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Reverse Total Shoulder
Arthroplasty

Abstract

The radical changes in prosthetic design made in the mid 1980s
transformed the historically poorly performing reverse ball-and-
socket total shoulder prosthesis into a highly successful salvage
implant for pseudoparalytic, severely rotator cuff–deficient
shoulders. Moving the center of rotation more medial and distal as
well as implanting a large glenoid hemisphere that articulates with
a humeral cup in 155° of valgus are the biomechanical keys to
sometimes spectacular short- to mid-term results. Use of the
reverse total shoulder arthroplasty device allows salvage of injuries
that previously were beyond surgical treatment. However, this
technique has a complication rate approximately three times that of
conventional arthroplasty. Radiographic and clinical results appear
to deteriorate over time. Proper patient selection and attention to
technical details are needed to reduce the currently high
complication rate.

The purpose of conventional total
shoulder arthroplasty (TSA) is

to relieve pain and improve function
by restoring anatomically shaped
and positioned articular surfaces in
patients with glenohumeral joint dis-
ease. The surfaces are unconstrained
and allow the healthy rotator cuff
and the extrinsic shoulder muscles to
restore shoulder function. However,
the design of conventional TSA pros-
theses does not account for concomi-
tant musculotendinous pathologies.
For example, larger rotator cuff
tears, which are associated with fatty
infiltration of the infraspinatus mus-
cle, substantially compromise the
outcome of TSA.1 Hemiarthroplasty
or bipolar arthroplasty is used in-
stead of TSA to prevent glenoid com-
ponent loosening,2-4 but these op-
tions do not consistently alleviate
pain. As these examples highlight,
the outcomes with conventional TSA
are known to be limited.5

Attempts to compensate for severe
rotator cuff deficiency by using a re-
verse ball-and-socket design are not
new.6,7 Early designs resulted in cata-
strophic failure of the glenoid im-
plant,8 and reverse total shoulder ar-
throplasty (RTSA) became virtually
banned from orthopaedic practice. In
the late 1980s, the conviction that
RTSA could not be successful was so
pervasive that Grammont et al9 pre-
sented a new concept of RTSA in a
rheumatology journal rather than an
orthopaedic one. Twenty years later,
those original key ideas and that de-
sign have been proved valid, and the
superiority of RTSA over conven-
tional arthroplasty for shoulders
with irreparable cuff dysfunction has
been documented.10

The advent of successful RTSA
marked a new era in shoulder surgery.
However, its indications continue to be
debated,11-14 and the surgical tech-
niques are continually being im-
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proved on.15-18 Excellent outcomes
are possible, but they are dependent
on indications and proper patient se-
lection.19 RTSA is associated with a
high complication rate.1,9-11,20

Rationale and
Biomechanics

Although current designs21,22 of
RTSA prostheses vary in detail, they
are all based on the key design ele-
ments proposed by Grammont et al9

in 1987: (1) The prosthesis must be
inherently stable. (2) The weight-
bearing part must be convex, and the
supported part must be concave (Fig-
ure 1). (3) The center of the sphere
must be at or within the glenoid neck
(Figure 2). (4) The center of rotation
must be medialized and distalized
(Figure 2).

Inherent Stability
Conventional TSA couples a large pros-
thetic head with a small, shallow gle-
noid. Usually, the radius of curvature
of the glenoid is at least 5.5 mm longer
than the radius of the humeral com-

ponent,23 to allow free rotation and ad-
equate translation without deleterious
rim loading. To avoid glenohumeral dis-
location, the orientation of the joint re-
action force vector must be within 30°
of the glenoid center line at all
times.24 With the coordinated action
of the rotator cuff and deltoid mus-
cle, this is easily achieved. In the ab-
sence of a mechanically effective ro-
tator cuff, however, the unopposed
contraction of the deltoid creates a
force vector that is beyond the maxi-
mally tolerated 30° of the glenoid
center line, so that the head is dis-
placed superiorly rather than ab-
ducted. This is the basis for the clini-
cal phenomenon of pseudoparesis of
elevation (ie, inability to actively ele-
vate the arm in the presence of free
passive range of motion [ROM] and
in the absence of a neurologic le-
sion).

RTSA components have no mis-
match. The radii of curvature of the hu-
merus and the glenoid are identical, im-
posing concentric motion. In current
designs, the convex component is larger
than it was in earlier RTSAs, which al-

lows for more mobility.25 The convex
component is smaller than that used
in TSA (usually of a diameter of be-
tween 36 and 42 mm) and has a sub-
stantially shorter radius of curvature.
The concave component is larger and
deeper than in TSA. The angle that
the total joint force vector can sub-
tend without risk of dislocation with
the center line is thereby increased to
≥45°. With a head-neck-shaft angle
of 155° for the concave component,
an isolated contraction of the deltoid
does not superiorly dislocate the
joint but induces rotation about the
medialized, fixed center of rotation,
thereby converting superior sublux-
ation of the humerus into glenohu-
meral elevation or abduction (Figure
3).

The intrinsic stability of the two
prosthetic components depends on
the ratio between their depth and di-
ameter. Larger components are not
automatically more stable. Rather,
they provide more stability only if
the ratio between the central depth
and the diameter of the concave
component is higher (Figure 1) than
in smaller components.

A, The joint of a reverse total shoulder arthroplasty is stable as long as the resultant force vector (F, black arrow)
points inside the cup ( ≤ α). The angle (α) that the joint force vector (F) can subtend without risk of dislocation
depends on the diameter (D) or the depth (d) of the cup and the radius (r) of the hemisphere. B, For a given diameter
(D) of the cup, the smaller hemisphere is more stable than the larger hemisphere. C, This is also true for a given
depth (d) of the cup.

Figure 1
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Reversal of Convex and
Concave Parts
In the earliest attempts at compensat-
ing for the absence of rotator cuff func-
tion, it was recognized that this was
possible only with a convex glenoid and
a concave humerus replicating the bio-
mechanical design of other weight-
bearing joints.26,27 However, all of
these early attempts had a glenoid
fixation that extended into a laterally
pointing neck, which then extended
into a lateralized, spherical glenoid
component.

Medializing the Center
of Rotation to the
Scapular Neck
Grammont et al9 reversed the ball-
and-socket and eliminated the neck,
which thereby automatically medial-
ized the center of rotation to the
former glenoid surface. All forces
acting on the prosthesis pass through
the fixed center of rotation; thus, the
neckless design with a hemispheric
glenoid component transforms the
torque created by former RTSA
designs into compressive forces at

Center of rotation and position of the humerus and the deltoid muscle with
the arm at the side (A) and in abduction (B) in normal shoulder anatomy.
C and D, Reverse total shoulder arthroplasty medializes the center of
rotation, distalizes the humerus, and elongates the deltoid. The lever arm of
the deltoid muscle (dotted line) is lengthened so that for any given angular
displacement of the humerus, shortening of the deltoid is greater than in total
shoulder arthroplasty.

Figure 2

The effect of the center of rotation
on the biomechanics of reverse
total shoulder arthroplasty
components. A, In the mid range of
motion, the resultant force vector
passes through the center of
rotation of the glenosphere (white
arrow). Because the center of
rotation is at the former joint line,
abduction becomes possible and
creates shear forces (Fs) and
compressive forces (Fc) on the
interface (black arrows).
B, Lateralization of the center of
rotation improves the range of
motion (adduction and internal/
external rotation) but also results in
an additional moment (M) at the
interface.

Figure 3

Reverse Total Shoulder Arthroplasty
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the prosthesis-bone interface. This
solved the formerly inevitable prob-
lem of loosening of the convex gle-
noid component.

However, this design feature invites
a mechanical conflict between the
humeral component and the inferior
scapular neck with the arm in adduc-
tion. The almost horizontal humeral
cup impinges at the inferior scapular
neck, leading to wear of the humeral
polyethylene component and erosion
of the inferior bony glenoid rim,
known as “inferior scapular notch-
ing.”18,28 Current prosthetic designs
attempt to alleviate this conflict.
Some authors lateralize the center
of rotation22 (Figure 3, B), which
increases the tilting forces at the
interface but also increases the
impingement-free ROM. Others pre-
serve as much glenoid bone as possi-
ble and use a convex glenoid base-
plate. A hemisphere positioned on a
convex baseplate lateralizes the cen-
ter of rotation to the level of the infe-
rior and superior glenoid rim. This
increases the tilting forces at the
baseplate-bone interface but also in-
creases the impingement-free ROM.
Both effects can be reduced with a
glenoid representing less than a
hemisphere.

Inferior scapular notching is also
influenced by the ratio between the
depth and diameter of the humeral
component. Prostheses with a high
ratio (particularly stable prostheses)
are more likely to lead to notching
than are prostheses with a low ratio.
Currently, the optimal design com-
promise is not known. It may be that
the optimal design varies by clinical
situation.

Medialization and
Distalization of the
Center of Rotation
In their original experiments, Gram-
mont et al9 noted that an abduction
angle of 60° and medialization of the

center of rotation by 10 mm in-
creased the deltoid moment by 20%
and that distalization of the center of
rotation by 10 mm increased the effi-
cacy of the deltoid by another 30%.
The lever arm of the deltoid muscle
is almost doubled with an inverse
prosthesis; thus, the efficacy of the
deltoid for abduction is also approxi-
mately doubled. The fibers that are
medial to the center of rotation in a
normal shoulder come to lie lateral
to the center of rotation and thereby
become abductors and/or elevators.
Thus, it is presumed that the longer
lever arm resulting from the reverse
prosthesis allows the recruitment of
more deltoid fibers for elevation and
abduction. Conversely, the anterior
and posterior deltoid fibers loose
their external and internal rotator
moment (Figure 4). Thus, active
external rotation in particular is
often further compromised after
RTSA.20,29,30 Distalization of the cen-
ter of rotation is necessary to provide
space for unrestricted ROM of the
proximal humerus and for tension-
ing the deltoid muscle (Figure 5).

There are further clinically relevant
consequences of medialization and
distalization of the center of rota-
tion. In TSA, the excursions of the
tuberosities with respect to the cora-
coacromial arch are small because
the tuberosities lie close to the center
of rotation. In RTSA these excur-
sions become substantial. The tuber-
osities are comparable to outriggers
and may easily cause mechanical
conflicts with the acromion in ab-
duction, the scapular spine in exter-
nal rotation, and the coracoid pro-
cess in internal rotation, thereby
limiting glenohumeral movement.
The role of these very large excur-
sions in the development of pros-
thetic instability is currently un-
known, but the senior author (C.G.)
has intraoperatively observed greater
tuberosity impingement at the scapu-
lar spine levering the humerus out of

the socket. This risk increases the
more the humerus is lateralized, and
recognition of this condition and in-
traoperative testing are crucial.

When an anatomic shoulder rotates

With reverse total shoulder
arthroplasty, joint motion is limited
by direct contact between the
polyethylene cup and the scapular
neck. A, A glenosphere that is
placed above or flush with the
inferior glenoid rim does not allow
full adduction. B, An overhang of
the glenosphere is mandatory to
prevent inferior impingement and
scapular notching. This overhang
reduces the risk of subacromial
impingement of the greater
tuberosity during abduction.

Figure 4
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through a given arc of elevation or ab-
duction around an anatomic center of
rotation, the arc on which the deltoid
fibers contract has a short radius. In the
patient with an RTSA, this radius is
long. Thus, the deltoid muscle fibers
that are under tension with the arm in
adduction undergo much more short-
ening during a given arc of abduction
and lose their strength beyond approx-
imately 80° to 90°.

Indications and
Contraindications

RTSA may be considered when the fol-
lowing conditions are fulfilled: (1) The

patient presents with a clinically symp-
tomatic, irreparable rotator cuff tear as-
sociated with an irrecoverable pseudo-
paresis of anterior elevation and/or
abduction. Exceptional, unacceptable,
painful, irrecoverable weakness may be
an indication. (2) Deltoid function and
structure are reasonably preserved. An
excellent result is possible only with a
good deltoid muscle. A very scarred but
innervated deltoid may not constitute
a contraindication. Complete axillary
nerve palsy is considered a contraindi-
cation because of the very high prob-
ability of recurrent instability and the
minimal potential gain in function. (3)
Glenoid bone stock and glenoid bone

quality must allow secure fixation of an
inverse glenoid component. In revision
situations or in shoulders with substan-
tial medial or superomedial erosion, this
can be judged only on preoperative
magnetic resonance imaging scans or,
preferably, on computed tomographic
scans of the glenoid. Three-dimensional
planning using appropriate templates
must document that implantation of a
glenoid baseplate is possible without ex-
cessive anterior or posterior version and
without upward tilt of the glenoid base-
plate.

Infection, neuroarthropathy, and sub-
stantial glenoid bone erosion or defects
are contraindications to RTSA. Severe
osteopenia, such as in the patient with
long-standing, steroid-dependent rheu-
matoid arthritis, is a relative contrain-
dication. The patient must be informed
that the complication rate of RTSA is
approximately three times that of con-
ventional TSA, that radiographic find-
ings deteriorate after approximately 6
years,10 and that clinical results dete-
riorate after approximately 6 to 8
years.10,11 These contraindications
justify the recommendation to re-
serve RTSA for elderly patients with
low functional demands.

Pain is a common feature in poten-
tial candidates for RTSA. When pain
is the only complaint, however,
RTSA is not the preferred treatment.
Instead, other means, such as conser-
vative treatment, biceps tenotomy,
subacromial débridement, and hemi-
arthroplasty, are effective.

Pseudoparalysis of external rota-
tion, which may be the predominant
patient complaint, cannot be treated
with RTSA. Grammont and Baulot21

recognized that the results of the
Grammont prosthesis were inferior
in the presence of a nonfunctioning
teres minor. These authors proposed
to displace the insertion of the del-
toid anteriorly on the humeral shaft,
a procedure that has not gained ac-
ceptance. Currently, it appears that
RTSA for pseudoparalysis of eleva-

A and B, Severe pseudoparalysis of elevation and abduction of the right arm
in a 69-year-old woman. Anteroposterior (C) and lateral (D) radiographs
demonstrating Hamada stage II to III massive rotator cuff tear with static
superior subluxation of the humeral head and mild acromial erosion.
E, Magnetic resonance imaging scan demonstrating Goutallier stage 3 fatty
infiltration of the supraspinatus and infraspinatus muscles.

Figure 5

Reverse Total Shoulder Arthroplasty
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tion combined with latissimus dorsi
transfer for the treatment of concom-
itant pseudoparalysis of external ro-
tation may be a substantial improve-
ment.

Surgical Technique

RTSA is performed via a deltopec-
toral or a superolateral approach. In
the largest currently available multi-
center study, that of 527 RTSAs10 for
massive rotator cuff tear, both ap-
proaches had statistically significant
advantages and disadvantages. A su-
perolateral approach was found to
be much better than a deltopectoral
approach in terms of postoperative
instability (0% versus 5.1%, respec-
tively; P < 0.05) and was better in
terms of preventing fractures of the
scapular spine and the acromion (P <
0.05). A deltopectoral approach af-
forded better preservation of active
external rotation as well as better
orientation of the glenoid compo-
nent, glenoid loosening, and inferior
scapular notching. The approach
must be selected according to sur-
geon experience and patient-specific
factors. Revision surgery appears to
be more frequently and easily per-
formed through a deltopectoral ap-
proach, but when instability is a
major concern, a superolateral ap-
proach may be preferable.

Our current preference is the del-
topectoral approach because we
most often use RTSA as a revision
procedure. A superolateral approach
is used when the subscapularis is in-
tact and preservation of active inter-
nal rotation is a high priority, such
as in patients with only one function-
ing arm. The deltopectoral approach
facilitates glenoid exposure, identifi-
cation and protection of the axillary
nerve, and access to the humeral
shaft in prosthetic revisions. When it
is intact, the subscapularis is tenoto-
mized close to the musculotendinous

junction. In our early experience, we
have chosen not to repair the sub-
scapularis tendon because after
RTSA, it becomes an adductor rather
than an abductor. We have, however,
found that leaving the subscapularis
unrepaired consistently leads to an
inability of the patient to reach be-
hind the back. Thus, we readapt the
subscapularis at the end of the proce-
dure. In addition, it is hoped that
subscapularis repair decreases the
rate of instability by creating an an-
terior envelope. The multicenter
study by Molé and Favard,10 how-
ever, has shown that repair or tenot-
omy without repair has no statistical
influence on outcome.

The humeral head is resected, re-
specting the greater and lesser tube-
rosity, and the tendon of the long
head of the biceps is tenotomized.
The glenoid is exposed, the labrum is
excised, and the capsule is released
circumferentially. Inferiorly, the ten-
don of the long head of the triceps is
released under protection of the axil-
lary nerve. The exact positioning and
orientation of the guidewire for the
reamer are crucial. Preoperative
planning must ascertain that reaming
can be performed without creating
glenoid anteversion or retroversion,
or superior glenoid tilt. An inferior
tilt may favor notching if reaming is
performed far medially.17,18 Con-
versely, a superior tilt appears to be
associated with increased loosening
of the glenoid component. Upward
tilting must be avoided to prevent
glenoid component loosening. Infe-
rior notching can be avoided by in-
ferior positioning of the glenoid
component. For this purpose, the
guidewire for the glenoid reamer
must be positioned so that the gle-
noid baseplate is as low as possible.
The inferior border of the baseplate
should not be proximal to the infe-
rior glenoid rim, so that the glenoid
component eventually overlaps the
inferior border of the glenoid. Lock-

ing screws are used to provide pri-
mary stability. They are usually an-
chored in the lateral pillar of the
scapula and in the base of the cora-
coid. An appropriate-size glenoid
hemisphere (ie, glenosphere) is then
mounted on the baseplate. Current
results suggest that larger gleno-
spheres are associated with less pain
and better strength,10,29 but it may
not be possible to use a large implant
in a small individual. In larger pa-
tients with good glenoid bone stock,
a larger glenosphere appears to be
preferable.

The humerus is then broached, and
the humeral cup is inserted. In the
French multicenter study, neutral tor-
sion of the humeral cup showed a
better outcome in terms of activities
of daily living, strength, Constant
score, radiologic loosening, and gle-
noid complications than the use of
the physiologic 20° of retrotorsion.10

Thus, the humerus should be in-
serted in neutral torsion.

The height of the polyethylene
component should be such as to
lengthen the arm (ie, tip of the acro-
mion to the elbow) by approximately
2 to 3 cm with a very snug fit after
relocation. The implanted prosthesis
is relocated by pushing the concave
humeral cup downward rather than
by pulling on the arm. Seating of the
prosthesis is easiest in approximately
neutral rotation and slight anterior
elevation. Stability is tested with the
arm in abduction and internal rota-
tion. This is the position that pa-
tients use to get out of bed or out of
a chair, and it represents the most
frequent position of anterior disloca-
tion. When anterior dislocation oc-
curs with the arm in abduction and
internal rotation, the antetorsion of
the humerus must be increased, and
the surgeon has to ascertain that the
glenoid component was not im-
planted with anteversion.

Following readaptation of the sub-
scapularis, one or two suction drains

Christian Gerber, MD, FRCS(Ed), et al
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are inserted. The design of the RTSA
provides a large, empty subacromial
space; in early series, hematoma for-
mation has been the most frequently
reported complication.20 Draining
for 24 to 48 hours has solved this
problem. A sling is used postopera-
tively, and the arm may be used for
activities such as brushing teeth or
eating. Sling use is discontinued after
4 to 6 weeks.

Clinical Experience and
Results

At 2- to 10-year follow-up, RTSA
has proved to be effective in treating
pseudoparalysis of elevation associ-
ated with massive rotator cuff
tears.11,19,20,29 There is substantial evi-
dence that the results depend on the
indication for which RTSA is used
and that functional outcome and
complication rates are distinctly dif-
ferent in primary versus revision cas-
es.11,19,20,29

Massive Rotator Cuff Tear
and Cuff Tear Arthropathy

RTSA has been shown to reliably re-
store overhead elevation in patients
with massive rotator cuff tear and
cuff tear arthropathy.10,11,20,22,28 For
the 484 patients in the French mul-
ticenter study with the prosthesis
still in place after a minimum of
24 months (mean follow-up, 52
months), the Constant score had in-
creased from 24 points preopera-
tively to 62 points postoperatively,
pain increased from 3.7 to 12.6
points (15 points represents freedom
from pain), and elevation increased
from 71° to 130°.10 At 52 months
postoperatively, 90% of the patients
were very satisfied or satisfied with
their shoulder. Factors associated
with better outcome were larger
prosthetic components, absence of
retrotorsion of the humeral compo-
nent, and preoperative absence of

fatty infiltration of the teres minor,
reflected by the clinical absence of
hornblower’s sign.31

At 10 years postoperatively in the
study by Molé and Favard,10 89% of
the prostheses were still in place, and
72% of the patients had a Constant
score >30 points. Radiographic dete-
rioration started to appear after ap-
proximately 5 to 6 years, with clini-
cal deterioration appearing after
approximately 8 years. The authors
concluded that this documented that
RTSA should be reserved for patients
older than age 70 years. Given the
relationship between the risks and
benefits of RTSA, this is clearly the
best indication for such surgery. We
have seen clinical and radiographic
results that continue to be very satis-
factory beyond 10-year follow-up
(Figures 6 and 7).

Rheumatoid Arthritis
Rheumatoid arthritis of the shoulder
may be amenable to RTSA. The
most important prerequisite is ap-
propriate glenoid bone stock. When
this is compromised by medial and
superior erosion of the glenoid cav-
ity, hemiarthroplasty may remain the
least unsatisfactory treatment. For
the patient with sufficient glenoid
bone stock, however, RTSA has
shown encouraging short-term re-
sults, with good pain relief and a sig-
nificant improvement in Constant
score.14,32 In one study, complications
were relatively infrequent, including
infection, aseptic loosening of the
glenoid component, and acromial
fractures. For this reason the use of a
transacromial approach was discour-
aged.14 Follow-up studies of between
5 and 10 years suggest that the ra-
diographic results deteriorate faster
than in rotator cuff disease.33

Longer-term studies are needed to
determine whether glenoid compo-
nent loosening progresses substan-
tially, necessitating further revision

surgery. Currently, advanced rheu-
matoid arthritis should not be con-
sidered a well-established indication
for RTSA.

Acute Three- and Four-part
Fractures in the Elderly

Three- and four-part fractures in pa-
tients older than age 70 years remain
a treatment challenge, and RTSA is
currently being assessed for this
indication.34-36 Patients recover more
easily after RTSA than after hemiar-
throplasty, and they do not need
careful protection and rehabilitation.
Although these patients usually re-
cover overhead elevation, they expe-
rience relatively poor external rota-
tion control (Figures 7 and 8).

The overall results are comparable
to hemiarthroplasty, although they
appear to depend less on tuberosity
healing than those of hemiarthro-
plasty. With RTSA, neither excellent
nor very poor results are seen,
whereas with hemiarthroplasty, ex-
cellent results are obtained when the
tuberosities heal anatomically, and
poor results occur when the greater
tuberosity fails to heal. The ease of
postoperative care and the lack of a
need for rehabilitation may ulti-
mately be of importance for the se-
lection of RTSA to manage acute
fractures in elderly patients with se-
vere osteopenia.

Revision of Failed Fracture
Fixation and Failed
Prosthetic Surgery

Despite the striking improvement in
pain, forward flexion, and Constant
score, revision surgery with RTSA is
rife with complications, and results
are inferior to those obtained for
other indications.19,37 Jouve et al37 per-
formed a multicenter study of RTSA
used to manage failure of hemiarthro-
plasty for tuberosity problems associ-
ated with fracture prostheses, glenoid
erosion, rotator cuff tear, instability, and

Reverse Total Shoulder Arthroplasty
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component malposition. These authors
reported 24 intraoperative complica-
tions in 65 cases and a postoperative
complication rate of 32%, necessitat-
ing 15 revision operations. The most
common postoperative complication
was dislocation, followed by infection,
hematoma, acromial stress fracture,
periprosthetic humeral fracture, and
transient nerve palsy. Gohlke and
Werner38 reported a 40% complica-
tion rate in 20 patients with hemiar-
throplasty that was converted to
RTSA. Wall et al19 reported a 40%
revision rate and a 50% complica-
tion rate, with instability accounting
for most complications. Considering

the complexity of failed TSA revision
surgery, functional results were
found to be acceptable but were
poorer than with primary RTSA.39

Werner et al20 demonstrated that
prior operations are a risk factor for
postoperative complications and that
the revision rate following revision
surgery is substantially higher than
in primary interventions (39% ver-
sus 18%). Despite the very high risk,
RTSA is the only surgical procedure
with which overhead function can be
restored in patients with failed shoul-
der fracture surgery. Thus, the high
risk must be weighed against the po-
tentially high benefit.

Revision of Failed RTSA
Information on revision surgery fol-
lowing RTSA is currently available
primarily within the reports on ini-
tial RTSA.10,19,20,29 Publications spe-
cifically addressing the results of re-
vision surgery are lacking. In our
experience, hematoma formation re-
quiring evacuation, insufficient arm
length causing instability and requir-
ing changing of liners, and infection
requiring removal of the prosthesis
are currently the most common
problems requiring revision of
RTSA. In general, the outcome of re-
vision surgery does not seem to be
substantially compromised if the

A, B, and C, Photographs of the same patient as in Figure 5, demonstrating pain-free overhead function at 10 years
after reverse total shoulder arthroplasty. The radiographic notching that was present 3 months postoperatively (D and
E) did not increase in the following 10 years (F and G). Both components were stable at 10-year follow-up.

Figure 6
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RTSA can be retained. However, we
have found outcomes to be poor in
patients in whom prosthesis removal
was required.

Complications

Although RTSA is a powerful tool in
reconstructive shoulder surgery, it
may be fraught with complications
associated with its nonanatomic de-
sign and its use in multiply operated
patients with distorted anatomy. The

surgeon must be aware that the pa-
tient may experience infection, gle-
noid complications, inferior scapular
notching, instability, and acromial
fracture.

Infection

Deep infection has been shown to
occur in 5.1% of the primary cases
of RTSA.10 This is approximately
four times the infection rate of TSA
and is most likely related to prosthe-
sis design. The inverse prosthesis cre-

ates a large subacromial dead space
that is often the site of hematoma
formation. Additionally, large parts
of the implant surfaces are not neces-
sarily in contact with living tissue,
which may facilitate the development
of infection. In revision surgery, the
infection rate is even higher.20 Most
infections occur early and can be
treated with lavage and antibiotics;
some occur after 3 months and ap-
pear to respond poorly to débride-
ment and prosthesis retention.10

Glenoid Complications
Intraoperative glenoid complications
are rare. However, glenoid loosening
has been observed in 4.1% of prosthe-
ses followed for longer than 2 years; this
figure does not include the approxi-
mately 2% to 3% of glenoids that were
removed prior to 2-year follow-up.10

Scapular notching is not consistently
associated with glenoid loosening.40

Risk factors for glenoid loosening
are younger patient age (<70 years),
female sex, and a superolateral ap-
proach. Glenoid loosening usually
occurs early; in the series by Molé
and Favard,10 55% of such loosen-
ings occurred within the first 2 years.
The preferred treatment method may
be a staged approach involving fill-
ing the glenoid cavity with autoge-
nous bone and awaiting incorpora-
tion with a hemiarthroplasty before
going back to perform reimplanta-
tion of an inverse glenoid compo-
nent.

Inferior Scapular Notching
Notching of the bone of the inferior
and posterior scapular neck has an
incidence of 50% to 96%.14,20,28 This
complication is generally observed
within the first 6 months after sur-
gery and appears to stabilize in most
cases.18,29 However, some studies
demonstrate an apparent increase in
incidence and severity of notching
with time.41 Lévigne et al41 correlated
the presence of notching to the pre-

A, Preoperative anteroposterior radiograph demonstrating a proximal three-
part fracture in a severely osteopenic 78-year-old woman. Anteroposterior
view with the arm in internal rotation (B) and an axillary lateral view with the
arm abducted to 45° (C) taken 6 weeks after reverse total shoulder
arthroplasty, at which time the patient was already able to reach her front
with her hand (D).

Figure 7
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operative diagnosis of rotator cuff
tear arthropathy and its associated
Goutallier stage 3 to 4 fatty infiltra-
tion of the infraspinatus, along with
a narrowed acromiohumeral dis-
tance and superior erosion of the gle-
noid. Whereas the presence of a
notch has been found not to have a
significant effect on pain and Con-

stant score in some studies,41 it has
been found to be associated with
poorer clinical results in others.18

Nyffeler et al17 experimentally
demonstrated that placement of the
baseplate as inferior as possible on
the glenoid face largely prevents the
occurrence of notching and improves
ROM with RTSA. These authors

also showed that former techniques
for reverse glenoid component im-
plantation inevitably lead to inferior
scapular notching. Simovitch et al18

validated the importance of cranio-
caudal positioning of the gleno-
sphere in clinical practice and essen-
tially confirmed the findings of
Nyffeler et al.17

Anteroposterior radiograph with the arm in internal rotation (A) and an axillary lateral radiograph with the arm abducted
to 45° (B) taken 1 year after reverse total shoulder arthroplasty in the same patient as in Figure 7. At the time of
follow-up, the patient was pain-free and had good abduction (C), elevation (D), external rotation (E), and overhead
function (F), as well as a stable prosthesis.

Figure 8
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Instability
Instability has been observed to
occur in 3.4% of primary cases of
RTSA.10 Instability is always anterior
and occurs with the arm in extension
and internal rotation. The reasons
for instability are not well known.
Preventive measures are focused
on using a superolateral approach,
avoiding retrotorsion of the humeral
component, avoiding anteversion of
the glenoid component, and estab-
lishing optimal length of the hu-
merus. When dislocation occurs
within the first 3 months, a surgical
error is the most likely cause, and
closed reduction is generally not suc-
cessful. However, a late dislocation
(>1 year postoperatively) can usually
be successfully treated with closed
reduction.10

Acromial Fracture
Increasing the passive tension of the
deltoid muscle can result in insuffi-
ciency fractures of the acromion or
displacement of the os acromiale.
Prevention of acromial fracture is
difficult, but there is general consen-
sus within the European shoulder
surgeon community that a thin acro-
mion is best neglected.10 Conversely,
scapular spine fractures lead to pain-
ful dysfunction and may require
open reduction and internal fixation.

Summary

Despite its inordinate complication
rate, modern RTSA has ushered in a
new era of shoulder surgery. This
procedure allows restoration of func-
tion in patients who previously were
not amenable to any other treatment.
Results, however, appear to deterio-
rate over time. There is considerable
interest in the possibility that TSA
stems—especially fracture stems—
might allow direct conversion to an
RTSA. There is much interest in de-
veloping TSA glenoids that can be

converted into inverse glenoids with-
out baseplate revision. On a techni-
cal level, further improvement of
rotational deficits is required. Cur-
rently, the key for future success is to
ascertain judicious use of RTSA and
to prevent misuse of currently avail-
able RTSAs.
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