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Abstract
Purpose The number of shoulder arthroplasties has in-
creased over the last decade, which can partly be explained
by the increasing use of the reverse total shoulder arthro-
plasty technique. However, the options for revision surgery
after primary arthroplasty are limited in cases of irreparable
rotator cuff deficiency, and tuberosity malunion, nonunion,
or resorption. Often, conversion to a reverse design is the
only suitable solution. We analysed the functional outcome,
complication rate and patient satisfaction after the revision
of primary shoulder arthroplasty using an inverse design.
Methods Over a ten-year period 57 patients underwent re-
vision surgery for failed primary shoulder arthroplasty using
a reverse design. Of the 57 patients, 50 (mean age,
64.2 years) were available after an average follow-up of
51 months. Clinical evaluation included the Constant Mur-
ley Score, the UCLA score, and the Simple Shoulder Test,
whereas radiological evaluation included plain radiographs
in standard projections. Patients were also requested to rate
their subjective satisfaction of the final outcome as excel-
lent, good, satisfied or dissatisfied.

Results Compared to the preoperative status, the overall
functional outcome measurements based on standardised
outcome shoulder scores improved significantly at follow-
up. The overall mean Constant Murley score improved from
18.5 to 49.3 points, the mean UCLA score improved from
7.1 to 21.6 points, and the mean simple shoulder test im-
proved from 1.2 to 5.6 points. The average degree of ab-
duction improved from 40 to 93° (p<0.0001), and the
average degree of anterior flexion improved from 47 to
98° (p<0.0001). The median VAS pain score decreased
from 7 to 1. Complications occurred in 12 cases (24 %).A
total of 32 (64 %) patients rated their result as good or
excellent, six (12 %) as satisfactory and 12 (24 %) as
dissatisfied.
Conclusion In revision shoulder arthroplasty after failed
primary shoulder arthroplasty an inverse design can im-
prove the functional outcome, and patient satisfaction is
usually high. However, the complication rate of this proce-
dure is also high, and patient selection and other treatment
options should be carefully considered.

Introduction

The number of shoulder arthroplasties has increased over
the last decade, which can partly be explained by the in-
creasing use of the reverse total shoulder arthroplasty. With
this rapidly increasing rate of shoulder arthroplasties, the
number of revision arthroplasties will also increase. [1].

In 1985, Paul Grammont [2] introduced the reverse pros-
thetic design. With its large hemisphere on the glenoid and its
small polyethylene cup on the humeral metaphysis in a non-
anatomical inclination, the Grammont design provides a fixed
medialised centre of rotation and causes a caudalisation of the
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humeral component. This orientation increases the lever arm
of the deltoid muscle and recruits more deltoid fibres for
abduction, resulting in proper tensioning of the deltoid fibres
to achieve restoration of stability and mobility in patients with
advanced, irreparable rotator cuff pathologies combined with
glenohumeral osteoarthritis.

Anatomical total shoulder arthroplasties, in the presence
of severe, irreparable rotator cuff pathologies, are associated
with high failure rates due to eccentric loading and loosen-
ing of the glenoid component [3, 4]. Outcome data for
hemiarthroplasties in combination with severe rotator cuff
deficiencies are variable, with instability and glenoid bone
loss occurring in some instances [5–9]. Tuberosity mal-
union, nonunion or resorption after hemiarthroplasty for
proximal humeral fractures can cause severe pain and loss
of function and often requires revision surgery [10–15].

For those conditions, reverse shoulder arthroplasty
(RSA) is described as a salvage procedure.

Despite the great popularity of the RSA, a high compli-
cation rate, ranging from 19 to 68 %, has been reported [16,
17]. For revision RSA, a complication rate as high as 50 %
has been reported [18].

However, the options for revision surgery after primary
arthroplasty are limited in cases of irreparable rotator cuff
deficiency, and tuberosity malunion, nonunion, or resorp-
tion. Often, conversion to a reverse design is the only
suitable solution.

Limited information is available regarding the outcomes
of revision shoulder arthroplasty, and most studies report
inferior results of revision shoulder arthroplasty compared
with primary arthroplasty [19, 20]. However, revision RSA
is reported as an effective treatment for failed primary
shoulder arthroplasty [21].

The goal of our study was to analyse the functional out-
come, complication rate and patient satisfaction after the revi-
sion of primary shoulder arthroplasty using an inverse design.
The patient groups who receive the most benefit from this
procedure are highlighted to improve future patient selection.

Materials and methods

Patient population

In this retrospective outcome study, 57 patients (57 consec-
utive shoulders) who underwent revision surgery for failed
primary shoulder arthroplasty using a reverse design be-
tween 2000 and 2010 were included, with a minimum
follow-up time of 24 months. All of the surgical procedures
were performed by three experienced shoulder surgeons.

Three patients were lost to follow-up, and four patients died
due to causes unrelated to the shoulder, resulting in the inclu-
sion of 50 shoulders in 50 patients (follow-up rate of 88 %).

There were 34 females and 16 males, and the mean age at
revision surgery was 64.2 years (range, 44–84 years). The
dominant side was affected in 47 patients (94 %).

The indication for revision surgery was rotator cuff in-
sufficiency and pseudoparalysis in 23 patients; instability
due to severe rotator cuff deficiency or global decoaptation
in ten patients; infection in combination with or without
severe, irreparable rotator cuff deficiency in nine patients;
component loosening in four patients; and tuberosity resorp-
tion in four patients.

The types of primary arthroplasties were hemiarthro-
plasty (HA) in 23 (11 for fracture sequelae and 12 for
primary osteoarthritis), total shoulder arthroplasty (TSA) in
13 (for primary osteoarthritis), and reverse shoulder arthro-
plasty (RSA) in 14 patients (11 for cuff tear arthropathy and
three for primary fracture treatment).

Data collection

Preoperative data were available from the institution’s
shoulder database. The mean follow-up was 51 months
(range, 24–101 months) and consisted of a clinical and
radiological evaluation.

For the clinical evaluation, the Constant Murley score
[22], the UCLA score [23], and the simple shoulder test [24]
were used, and the visual analog pain scale [25] was used to
rate the patients’ subjective pain. A goniometer was used to
determine the range of motion. Patients were also requested
to rate their subjective satisfaction of the final outcome as
excellent, good, satisfied or dissatisfied.

The clinical evaluation was performed by an independent
examiner.

Operative technique

All procedures were performed in the beach chair position
through a deltopectoral approach. General anaesthesia in
combination with an interscalene block was used, and all
patients received perioperative intravenous antibiotic pro-
phylaxis. Intraoperative cultures were taken and incubated
for at least 14 days to exclude low-grade bacteriological
infection.

Using small chisels and osteotomes, efforts were made to
remove the stem without splitting the humeral shaft by
dismantling the humeral component from the proximal
aspects of the shaft, which was successful in 30 cases. In
the remaining 20 shoulders, removal of the humeral com-
ponent was performed by splitting the humeral shaft anteri-
orly. Osteosynthesis of the shaft was performed using
metallic cerclages (Figs. 1 and 2).

Due to poor bone quality, 43 (86 %) of the revision
prostheses were cemented. Bone grafting for severe glenoid
bone loss was performed in five (10 %) patients. In all cases,
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autologous iliac crest bone grafts were used. A single-stage
procedure was performed in four cases, and a two-stage
procedure was performed in one case.

In all cases, a Delta III or Delta Xtend reverse shoulder
prosthesis (De Puy-Johnson & Johnson, Warsaw, IN) was
implanted.

Postoperative protocol

The postoperative protocol included sling immobilisation
for three to six weeks. In patients in whom no SSC
repair was possible, during the first three postoperative
weeks, continuous sling immobilisation was necessary.
Patients were treated with finger, elbow, and pendulum
exercises, as well as isometric exercises. After the third
week, the sling was removed and an increased active
range of motion was allowed. In patients who underwent

additional SSC repair, sling immobilisation and absten-
tion from abduction and external rotation for six weeks
were necessary.

Statistical analysis

Repeated measures ANOVAwith one fixed factor (HA, TEP
and Inverse) was used to compare means among the three
groups pre- and postoperatively. The 95 % confidence inter-
vals for means, as well as the differences between means,
were computed. Tukey HSD tests were used as post-hoc
tests. VAS scores and differences in VAS scores over time
were compared using a Kruskal-Wallis ANOVA. Whisker
plots were created to illustrate results. A p-value less than
5 % indicated a statistically significant result. All computa-
tions were performed using STATISTICA 10.0 (StatSoft,
Tulsa, OK).

Fig. 1 A 74-year-old woman
presented with severe
restriction of motion and pain of
the shoulder after hemiarthro-
plasty (HA) for
fracture treatment.
(a) Anteroposterior and axillary
(b) radiographs show
anterosuperior migration of the
prosthesis. c Anteroposterior
and axillary (d) radiographs
after revision reverse shoulder
arthroplasty (rRSA) at four-year
follow up
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Results

Compared with the preoperative status, the overall functional
outcomemeasurements based on standardised outcome shoul-
der scores improved significantly at follow-up (Table 1). The
overall mean Constant Murley score improved from 18.5 to
49.3 points (p<0.0001), the mean UCLA score improved
from 7.1 to 21.6 points (p<0.0001), and the mean SST score
improved from 1.2 to 5.6 points (p<0.0001). The average
degree of abduction improved from 40 to 93° (p<0.0001),
and the average degree of anterior flexion improved from 47
to 98° (p<0.0001). The median VAS pain score decreased
from 7 to 1 (p<0.0001).

According to the UCLA score, 42 (84 %) and 8 (16 %)
results were graded as poor and good, respectively. A total of
32 (64 %) patients rated their results as good or excellent, six
(12 %) rated them as satisfactory and 12 (24 %) rated them as
dissatisfied.

Among the 12 (24 %) dissatisfied patients, the average
Constant Murley score was 34 points. The average degrees of
abduction and anterior flexion were 27° and 63°, respectively.

Four of the dissatisfied patients suffered from postoperative
complications (two infections, one instability, and one aseptic
glenoid loosening) after revision RSA and had to undergo
further revision surgery. The patients named revision surgery
and poor function as their reasons for dissatisfaction. Six of the
unsatisfied patients received revision RSA in a two-stage pro-
cedure to combat deep prosthetic infection. These patients
quoted poor functional outcome, persistent pain and extended
suffering as the causes of their dissatisfaction.

A subgroup outcome analysis of primary arthroplasty
types (HA, TEP, and RSA) was performed. In all groups,
improvement in functional outcome and a decrease in pain
level were noted between the pre- and postoperative data.

Comparison of the pre- and postoperative Constant Mur-
ley scores revealed a significant improvement (p<0.001) in
all groups after surgery. However, the revision RSA group
exhibited statistically significantly lower CMS scores than
the HA and TEP groups (p<0.05) (Fig. 3).

The UCLA score demonstrated significant improvement
from pre- to postsurgery in every group. However, no sig-
nificant difference was found among the groups (Fig. 4).

Fig. 2 Preoperative and
postoperative range of motion
in the 74-year-old woman pre-
sented in Fig. 1. a Pseudopar-
laysis of the shoulder with no
abduction, anterior flexion and
outer rotation. b Anterosuperior
migration of the prosthesis. c
Range of motion after revision
reverse shoulder arthroplasty at
four-year follow up

Table 1 Overall functional out-
come measurements

CMS Constant Murley score, SST
simple shoulder test, VAS visual
analogue pain scale, UCLA score
University of California, Los
Angeles shoulder rating scale

Data given as value ± standard
deviation

Overall outcome (n050) Pre-op Post-op Improvement P value

CMS 18.5±9.3 49.3±13.9 30.8 <0.0001

UCLA 7.1±3.0 21.6±6.6 14.5 <0.0001

SST 1.2±0.8 5.6±2.6 4.4 <0.0001

VAS 7.0 1.0 6.0 <0.0001

Abduction 39.7±26.1 92.5±32.4 52.8 <0.0001

Anterior flexion 47.1±26.4 98.4±28.7 51.3 <0.0001
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The SST improved significantly in all groups between the
pre- and postoperative data (p<0.05). The postoperative
SST was significantly worse in the revision RSA group
compared with the HA and TSA groups (p<0.001) (Fig. 5).

Abduction and flexion improved significantly in the HA and
TSA groups (p<0.001), but no statistically significant improve-
ment was observed in the reverse RSA group (p00.069
and p00.090, respectively). No significant difference could
be observed between the groups both pre- and postopera-
tively (Fig. 6).

The VAS pain score decreased significantly in all groups
(p<0.001), but no significant difference among the groups
was observed (p00.53).

Complications

Complications occurred in 12 cases (24 %). In one patient
who underwent revision RSA after a two-stage revision for
deep infection, postoperative haematoma occurred, requir-
ing revision surgery on the fifth postoperative day. Never-
theless, at the final follow-up, this patient had a relatively
good outcome (Constant Murley score 67, UCLA 27, SST
6, VAS 3, abduction 80°, anterior flexion 140°). In five
patients, postoperative instability occurred, and a change
of the polyethylene inlay was performed. Three of those
patients rated their outcome as good, one as satisfied and
one as dissatisfied.

Fig. 3 Pre- and postoperative
Constant Murley score for each
subgroup

Fig. 4 Pre- and postoperative
University of California, Los
Angeles shoulder rating scale
(UCLA score) for each
subgroup
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One patient sustained postoperative anterolateral deltoid
insufficiency due to partial axillary nerve injury during the
revision operation. The patient was treated with an inverse
pectoralis major transfer [26] and six months after revision
RSA, at the final follow-up, the patient reported the result as
good. The examination revealed abduction of 50° and ante-
rior flexion of 100° (CMS 51, UCLA 23, SST 5 and VAS 2).
Two patients sustained a Vancouver B2 periprosthetic frac-
ture one and four years after revision RSA, and both were
treated operatively to revise the long cemented humeral
stem and cable cerclages. Both patients rated their final
outcome as satisfactory. In one patient, aseptic glenoid loos-
ening was observed. In two patients, late prosthetic infec-
tions occurred, one 13 months and the other 16 months after
revision. Propionibacterium acnes was the causative bacte-
ria, and both patients were treated by two-stage revision and
rated their results as poor at the final follow-up. Clinical
investigation revealed 40° and 60° of abduction and 60° of
anterior flexion for both patients. The CMS scores were low
at 26 and 32 points.

Discussion

Revision arthroplasty represents a challenge for orthopaedic
surgeons in all fields, including shoulder surgery. Previously
published studies indicate that the outcomes after revision
shoulder arthroplasty are inferior to those of primary shoul-
der arthroplasty [19, 20]. However, the overall clinical and
functional outcomes of this study are in accordance with
results published in the literature [21, 27].

Levy et al. [28] reported the outcomes of reverse shoulder
arthroplasty for the treatment of failed hemiarthroplasty

performed after proximal humeral fracture. In 29 patients,
they retrospectively found significant improvements in the
simple shoulder test from 0.9 to 2.6 (p<0.004), forward
flexion from 38.1 to 72.7 (p<0.001), and abduction from
34.1 to 70.4 (p<0.001). The complication rate was 28 %.

Treatment of failed hemiarthroplasty after fracture of the
proximal humerus is challenging and requires a very clear
indication and proper patient selection. In cases of isolated
complications, such as glenoid erosion in combination with
an intact rotator cuff, treatment with secondary glenoid
implantation should be performed. In cases of malunion or
nonunion of the tuberosities and rotator cuff deficiency,
conversion to a reverse shoulder prosthesis is often the only
suitable option. The indication for revision reverse shoulder
arthroplasty should be based on multifactorial complica-
tions, as described by Levy et al. [28]: “Only patients with
combined rotator cuff deficiency and glenoid arthritis ac-
companied with severe pain and loss of function are candi-
dates.” The treatment of substantial humeral bone loss is
often very difficult. Therefore, the authors [28] used a
humeral allograft to reconstruct the proximal portion of the
humerus. In our cohort, the use of such allografts was not
necessary.

In another study by Levy et al. [29], the authors retro-
spectively investigated the outcome of reverse shoulder
arthroplasty after failed hemiarthroplasty in patients with
glenohumeral arthritis and cuff deficiency. The flexion and
abduction improved from 49.7 to 76.1° (p00.0062) and
42.2 to 77.2° (p00.0005), respectively. Prosthesis-related
complications led to re-operation in 32 % of patients.

In another study, Walker et al. [30] evaluated 24 patients
who underwent RSA after failure of TSA. The simple
shoulder test score improved from 1 to 5 (p<0.006), and

Fig. 5 Pre- and postoperative
simple shoulder test for each
subgroup
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the forward flexion and abduction improved from 50 to 130°
and 45 to 100° (p<0.001), respectively. The overall com-
plication rate was 22.7 %.

In a retrospective, multicentre cohort study of 34 patients
who underwent revision RSA for failed TSA, Melis et al.
[31] found that the Constant Murley score improved from
24 to 55 (p<0.0001) and that the active anterior flexion
improved from 68 to 121° (p<0.0001). The postoperative
complication rate was 30 %, and 22 % of these patients
needed re-revision surgery.

The results, including the complication rate, from our
study are similar to those reported in other studies in the

literature [21, 27–31]. The best results were achieved in the
TSA group, a trend which is also suggested in the study by
Walker et al. [30] and Melis et al. [31], who obtained better
pre- and postoperative functional outcome data compared
with the studies of Levy et al. [28, 29].

Significantly worse CMS and SST scores were observed
in revision RSA compared with HA and TSA revisions. In
the revision RSA group, no significant improvements in
abduction or anterior flexion were achieved, and the out-
come in this group was worse than those in the revision HA
and TSA groups. These data illustrate the main causes of
low functional score results.

Fig. 6 a Pre- and postoperative
abduction for each subgroup. b
Pre- and postoperative anterior
flexion for each subgroup
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In this study, the reason for the inferior results of revision
RSA cannot be directly related to the implant design. In-
stead, the poor outcomes and patient dissatisfaction are
probably due to the fact that in eight out of nine revision
RSAs, two-stage revision surgery was required due to deep
infection. Infection in reverse shoulder arthroplasty is a
disastrous condition, leading to severe bone loss, which
causes difficulties in proper fixation and positioning of the
glenoid component. In some cases, glenoid bone grafting
may become necessary. In this cohort, bone grafting for
deep infection was performed in five patients, using a two-
stage procedure in four patients and a one-stage procedure in
one patient. Chronic infection often harms the soft tissue
around the joint and causes scar tissue formation. We also
observed that only one-third of those patients who required
two-stage revision for deep infection were pain-free and that
patients in the revision RSA group were older than those in
the HA and TSA groups (average ages: RSA 78.6 years;
TSA 69.9 years; and HA 52.2 years).

Several studies, however, have shown that the use of
reverse shoulder arthroplasty (RSA) is a suitable option
associated with moderate complication rates in the treatment
of primary rotator cuff arthropathy [32, 33]. The complica-
tion rates described in the revision setting are high [27–31],
again often due to severe glenoid or humeral bone loss [29].

In addition to infection, instability is a complication
following shoulder arthroplasty. In our study, five shoulders
had to be revised because of instability due to inadequate
deltoid tensioning. In all cases, changing of the polyethylene
inlay was successful and led to stable joint. Generally, the
cause of instability is insufficient deltoid tensioning, glenoid
notching or infection. On the other hand, overly high tension
can lead to nerve injuries or acromial fractures. For the
surgeon, generating the proper tension of the deltoid muscle
is challenging, which emphasises the importance of the
surgeon’s experience in revision arthroplasty. Inadequate
tensioning can be treated by using a thicker inlay or a
lateraliser, as well as a glenosphere with a greater diameter
[19, 34].

Aseptic glenoid loosening occurred in one patient in our
cohort. To avoid glenoid loosening, it is mandatory to place
the metaglene onto a sufficient bone stock and in an inferior
position [35]. In the revision setting, insufficient removal of
cement on the glenoid side could prevent bleeding and
ingrowth of the glenoid component [30].

Postoperative infections occurred in two patients (over
12 months postoperatively), and both were treated by two-
stage revision. Management strategies for this condition
range from debridement and intravenous antibiotic therapy
to single or two-stage reimplantation to partial component
removal and resection arthroplasty. In revision arthroplasty,
attention should be paid to low-virulence organisms, such as
Propionibacterium acnes and Staphylococcus epidermidis.

Intraoperative samples should be taken and incubated for at
least 14 days to exclude infection [36–38].

One patient suffered from postoperative anterolateral del-
toid insufficiency and was treated with pectoralis major
inverse plasty [26] six months postoperatively. Muscle in-
sufficiency was verified with electromyography. Nerve in-
jury appeared to be caused by the lengthening of the arm
during reverse shoulder arthroplasty. Nerve injuries seem to
occur more often in reverse shoulder arthroplasty than in
anatomical shoulder arthroplasties [39]. In the revision set-
ting, the incidence of nerve injuries seems to be even higher
because of difficult preparation due to scar tissue formation
and difficulties during prosthesis removal.

There were some limitations of this study, including its
retrospective design. Due to a complete and accurate shoul-
der database, however, preoperative data are available and
reliable. Another limitation is the small patient sample size
in each subgroup, which limits the statistical analysis of
indications and risk factors for revision surgery.

Conclusion

The functional outcomes improved in each subgroup, and
high patient satisfaction was seen, demonstrating that re-
verse shoulder arthroplasty is a suitable treatment option for
failed primary shoulder arthroplasty. However, the compli-
cation rate of this procedure is relatively high, and patient
selection and other treatment options should be carefully
considered. Revision arthroplasty for deep infection is asso-
ciated with poor outcomes, which must be discussed with
the patient.
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