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Abstract

The shoulder is considered to be an important flexible and movable part in the human body. However, it is a wobble joint as its range
of motion (ROM) is high. This unstable status increases the rate of joint injury. The processes leading to shoulder joint dysfunction
are arthritis, hemiarthroplasty failure, and pseudoparalysis; in turn, one of the main factors contributing to these problems is rota-
tor cuff tear (RCT). Reverse shoulder arthroplasty (RSA) may be a proper treatment for shoulder dysfunction and pain. This treatment
elevates shoulder movement and has been augmented by recent advances in the development of the reverse shoulder prosthesis
(RSP) design. This current review highlights the recent developments, revisions, and complications. A review of the published liter-
ature has been done to determine the overall rates of problems, complications, reoperations, and revisions after RSA. Furthermore,
this review discusses the problems concerning RSP, shoulder joint replacement, and improvement in shoulder joint movement after
arthroplasty.
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1. Context

Shoulder joint dysfunction has attracted researchers’
attention globally, and some methodologies have been
proposed for the treatment of the shoulder (1-4). However,
most of these treatments did not result in pain relief or
improvement in shoulder joint function, and they even
caused some complications after treatment (5-8). Hemi-
arthroplasty has been a common treatment for the last 3
decades; however, there was a need for enough glenoid al-
lograft, where the glenoid component should be fixed to
(9). Grammont, a French surgeon, designed an inverse (10)
type of shoulder prosthesis with 2 components, glenoid
and humeral, to treat shoulder joints with nonfunctioning
rotator cuff (RC) (11). The glenoid component was made
up of metallic or ceramic ball, but the humeral compo-
nent was made up of polyethylene. Nevertheless, Gram-
mont did more modifications on reverse shoulder prosthe-
sis (RSP) as a result of low postoperative range of motion
(ROM) and several failures (12). The second available model
of RSP was known as Delta III with fixation of glenoid part
using central pig, and some screws were placed on diver-
gent directions (11-13). Reverse shoulder prosthesis have
been modified and implanted during a course of 30 years

(6, 12, 14, 15). De Buttet et al. have reported improvement
in ROM after implantation of Delta III prosthesis (16). A
recent study by Rittmeister and Kerschbaumer also con-
firmed the satisfactory outcomes in ROM for patients with
rheumatoid arthritis. The postoperative outcomes of the
Delta III RSP in improving shoulder function have been re-
ported several times for different follow-up periods of pa-
tients, which are demonstrated in Table 1 (3, 13, 15, 17). Sev-
eral studies have shown (18-21) a complication associated
with an unconstrained total shoulder arthroplasty in the
presence of a cuff-tear arthropathy (15, 21-23). According
to the aforementioned developments in the treatment of
the shoulder joint dysfunction and the complications con-
cerning RSP arthroplasty, the objective of this review was to
represent recent developments, complications, and post-
operative outcomes of Delta III reverse prosthesis.

2. Hemiarthroplasty of the Shoulder

One of the most serious surgical challenges has been
the treatment of shoulders with irreparable RC because
the target was pain alleviation, but the results were gen-
erally poor. In partial replacement of the shoulder, hemi-
arthroplasty, the humerus (arm bone) is replaced with a
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prosthetic metal implant, and the remaining part of the
shoulder joint, ie, the glenoid, is left intact. Shoulder hemi-
arthroplasty is seen in austere, continuing conditions of
shoulder osteoarthritis, in which only the humeral head is
hurt.

There are 2 types of hemiarthroplasty (Figure 1):
- Stemmed hemiarthroplasty replaces the head of the

humerus with a metal ball and stem, which is similar to
the piece used in a total shoulder replacement. Stemmed
hemiarthroplasty is useful when the humeral head is
strictly cracked or arthritic, but the socket is normal, or
there is a large rotator cuff tear, and thus a complete shoul-
der replacement might be unsuccessful over time.

- Resurfacing hemiarthroplasty includes replacing the
joint surface of the humeral head with a cap-like prosthe-
sis and no stem. Resurfacing hemiarthroplasty keeps the
bone and evades the dangers of component wearing and
loosening, which could happen in total shoulder replace-
ment over time.

Although hemiarthroplasty reduces the pain in the
treatment of a patient with cuff tear arthritis, it does not
eliminate the pain. Several studies have shown unpre-
dictable results (2-4, 17, 24, 25) of hemiarthroplasty for
cuff deficient arthritis (26, 27). Despite hemiarthroplasty
ability for smooth surface creation for joint articulation,
there is not fulcrum stabilization, which is not adequate
for elevation. Pain relief is chiefly good after surgery,
but can get worse during the course of time along with
glenoid arthritis and acromial wear or fracture. The re-
sults of hemiarthroplasty are even more problematic in pa-
tients, who show a pseudo-paralysis of the shoulder (28,
29). Primary hemiarthroplasty of the shoulder is used to
treat complex proximal humeral fractures although the re-
ported functional results following this method of treat-
ment vary widely (30). Improvement of hemiarthroplasty
results may be the procedure of choice for young patients
with end-stage glenohumeral arthritis (29).

2.1. Reverse Shoulder Prosthesis

Because there was some problems concerning con-
ventional shoulder arthroplasty, Grammont designed an
inverse type of shoulder prosthesis (Depuy-International
Ltd) to treat shoulder joints with nonfunctioning RC. The
first Grammont shoulder prosthesis was the opposite of
the conventional one, with 2 parts invented in 1985 (13).
One of them was glenoid head, which was the concave part
and the other was the humeral shaft, which was the convex
part (Figure 2). The glenoid head and humeral shaft were
made up of metallic or ceramic ball and polyethylene, re-
spectively.

In 1987, the results of this research, with 8 patients as
the study sample, were published (31). The patients had no

pain during the follow-up period, but with variable func-
tion. Most patients had active anterior elevation of 100° to
130°, but 3 of them showed less than 60° elevation. Fewer
results led to more modifications of Delta prosthesis, re-
sulting in the current design. Because there were several
problems concerning the first type of RSP design, some
modifications were applied by Grammont, and finally the
current available design in the market, Delta III, was pro-
duced. Nowadays, 3 different types of RSP are available and
different manufacturer modifications have been applied.
However, the glenoid base plate is the common part in
all modifications. The most common difference between
these modifications is that in some of them base plates are
fixed to the glenoid through using a screw, whereas the
other models use a peg for fixation (Figure 3). Other differ-
ences among the different models are glenoid head diam-
eter, humeral shell neck shaft angle, and humeral concave
polyethylene diameter. Generally, different parts of the
currently available design of RSP are base plate with peg
and screw fixation and glenohumeral head and humeral
component (Figure 3). The humeral component consists of
2 parts itself, stem and proximal, and a concave polyethy-
lene part, which is located into the proximal end of the
humeral stem. The overall RSP assembly procedure during
arthroplasty is (1) fixation of the base plate to glenoid, (2)
insertion of the glenoid head over the base plate, (3) inser-
tion of the concave polyethylene part on humeral compo-
nent, and implanting humeral stem into arm, for some of
which cementing is needed.

To cancel the shearing forces for initial abduction in
the current type of Grammont prosthesis, a triangular di-
vergent arrangement of screws has been invented. The
glenoid head or glenosphere part is manufactured in 2 di-
ameters, 36 and 42 mm, and is made up of cobalt-chrome.
For cemented or cementless fixation of the humeral com-
ponent, it is coated by hydroxyapatite or polished, respec-
tively. There are 3 available lengths for humeral stem: 100
mm for the standard prosthesis, and 180 and 150 mm for
revision.

2.2. Biomechanics of the Reverse Shoulder Prosthesis

In the reverse type of the shoulder prosthesis (Delta III),
glenoid head, which has a hemispherical shape, is com-
bined with screw fixation of the baseplate. This unique
design increases the ROM of the prosthesis compared to
the first Grammont design (ball and socket). By appropri-
ate placement of this prosthesis, which uses more deltoid
muscle fibers for elevation and increases the deltoid lever
arm, the COR is made more distal, putting the deltoid mus-
cle at greater tension. This parameter elevates the mechan-
ical ability of deltoid muscle to provide rotational torque.
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Figure 1. Two Types of Total Shoulder Arthroplasty; A, Conventional Total Shoulder Arthroplasty; B, Stemless Minimally Total Invasive Shoulder

2.3. Literature Survey of ROM and COR

Nyffler et al. (33) have studied glenoid component
positioning to improve ROM to decrease the component
impingement and scapular notching. They have deter-
mined that to elevate abduction angle before component
impingement and to decrease scapular notching, more in-
ferior and distal positioning of the glenoid part is needed,
which allows the glenoid component to extend beyond
the inferior rim of the glenoid. In biomechanical terms,
this impingement is reasonable because it is the immedi-

ate result of the lack of a synthetic neck on the glenoid
side and lowering of the humerus. There are severe rea-
sons for impingement of the concave part of the humeral
component in the scapular neck, particularly if the notch
is wider than what impingement can describe alone (34).
Grammont determined that the solution for increasing
the deltoid power and preventing high range of forces on
the glenoid component is medializing the COR at the level
of the glenoid surface and orienting the humeral cup al-
most. To date, these biomechanical solutions have been
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Figure 2. The Initial Design of Grammont RSP with Only Two Components

used. However, the wear of polyethylene part of humeral
component and scapular notching seem to be the compli-
cations, which are not preventable. Furthermore, lateral-
ization of the COR outside the scapula increases the likeli-
hood of glenoid component loosening. Likewise, the pos-
sibility of the prosthesis instability increases if inclination
of the humeral part decreases to prevent scapular notch-
ing.

3. Postoperative Results and Related Problems

Investigation of some postoperative RSP problems in-
dicates a 15% complication rate with a 5% revision rate; 96%
of the patients complained of little or no residual pain. A
different evaluation of patients with cuff tear arthropathy
(CTA) illustrated good results after more than 5 years of
follow-up, with no evidence of progressive glenoid loosen-
ing or changing the results over time. Stevens et al. (35)
have reviewed functional results of bilateral RSP replace-
ment on 15 patients with a mean age of 73. They used 4
different types of RSP and have reported that RSP can be
a good treatment for pain relieving and increasing for-
ward elevation, and improving function. Sirveaux et al. re-
viewed the postoperative outcomes of Grammont’s pros-
thesis (Delta III) in patients with irreparable rotator (15).
They found that the early results achieved from inverted
shoulder arthroplasty are promising. Valentiet al. (36)
studied 60 patients, who were suffering from CTA, and for
whom RSA was done. They have observed improvement
in the shoulder function of the patients. It is suggested
that Grammont RSP is a new treatment and useful for old
patients, who suffer from osteoarthritis and have enough
bone for fixation of the base plate. A comparative post-

operative outcomes review of RSA by different researchers
to active abduction is illustrated in Table 1. In addition,
the arthroplasty results for active elevation angle between
hemiarthroplasty of the shoulder and RSA are compared in
Table 2.

3.1. Complication and Unsolved Problems with Delta III

Improvement in the shoulder joint dysfunction is
gained by the novel postoperative results of the RSP and
pain relief for those who suffer from any kind of diseases
related to the shoulder joint. Many complications have
been reported by numerous scientists, who performed and
followed the patients after surgery. Complications can be
classified in different categories as follow: notching of the
bones and parts, which is the most common complication;
prosthesis instability (48); dislocation; hematoma forma-
tion; infection; nerve damage (19) (a conventional model);
implant loosening; and acromial stress fractures. The most
important complications of RSP will be addressed and de-
fined in detail as follow.

3.2. Indications

It has been determined that 3 distinct conditions of
RSP are convenient for the treatment of the shoulder. The
primary indication is shoulder with cuff tear arthritis in
which patients suffer from pain and are unable to do ab-
duction; the second circumstance of using reverse type of
shoulder prosthesis is severe scapular fracture; the third
circumstance for which RSP arthroplasty is useful is for
those patients with failed hemiarthroplasty in the past or
comminuted fracture of proximal humerus. Implementa-
tion of the RSP presents a considerable pain relief and ac-
tive elevation restoration.

3.3. Scapular Notching

It is reported that scapular notching is the most regu-
lar complication associated with RSP (40). Also, it is sug-
gested that scapular notching is due to the prosthesis de-
sign. Notching was firstly reported by De Wilde et al. who
observed the phenomenon of notching in half of the mon-
itored cases (42). Furthermore, radiographic data have
shown that scapular notching is a potentially adverse com-
plication, which occurs in 50% to 96% of the cases. The po-
sition of the COR of revert prosthesis, variations of scapu-
lar neck morphology, positioning, and orientation of the
base plate have been shown to influence the development
of scapular notching, especially in inferior position (32).
The consequences of scapular notching were investigated
in 326 consecutive patients undergone revers total shoul-
der surgery from 1991 to 2003 (49). Their studies revealed
that scapular notching is common in RSP and that the first
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Figure 3. A, Different Components of Delta III Prosthesis, Humeral Shaft, Epiphysis, Polyethylene Inlay, Glenosphere, and Baseplate with Central Peg

Table 1. Reverse Shoulder Prosthesis Postoperative Outcomes for Active Abduction

Study Number of Patients Follow-Up,mo Mean Active Abduction, ° Mean CM, %

Dewilde et al. (14) 4 38 175 85

Dewilde et al. (14) 7 112 163 78

Dewilde et al. (14) 2 16 135 71

Beekman et al. (37) 11 24 - 56

Flury et al. (38) 21 46 90° 56

Gallinet et al. (39) 16 12 91 53

Boileau et al. (12) 42 50 - 56

Simovitch et al. (40) 77 44 111 78

Stevens et al. (35) 15 107

Abbreviation: CM, constant-Murley.

radiographic marks usually begin to appear within the
first months after surgery; furthermore, they found that
positioning of the baseplate definitely influences scapular
notching and high positioning of the baseplate and stated
that superior tilting should be evaded (Figure 4).

Nowadays, RSP design is offered by several prosthetic
manufacturers: ie, DePuy (Warsaw IN) Tornier SA, (Mont-
bonnot, FR), etc. Several adjustments have been done by
different manufacturers to address possible problems of
notching, which will be discussed in following sections
(Figure 5). Stephenson et al. examined the effect of

humeral part version in Aequalis Reversed shoulder pros-
thesis (Tornier, Edina, MN) on impingement of scapula.
They suggested that placing the humeral component be-
tween 20° and 40° of retroversion provides the oppor-
tunity for greater external rotation before impingement
(34). The model designed by Encore Medical, Austin, TX,
attempted to address the issue of scapular notching by
providing the option for a more lateral center of rotation
(COR) (50).
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Figure 4. Scapular Notch: Radiographic Classification of Sirveaux in 4 Grades: (a) The Defect Concerns Only the Pillar; (b) Contact With the Lower Screw of the Baseplate; c)
Extension Over the Lower Screw; and(d) Extension Under the Baseplate

3.4. Dislocation

Just like real shoulder, a shoulder revert prosthesis can
dislocate. Dislocation is one of the most common seri-
ous complications concerning RSP. It has been seen in all
follow-up results of RSA, with rates as high as 9%, respon-
sible for almost half of the complications in some series
(51). Implant dislocation resistance is measurable using
stability ratio, representing the ratio of the maximum dis-
location force to a given compressive axial load. One theo-
rized cause is subscapularis insufficiency because the ten-
don cannot be repaired at the time of the surgery. In 2005,
Boileau et al. proposed that an anterosuperior transdel-
toid method may reduce instability after RSA because the
subscapularis is preserved (12). Using the Aequalis reversed
system, Edwards et al. recently revealed that the risk of dis-
location after RSA was almost twice as high (relative risk,
1.90) in cases with an unrepaired subscapularis tendon vs.
those with a repaired subscapularis tendon (52). It is pro-

posed that RSP dislocation merely occurs in the anterior di-
rection (53, 54). Clark et al. studied the impact of subscapu-
laris repair on dislocation after RSA with the reverse shoul-
der prosthesis (RSP, DonJoy Surgical, Austin, TX, USA). They
have shown that if the subscapularis is not repaired by
employing the RSP through a deltopectoral method, there
would not be a noteworthy effect on postoperative compli-
cation or dislocation rates (51).

3.5. Prosthesis Instability

Prosthetic instability is a prominent problem after
arthroplasty. In some cases, prosthesis instability may be
a result of impingement. Wust et al. (55) reported that
the humeral component is important for intrinsic stabil-
ity. Instability problem could be solved by increasing the
offset to restore deltoid tension, which is achievable by
putting an extension under polyethylene cup. This can be
performed by inserting a humeral neck extension under
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Figure5. Manufacturers Adjustment of Reverse Shoulder Prosthesis to Resolve Scapular Notching; A, Anatomic Shoulder Joint; B, Grammont (Medial Glenoid/Medial Humerus
Design); C, Lateral Glenoid/Medial Humerus Design; D, Equinox (Medial Glenoid/Lateral Humerus Design

the polyethylene cup and/or by increasing the size of the
glenosphere and the cup (eg, 42 mm instead of 36 mm).
Although implant instability is not an ordinary problem,
almost all series report some cases (7, 42, 44, 45). Implant
instability seems to be less seen when the implant is in-
serted through an anterosuperior transdeltoid approach,
perhaps because the remaining subscapularis is not sepa-
rated. Another important motive for instability of prosthe-
sis is hematoma formation after arthroplasty in the gap un-
der the acromion. Nevertheless, stability is a great concern
and instability remains as a complication in RSA. Eventu-
ally, frequent revision surgery of reverse prosthesis is as-
sociated with instability of prosthesis because of a weak
anterior deltoid muscle, and thus rehabilitation should be
done more cautiously after surgery.

3.6. Prosthesis Loosening

The first Grammont ball and socket approach was mod-
ified to the current hemispherical configuration in 1991 be-
cause of some problems with loosening in its first days
(13). Nevertheless, loosening remained as a severe prob-
lem in RSA. The glenoid component is typically the main
point of loosening in total shoulder arthroplasty, espe-
cially with a constrained design (56, 57). Boileau et al. rec-
ognized some reasons concerning prosthesis loosing and
suggested 3 possible solutions to prevent the following: (1)
the use of a cemented humeral stem or perhaps a hybrid
humeral component with the humeral neck part being un-
cemented and the stem being cemented, (2) the use of long
stems in revision and fracture sequelae cases, and (3) the
performance of a 2-step operation if there is any suspicion
of infection (12). Considering several researches evaluat-
ing the additives in the prosthesis coatings (such as zirco-
nia (ZrO2), ZrO2-Al2O3, nanocrystalline HA (NHA), Flurine-
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Table 2. Hemiarthroplasty of the Shoulder Postoperative Active Elevation Outcomes
(First Part) Compared to Reverse Shoulder Prosthesis (Second Part)

Study Number of
Patients

Follow-Up Active Elevation,
°

Pollock et al. (24) 19 3 112

Arntz et al. (1) 18 4 112

Williams and
Rockwood (17)

21 6 120

Field et al. (2) 16 3 100

Zuckerman et
al. (25)

15 5 86

Favard et al. (41) 60 3 96

Sanchez-Sotelo
et al. (4)

33 2 91

Grammont et al.
(13)

16 2.2 NA

De Buttet et al.
(16)

71 2 120

DeWilde et al.
(42)

5 2.5 “Fair”

Rittmeister et al.
(7)

8 4.5 NA

Jacobs et al. (43) 7 1.3 NA

Sirveaux et al.
(44)

80 3.6 138

Valenti et al. (36) 39 7.1 120

Boulahia et al.
(45)

16 3 138

Delloye et al.
(46)

5 6.7 72

DeWilde et al.
(47)

6 1 106

Boileau et al. (12) 45 3.3 121

Abbreviation: NA, not available.

NHA, TCP, diopside, scaffold diopside, akermanite, bagh-
dadite, bredigite, and nanocrystalline HA fabricated from
eggshell source etc.), we sought to find a new additive with
better mechanical and biological characteristics (58-68).
Various techniques that can be applied to coat bioceramics
composites on the metallic or nonmetallic implants, like
plasma spraying process (59,60), thermal spraying (59),
sputter coating, pulsed laser ablation, dip coating, sol–gel
and electrophoretic deposition (61,62).

4. Conclusions

Treatment of the shoulder with irreparable CT has been
always a great concern. Hemiarthroplasty is frequently
used for shoulder joint treatment, however, pain relief was
not satisfactory and stabilization was not enough for eleva-

tion. Although the first Grammont reverse prosthesis re-
sulted in pain relief after arthroplasty, active anterior ele-
vation was variable and not satisfying, in some cases less
than 60°. The second Grammont RSP is an innovative pros-
thesis designed for the treatment of the patients with ir-
reparable RCT associated with glenohumeral osteoarthri-
tis, failed hemiarthroplasty, or superior subluxation of the
humerus due to RC disease. This innovative design has
been identified as a sufficient treatment for shoulder joint
function restoration, increasing the ROM compared with
the first design and pain relief in patients with RCT. Al-
though RSA is an alternative approach for the treatment
of the shoulder joint dysfunction, it has some complica-
tions, which are frequent following both primary and re-
vision procedures, but they rarely affect the final outcome.
Instability and notching were the 2 most frequent compli-
cations leading to revision. From review endeavor, it can be
concluded that scapular notching is a common problem
that occur in almost 50% of the cases after arthroplasty.
Scapular notching could be improved through changing
the position of the COR of prosthesis, variations of scapular
neck morphology, positioning, and base plate orientation.
For instance, insertion of humeral component between
20° and 40° of retroversion (Neck-shaft angle), which re-
sults in greater external rotation before impingement;
more lateral COR and glenosphere position had the most
important effect on inferior scapular impingement. Insta-
bility is another complication, which could be solved by
inserting an extension under humeral polyethylene cup.
Prosthesis loosening problem could be addressed through
(a) cemented hybrid humeral part, (b) long stem, and (c)
the performance of a two-step operation if there is any
suspicion of infection. Function advancement is stable in
postoperative outcomes of RSP implementation at least in
short- term. This review discussed the developments, ad-
vantages, and complications of the RSP to show the abil-
ity of this design for the treatment of the patients with ir-
reparable shoulder joint function. Although many studies
have been done on patients with severe RCA, the treatment
of RCA is still a matter of debate. Future reviews or studies
on RSP may shape optimization to address the complica-
tion concern about this type of prosthesis.
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