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Abstract
Introduction Locked anterior shoulder dislocation (LASD) is
an uncommon condition associated with bone, articular carti-
lage, and soft tissue damage. In selected cases, shoulder
arthroplasty (SA) may be the best treatment. The purpose of
this study was to assess outcomes of SA for LASD.
Materials and methods Between 1976 and 2013, 19 SAs
[three hemiarthroplasties (HA), seven total shoulder
arthroplasties (TSA), and nine reverse shoulder arthroplasties
(RSA), mean age 62 years] were performed for LASD.
Shoulders were followed for at least two years (range, 2-30
years, mean 7.1). Clinical and radiographic outcomes were
studied.
Results/discussion Three SAs required re-operation, two
TSAs for early redislocation and one HA for late, painful
glenoid arthrosis. Four additional shoulders (two TSA, two
HA) were unstable at most recent follow-up. Pain improved
from 4.7 to 2.2 (p < 0.0001) out of 5, elevation from 51 to 94
degrees (p = 0.004), and external rotation from 1 to 34 degrees
(p = 0.01). There were two excellent, seven satisfactory, and

ten unsatisfactory modified Neer ratings. Compared to TSA/
HA, RSA experienced fewer re-operations (0 vs. 3, hazard ratio,
2.03*10^-9, p = 0.0844) and instability (0 vs. 6, p = 0.0108).
Similar post-operative pain (p = 0.2192), range of motion
(p = 0.2432-0.5299), strength (p = 0.2099), satisfaction
(p = 0.6563), outcomes scores (p = 0.0683-0.0933), and compli-
cation rate (p = 0.3698) were seen with RSA vs. TSA/HA.
Conclusions RSA for the treatment of chronic LASD pro-
vides greater pain relief, and improvement in range of motion
(ROM) compared to TSA/HA. Anatomic SA is associated
with a high rate of instability not seen with RSA. Therefore,
anatomic SA (TSA/HA) is likely not indicated in these diffi-
cult circumstances.

Level of Evidence: IV
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Introduction

Locked anterior shoulder dislocation (LASD) is relatively
rare. Over time, anterior soft-tissue structures are stretched
and the posterior capsule and cuff may develop contractures.
Additionally, the cartilage damage and bony erosion of both
the humeral head and glenoid commonly occurs. Open reduc-
tion and soft tissue stabilization or coracoid transfer proce-
dures may be considered for patients with a LASD when
damage to bone stock and articular surfaces is minimal.
However, in cases with severe bone loss and/or advanced
arthritis, shoulder arthroplasty (SA) can be necessary [1, 2].

Several studies have reported outcomes of surgical man-
agement of LASD, with fewer examining the outcomes of SA.
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Many previous studies have combined anterior and posterior
shoulder dislocations, soft tissue procedures and shoulder
arthroplasty, making it difficult to examine disease and treat-
ment specific outcomes [3–10]. Furthermore, no studies have
compared outcomes of anatomic versus reverse components.
The purpose of this study was to assess outcomes of SA for
patients with LASD and to compare reverse total shoulder
arthroplasty (RSA) versus total shoulder arthroplasty (TSA)
and hemiarthroplasty (HA). Our hypothesis was that RSA
would be associated with better outcomes due to increased
shoulder stability secondary to its increased constraint.

Materials and methods

After approval from our Institutional Review Board, a single
institution, registry-based retrospective review was conducted
for SAs performed for LASD [11]. This registry records nu-
merous demographic and functional variables and follows all
patients after total joint arthroplasties at time points of
one year, two years, five years, and then every five years
thereafter [12]. Patients are asked to return for in person fol-
low-up. Those who do not return are asked to complete a
validated outcomes questionnaire which also assesses re-
operation at outside institutions [13, 14].

Patient demographics, selection, and operative features

Between 1976 and 2013, 268 SAs were performed with a
concomitant diagnosis of dislocation. Of these, 247 SAs were
excluded because their dislocation was not locked and anteri-
or. This left 21 consecutive SAs performed for LASD. Of
these, 19 SAs had at least two year follow up and were eval-
uated (three HAs, seven TSAs, and nine RSAs). The median
pre-operative time between the index anterior dislocation and
arthroplasty was 32 weeks (range 2 weeks-32 years). In the
literature, there have been widely-varying definitions of
LASD [2, 8, 15]. A cutoff of two weeks was chosen in our
study based on the experience of senior surgeons at our insti-
tution that soft-tissue procedures are unsuccessful after this
time due to permanent peri-articular soft-tissues. Patient de-
mographic information is presented in Table 1.

SA was indicated for LASD if pain was not amenable to
non-operative treatment and was associated with: radiograph-
ic osteoarthritis; Hill-Sachs lesion deemed too large to obtain
joint stability with a soft-tissue procedure (usually >40% of
the articular surface); glenoid deficiency deemed too large to
obtain joint stability with a soft-tissue procedure (usually
>40% of the articular surface); or a combination of these
factors.

Prior to the availability of RSA, the decision to perform an
HA versus TSA was made based on the status of the glenoid
bone stock, cartilage, rotator cuff, and stability. In cases when

the surgeon determined a glenoid component would improve
the patient’s pain and function without leading to instability or
glenoid loosening, a TSAwas performed. Sometimes this re-
quired glenoid bone grafting. However, if the surgeon deter-
mined the glenoid component placement would lead to insta-
bility or glenoid component failure, a hemiarthroplasty was
utilized. Sometimes, glenoid bone grafting was required with
hemiarthroplasty as well to gain stability. Due to poor results
with anatomic arthroplasty, we changed our practice to utiliz-
ing RSA when this became available at our institution for
which humeral head autograft was sometimes necessary to
restore glenoid bone stock to obtain stability of the
glenosphere.

Operative technique

The deltopectoral approach was utilized for 12 surgeries, with
seven requiring additional release of the anterior deltoid. The
conjoined tendon was released in one shoulder to aid in expo-
sure. The subscapularis was found to be intact in nine, torn or
attenuated in seven, and absent in three shoulders. When the
subscapularis was intact, a tenotomy (seven shoulders) or less-
er tuberosity osteotomy (2) was performed. The shoulder was
inspected to confirm locked anterior shoulder dislocation. The
posterosuperior rotator cuff was torn in nine shoulders. The
humeral head was resected in an average of 44 degrees (range
20-75) of retroversion (increased retroversion was used in
some early anatomic SAs to attempt to decrease dislocation).
The glenoid was inspected to determine the need for grafting.
Glenoid bone grafting with humeral head autograft was per-
formed in seven shoulders (one HA, two TSA, four RSA).
The rotator cuff was repaired in four shoulders (one HA,
two TSAs, one RSA). The remaining five shoulders with ro-
tator cuff tears received RSAs without rotator cuff repair.

Humeral stems were cemented in eight and uncemented in
11 shoulders. Soft tissue balancing was performed for

Table 1 Pre-operative patient demographic information

Demographic variable Value (n = 19)

Total number 19

Age (years) 62 (34-80)

Male/female 3/16

BMI (kg/m2) 32 (24-46)

% dominant hand 15

Previous shoulder fracture 7*

History of shoulder instability prior to index dislocation 3

Previous RC surgery 3

Number of prior surgeries 1.1 (0-4) †

Data presented as mean (range) or n. RC = Rotator cuff. *Shoulder frac-
tures were treated operatively in five patients and non-operatively in two.
† 12/19 patients had previous surgery on their shoulder prior to SA.
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anatomic prostheses including lysis of adhesions (12) and
posterior capsular release (5). A tenuous subscapularis repair
due to a thin, torn, or attenuated subscapularis was obtained in
five patients (three RSA and two TSA/HA); and no repair was
possible in five RSA. The deltoid and conjoint tendons were
reattached to their origins when incised.

The post-operative rehabilitation program varied depend-
ing on the type and year of surgery. All patients were
immobilized for at least two weeks with most immobilized
for one month. In general, active assisted motion was allowed
earlier after RSA.

Clinical outcomes assessment

The primary outcome studied was failure, which we defined
as re-operation for instability or component revision.
Secondary outcome measures included pain, range of motion,
strength, subjective satisfaction with surgery, modified Neer
ratings, ASES scores, shoulder subjective test scores, simple
shoulder test scores, complications, and radiographic out-
comes [16–18]. Pain was reported on a scale of 1 to 5 with 1
as Bno pain^ and 5 as Bsevere pain.^ Range of motion was
recorded using a goniometer for elevation and external rota-
tion and as the most cephalad spinal level reached by the
thumb for internal rotation. Strength was reported on a scale
of 1 to 5 [19]. Post-operative subjective satisfaction was cat-
egorized as Bmuch better,^ Bbetter,^ Bthe same^ or Bworse^ at
last follow-up as compared to pre-operatively. Modified Neer
ra t ings included Bexcel lent ,^ Bsat is factory,^ and
Bunsatisfactory^ as previously described [16, 20].

Radiographic assessment

Pre-operative, early post-operative and most recent x-ray/
CT were analyzed by two orthopaedic surgeons (JMS,
BSS). Review of pre-operative images determined pre-
operative glenoid bone loss and presence of Hills-Sachs
lesions. Radiographs obtained at most recent follow-up
were reviewed to determine post-operative subluxation,
dislocation, glenoid component lucency, glenoid compo-
nent shift, glenoid erosion for HA, humeral component
shift, humeral component lucency, and inferior scapular
notching in the case of RSA. Subluxation was determined
by comparing the centre of the humeral component to the
centre of the glenoid component as a percentage of the
surface of the glenoid component. It was graded as
Bnone^ (humeral head centred on the glenoid), Bmild^
(<25% shift), Bmoderate^ (shift 25-50%), and Bsevere^
(>50% shift) [21]. Glenoid and humeral lucencies were
graded as 0-5 as previously described [22, 23]. Moderate
or severe post-operative subluxation, dislocation, glenoid
component shift, glenoid erosion, humeral component
shift were considered to be post-operative complications

when calculating a complication rate whereas glenoid lu-
cency, humeral lucency, and inferior scapular notching
were not.

Statistical methods

Data was analyzed using JMP software version 10.0.0 (SAS
Institute, Inc, Cary, NC, USA). Kaplan-Meier methodology
was utilized to estimate implant survival. The Wilcoxon
Signed Rank test was used to evaluate changes from pre-
operative to post-operative times. Cox regression analysis,
Fisher’s exact test, and theWilcoxon rank sum test were utilized
to compare differences between RSA and TSA/HA. An alpha
level of 0.05 was used to determine statistical significance.

Results

Re-operations

Including all RSAs, TSAs, and HAs, at an average
follow-up of 7.1 years (range 2.0-30), three shoulders re-
quired re-operation due to instability after TSA (2) and
glenoid arthritis after HA (1). Overall, the 5- and 10-
year survival (re-operation-free) rates were 89% +/- 7%
and 77% +/- 13%, respectively.

Two TSAs dislocated early and required revision. The first
patient had a TSA with autogenous humeral head bone
grafting to the glenoid and rotator cuff repair with the humeral
component placed in 60 degrees of retroversion. On post-
operative day two, the TSA dislocated and required open re-
duction. Unfortunately, radiographs after that revealed repeat
dislocation, and the patient decided to live with the shoulder in
a chronically dislocated position (Fig. 1). Five years after
TSA, this patient had good pain relief, 3/5 strength in all
directions, occasional dysesthesias in her ipsilateral hand,
and active range of motion of 80 degrees elevation and 10
degrees external rotation.

The second patient underwent a TSAwith autogenous hu-
meral head bone grafting to the glenoid with the humeral
component placed in 40 degrees of retroversion. She was
placed in a plaster abduction splint post-operatively but
dislocated nine days after surgery. She was successfully
closed reduced and placed in a shoulder immobilizer.
Unfortunately, she dislocated again four weeks after surgery,
was closed reduced and placed in a Velpeau dressing. She
dislocated again two months after surgery and was treated
with open reduction and soft tissue balancing including rota-
tor cuff repair and pectoralis major lengthening. At most re-
cent follow up, 13 years after her primary surgery, her shoul-
der was stable with moderate pain, elevation to 50 degrees,
and external rotation to -30 degrees.
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One HA underwent revision to TSA six years after the
index surgery for painful glenoid arthrosis. At five years after
her revision surgery, she had a stable shoulder with no pain,
100 degrees of elevation, and 90 degrees of external rotation.

Clinical outcomes

Including all RSAs, TSAs, and HAs, pain scores improved
from 4.7 to 2.2 (p < 0.0001) out of 5. Four (21%) patients con-
tinued to have moderate/severe pain post-operatively. Mean
shoulder elevation improved from 51 (range 0-110) to 94
(range 0-180) degrees (p = 0.004). External rotation improved
from 1 (range -35-70) to 34 (range -20-90) degrees
(p = 0.0113). Shoulder internal rotation was relatively un-
changed, from iliac crest (range abdomen-T12) pre-
operatively to the SI joint (range abdomen-T12) post-
operatively (p = 0.059). Shoulder strength did not improve, av-
eraging 4.0 pre-operatively and 3.8 post-operatively (p = 0.9).

At follow-up, one patient described her subjective satisfac-
tion as Bworse,^ five as Bthe same,^ seven as Bsomewhat
better,^ and six as Bmuch better.^Modified Neer ratings includ-
ed two excellent, seven satisfactory, and ten unsatisfactory out-
comes. Unsatisfactory outcomes were due to poor range of
motion (3); pain and dissatisfaction (1); pain and range of mo-
tion (1); range of motion and dissatisfaction (2); and pain, range
of motion, and dissatisfaction (3). ASES scores averaged 65
(range 28-100), shoulder subjective value averaged 43 (range
10-80), and simple shoulder test averaged 5.7 (range 1-12).

SAswith a strong subscapularis repair were associatedwith
increased post-operative instability (p = 0.0345) and with low-
er subjective satisfaction (p = 0.0573). Notably, instability and
strong subscapularis repair were associated with anatomic SA
(p = 0.0108 and 0.0055, respectively). All unstable SAs were
anatomic (HA/TSA) and only one RSA had a strong
subscapularis repair (see discussion below). No difference
was seen in outcomes of Neer rating, ASES scores, pain, range

of motion, or post-operative dislocation, or complication
rate when stratifying by strength of subscapularis repair
(p = 0.1332-1.0), length of time dislocated (≥32 wks vs.
<32 weeks, p = 0.1312-1.0), prior rotator cuff surgery
(p = 0.3309-1.0), strength of subscapularis repair (p = 0.1893-
1.0), >50% glenoid bone loss pre-operatively (p = 0.1758-1.0),
the presence of a Hill-Sachs lesion (p = 0.4538-1.0), humeral
component fixation (cemented vs. non-cemented, p = 0.0.0915-
1.0), or glenoid bone grafting (p = 0.2451-1.0). There was ad-
ditionally no correlation between intra-operative or post-
operative humeral fracture with humeral component fixation
(p = 1.0) or with RSA versus TSA/HA (p = 0.2105-1.0).

Radiographic assessment

Pre-operative radiographs were available for 15 shoulders. A
Hill-Sachs lesion was seen in 14 patients. Glenoid bone loss
was <25% in eight patients, 25-50% in four patients, and
50-75% in three patients (Fig. 2). Post-operative radiographs
were available for 17 shoulders and radiographic outcomes
are found in Table 2.

RSA vs. TSA/HA

A comparison of patients undergoing RSA and TSA/HA is
shown in Table 3. The TSA/HA group had a higher proportion
of strong subscapularis repairs (p = 0.0055), longer average
operative time (p = 0.0031), and longer average length of fol-
low up (p = 0.0081), and more distant surgical date
(p = 0.0003).

Four of nine RSAs versus seven of 10 TSAs/HAs had a
complication (p = 0.4, Table 4). Intra-operative humeral shaft
fractures were treated with internal fixation followed by im-
plantation of a humeral stem bypassing the fracture. Two dis-
locations were revised (see above) while the remaining unsta-
ble shoulders elected to live with an unstable SA (Fig. 2). Neer
rating, ASES scores, pain, or range of motion did not differ
based on instability (p = 0.1904-0.9474) or dislocation
(p = 0.2059-1.0).

Fig. 1 Radiograph obtained five years post-operatively of a patient with
a failed TSA for LASD due to a recurrent dislocation. The patient elected
to live with her shoulder chronically dislocated after failed open reduction

Fig. 2 Radiograph of a 76 year old woman with a LASD present for
12 months prior to surgery. It shows the anterior dislocation, posterior
humeral head impaction and erosion, anterior glenoid erosion with loss of
50% or more of the joint surface and underlying bone
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RSA had a five year survival rate of 100% +/- 0% com-
pared to 80% +/- 13% in the TSA/HA group (hazard ratio
2.03*10-9, p = 0.0844).

Comparison of pre-operative variables and post-operative
outcomes is detailed in Table 5. RSA showed greater post-
operative elevation, external rotation, ASES scores, SST
scores, and STT scores (p = 0.0683-0.5299). Clinical instabil-
ity was significantly more common in the HA/TSA group
(p = 0.0108) despite HA/TSA having more strong
subscapularis repairs (p = 0.0055, Table 3, Figs. 1 and 3).

Discussion

LASD is a complex and rare injury that may require treatment
with SAwhen significant damage occurs to the humeral head
or glenoid. There is currently limited literature focusing on
outcomes of SA for LASD. The purpose of this study was to
elucidate these outcomes and to compare those of RSA with
TSA/HA.

The study is limited by its retrospective nature and small
numbers. We acknowledge that surgical techniques and implants
have changed over time, complicating the ability to compare
groups across such a long time period with significantly different
length of follow-up between the TSA/HA and RSA groups. The
study also lacked pre-operative outcomes scores, which would
allow for better demonstration of patient improvement.

Survivorship of TSA/HA for LASD is lower than that dem-
onstrated for other indications such as trauma, osteoarthritis,
cuff-tear arthropathy, and rheumatoid arthritis, where failure
rates approach 1% per year [24–31]. The rate of instability in
this study (60%) is similar to Matsoukis et al, who showed
4/11 anatomic arthroplasties were complicated by

Table 2 Comparison of patient
demographics, operative features,
and follow-up separated by RSA
vs. THA/HA. Additional analysis
broken down by soft tissue status
at time of surgery

Characteristics RSA (n = 9) TSA/HA (n =
10)

Radiographs available 9 8

Instability (anterior subluxation or dislocation)

Instability with strong SS Repair

Instability with weak or no SS repair

Instability with RC tear with repair Instability with RC tear
without repair

Instability with no RC tear

0

0 of 1 0 of 8

0 of 1

0 of 5

0 of 3

6

5 of 8

1 of 2

3 of 3

0 of 0

3 of 7

Glenoid lucency 1 with grade 1 around inferior
screw

0

Glenoid shift 0 0

Glenoid erosion 0 2 of 3 HA

Humeral shift 0 1

Humeral lucency 2 grade 1, 1 grade 2 1 grade 3 with
shift

Data presented descriptively or as n. RSA = reverse shoulder arthroplasty. TSA = total shoulder arthroplasty.
HA= hemiarthroplasty. RC = rotator cuff tear. SS = subscapularis.

Table 3 Comparison of patient demographics, operative features, and
follow-up separated by RSA vs THA/HA

Characteristic RSA (n = 9) TSA/HA
(n = 10)

P-value

Age (years) 65 (51-80) 60 (34-80) p = 1.0

Male/female 1/8 2/8 p = 1.0

Dominant shoulder 6 9 p = 0.3034

Height (cm) 157 (141-176) 162 (152-173) p = 0.9076

Weight (kg) 82 (55-131) 80 (70-108) p = 0.5230

BMI (kg/m2) 33 (24-46) 30 (34-42) p = 0.4705

Time dislocated
(median weeks)

30 (2-78) 38.5 (6-1664) p = 0.4136

Strong subscapularis
repair

1 8 p = 0.0055*

Previous ahoulder
fracture

3 4 p = 1.0

History of shoulder
instability prior to
index dislocation

0 3 p = 0.2105

Number of Prior
Surgeries

0.7 (0-2) 1.4 (0-4) p = 0.2448

Previous RC surgery 1 2 p = 1.0

Mean date that
surgery was
performed (range)

June 2010
(September
2007 to
February 2013)

May 1993
(Marc-
h 1976 to
July 2005)

p = 0.0003*

Operative time
(minutes)

125 (64-205) 305 (165-426) p = 0.0031*

Follow up (years) 3.3 (2.0-5.9) 12.0 (4.0-29.7) p = 0.0081*

Re-operation 0 3 p = 0.0844

Data presented as mean (range) or n. *denotes a significant difference
between groups (p < 0.05). RC = rotator cuff. RSA = reverse shoulder
arthroplasty. TSA = total shoulder arthroplasty. HA= hemiarthroplasty.
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post-operative instability, with two requiring re-operation
[32]. Both studies show rates of instability higher than Raiss
et al, who reported only one dislocation in 10 shoulders treated
with HA resufacing for LASD [33]. This information is im-
portant for surgical decision-making and patient counseling.

In contrast to non-constrained SA, RSA compensates for
soft tissue imbalance, leading to a more stable SA despite
the fact that fewer RSAs had a strong subscapularis repair
(p = 0.0055). Early failure seen with anatomic arthroplasty
in this series was not seen with RSA. This finding supports
Werner et al, who reported a 6% complication rate and no
post-operative instability in 32 shoulders treated with bio-
RSA for LASD [34]. It seems that this increased stability
with RSAversus HA/TSA should lead to better survivorship

and outcomes. However, no statistical association was
found in the current study (Table 5). We believe that this is
likely due to beta error, and a larger cohort would show the
benefit of RSA. However, even if this were established, it is
notable that average range of motion, outcomes scores, and
complications reported in this study are suboptimal when
compared to other indications. This is in agreement with a
recent study by Kurowicki et al that found RSA performed
for LASD compared unfavourably compared to RSA per-
formed for more classic indications [35]. They also found
that instability was only seen in two of 24 patients with
LASD treated with RSA. This speaks to the severity of pa-
thology found in shoulders with LASD and the difficulty
with treating them.

Table 5 Differences in
pre-operative exam and
post-operative outcomes
separated based on RSA vs
TSA/HA

Pre-operative variable RSA (n = 9) TSA/HA (n = 10) P-Value

Pain (1-5 scale) 4.8 (4-5) 4.6 (2-5) p = 1.0

Elevation (deg) 43 (0-90) 57 (0-110) p = 0.5316

External rotation (deg) -11 (-35-20) 10 (-30-70) p = 0.1075

Internal rotation (level) Iliac crest (abdomen-T12) GT (abdomen-sacrum) p = 0.6758

Strength (1-5 scale) 3.8 (2-5) 4.2 (3-5) p = 0.2851

Post-operative outcome RSA (n = 9) TSA/HA (n = 10) P-value

Pain 1.8 2.6 p = 0.2192

Elevation 106 (40-108) 81 (0-120) p = 0.5299

External rotation 46 (-10-90) 21 (-20-70) p = 0.2432

Internal rotation Sacrum (abdomen-L1) SI (abdomen-T12) p = 0.4731

Strength 3.7 (3-5) 4.0 (1-5) p = 0.2099

Satisfactory or excellent Neer rating 5 4 p = 0.6563

Somewhat or much better 8 5 p = 0.1409

ASES (average (mean)) 76 (55-100) 43 (28-67) p = 0.0933

Shoulder subjective test (1-100) 55 (20-80) 25 (10-50) p = 0.0683

Simple shoulder test (1-12) 7.4 (3-12) 3.5 (1-6) p = 0.0851

Instability (subluxation or dislocation) 0 6 p = 0.0108*

Complications 4 7 p = 0.3698

Values are reported as % at a given time for survival and as mean (range) or n for other outcomes.

*denotes a significant difference between groups (p < 0.05). ROM= range of motion. SI = Sacroiliac joint.
RSA = reverse total shoulder arthroplasty. TSA= total shoulder arthroplasty. HA= hemiarthroplasty.

Table 4 Intra-operative and
post-operative complications by
implant type

Complication RSA (n = 9) TSA (n = 7) HA (n = 3) TSA/HA (n = 10)

Total 4 4 3 7

Intra-operative humeral shaft fracture 2 0 0 0

Moderate or severe subluxation 0 2 1 3

Dislocation 0 2 1 3

Glenoid erosion 0 0 2 2

Post-operative humeral shaft fracture 1 0 0 0

Humeral component shift 0 1 0 1

Heterotopic ossification 1 0 0 0

RSA = reverse total shoulder arthroplasty. TSA= total shoulder arthroplasty. HA= hemiarthroplasty.
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Conclusion

SA provides improved pain and range of motion for LASD.
TSA/HA is associated with a 60% instability rate whereas
RSA eliminates post-operative instability even with less soft
tissue repair. In patients requiring SA for LASD, we recom-
mend RSA over TSA/HA due to increased stability and a
potentially more functional shoulder.
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