13
Grade 1 5 5
Grade 2 0 2
Grade 3 0 0
Grade 4 0 0
Grade 5 0 0

SD, standard deviation.
progression of 2 grades or more. No patients had radiographic ev-
idence of glenoid loosening or subsidence. There were no cases of
lesser tuberosity repair failures. No patients had subjective com-
plaints of instability, and there were no revision surgeries at final
follow-up. Radiographic decentering was reduced from a mean of
9.9% ± 5.7% preoperatively to 0.5% ± 3.0% postoperatively (P < .001).
Preoperatively, 18/20 (90%) were decentered 5% or greater. Post-
roperatively, zero shoulders were posteriorly decentered greater
than 5%. Postoperative radiographs after utilizing this technique are
shown in Fig. 4.

Discussion

This retrospective study reports the short-term clinical
and radiographic results of total shoulder arthroplasty with an
anterior-offset humeral head to address persistent intraoperative
posterior subluxation in total shoulder arthroplasty patients with a
B2 glenoid. In this study, 95% of patients had a clinically significant
improvement in pain and function as measured with the ASES
score. In addition, the rate of progressive glenoid radiolucencies
was low, no patients had evidence of early glenoid loosening, and
there were no postoperative complications such as instability or
nonunion or displacement of the lesser tuberosity osteotomy
fragment. We believe this technique of partial glenoid version
correction combined with anterior “reverse” offset of the humeral
head prosthesis to represent a viable option for select B2 arthritic
shoulders.

Recent biomechanical data have demonstrated increased resis-
tance to posterior humeral head translation and improved joint
contact pressures in shoulders with significant glenoid retroversion
treated with an anterior-offset technique.11 Finite element analysis
has confirmed an anterior shift in the center of pressure with an
anterior-offset humeral head in the setting of increased glenoid
retroversion.12 Hsu et al9 have reported good outcomes for a series
of 33 patients undergoing either total shoulder arthroplasty or
hemiarthroplasty who required an anterior-offset humeral head
technique to correct intraoperative posterior humeral head sub-
luxation. To our knowledge, this is the first case series to report on
this technique in the clinical setting for patients undergoing total
shoulder arthroplasty exclusively for glenohumeral arthritis with
B2 glenoid deformities.

Posterior glenoid erosion is postulated to be a progressive pro-
cess, with every degree of glenoid retroversion resulting in a 0.5-
mm posterior shift of the humeral head and a resultant 0.5� shift
of the force vector posterior from the center of the glenoid.14 Over
time, the soft tissues about the shoulder adapt to the posterior
position of the proximal humerus, and these forces can be difficult
to overcome with corrective reaming or augmented components
that realign the humerus anteriorly. In fact, Kim et al11 postulated
that correcting the humeral positionmay escalate the posterior pull
of the soft tissues. Anteriorly offsetting the humeral head allows the
head center to have congruent alignment to the glenoid center
while allowing the proximal humerus to remain in a relatively
posterior position, thusmitigating the adaptive posterior pull of the



Figure 4 Final postoperative radiographs showing concentric glenohumeral prosthetic alignment with a reverse offset humeral head and a healed lesser tuberosity osteotomy. (A)
True anteroposterior view. (B) Axillary view.
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soft tissues. If the proximal humerus is maintained in a posterior
position, the muscle forces across the shoulder have a more ante-
romedial vector that may contribute to congruent glenoid loading
and improved joint stability. One concernwith this technique is the
anterior overhang of the humeral head over which the sub-
scapularis tendon must drape. There were no complications with
the subscapularis repair in our study as all of the lesser tuberosity
osteotomies healed. However, theoretically, this technique may
present a challenge in the setting of a subscapularis peel or
tenotomy due to the anterior overhang of the prosthesis.

Historically, B2 glenoid deformity is associated with increased
failure rates of total shoulder arthroplasty.10 Eccentric loading of
the glenoid in these shoulders can result in early prosthetic loos-
ening, which combined with persistent posterior humeral head
subluxation may result in an increased risk for early revision sur-
gery. Walch et al20 showed that good clinical results in patients
with a B2 glenoid can be obtained; however, increasing complica-
tion rates are seenwith greater degrees of glenoid retroversion and
posterior subluxation. In their study, patients withmore than 30� of
retroversion had a 62% complication rate, and 73% of the compli-
cations occurred in the group of patients with a neoglenoid retro-
version greater than 27�. In that series, 20.6% of glenoid
components were radiographically loose at a mean of 77months. In
the present study, we had no shoulders with radiographic loos-
ening of the glenoid component, although these results are early
and not directly comparable to those published by Walch et al. Our
initial postoperative radiolucencies scores demonstrated that good
cement mantles were obtained at the time of surgery (no instances
of grade 2 or higher radiolucencies). At short-term follow-up, 2 of
20 (16%) shoulders demonstrated grade 2 radiolucencies, with no
instances of radiographic loosening. The rate of progression of ra-
diolucencies seen in the present study is comparable to those of a
general osteoarthritis population at short-term follow-up.5,18

Further studies are warranted to examine the durability of these
implants over time.

Our study has several limitations inherent to its retrospective
design; however, the clinical results of this technique are prom-
ising. Despite exhaustive attempts to contact patients, we were
unable to recruit 37% of eligible subjects. We do feel that our study
is representative of the entire cohort given the observed severity
of preoperative radiographic findings and feel; therefore, that se-
lection bias is limited. Also, although this is the largest clinical
cohort of patients treated with this technique, our study is un-
derpowered to evaluate specific factors that may affect glenoid
loosening. All patients in our cohort had a standard cylindrical
diaphyseal stemmed humeral implant. It is possible that eccentric
forces on the humeral implant from a nonanatomic, anteriorly
offset humeral head prosthesis could cause loosening of short-
stem or stemless implants. The use of advanced imaging studies
(CT scan and magnetic resonance imaging) preoperatively was not
controlled. For this reason, wewere not able to precisely define the
severity of preoperative glenoid retroversion deformities within
this cohort; thus we cannot conclude that this surgical technique is
applicable to all severities of B2 deformities seen in osteoarthritic
shoulders. All shoulders demonstrated gross recentering of the
head relative to the glenoid, and there were no instances of pos-
terior subluxation seen clinically. We were able to demonstrate
this recentering by measuring centeredness on axillary radio-
graphs using a previously validated method.9 However, given the
lack of postoperative CT scans and preoperative CT scans in some
cases, we quantified head position using radiographs only. Thus,
precision in quantifying pre- and postoperative posterior humeral
head subluxation is limited as has been previously shown in a
prior study.8 Our study only analyzed patients with a stemmed
implant. We cannot comment on the potential alteration of forces
affecting humeral fixation that may affect short-stem or stemless
humeral implants. Finally, our findings are short-term, and the
durability of this technique will require long-term follow-up
studies.

Conclusions

In this small retrospective series, total shoulder arthroplasty
with partial glenoid version correction and the use of a reversed,
anterior-offset humeral head to address residual posterior sub-
luxation in patients with a B2 glenoid deformity resulted in
excellent functional outcomes at short-term follow-up with
improvement in humeral head centering. Early radiographic



A.M. Chamberlain et al. / JSES International 4 (2020) 638e643 643
follow-up suggests low risks of progressive glenoid lucencies and
component loosening.
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