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he purpose of our study is to augment the knowledge
f patient dissatisfaction after a shoulder arthroplasty.
total of 353 shoulders were prospectively enrolled

nto the Shoulder Arthroplasty Failure Experience
SAFE) project. Of these, 282 patients had complete
ata for the final analysis, including demographic in-
ormation, medical history, physical examination, stan-
ard radiographs, and the Simple Shoulder Test (SST)
cores. These data were analyzed to determine the
requency of 17 possible characteristics of an unsatis-
actory arthroplasty. Pain was the most common rea-
on for patients to seek an evaluation (241 of 282
houlders). Shoulder function was substantially re-
uced at presentation, with patients only able to per-
orm an average of 2.6 of 12 SST functions. Overall,
echnical factors such as component malpositioning
nd glenohumeral malalignment were the most com-
on characteristics identified among all the shoulders.

oosening of glenoid components was noted in 85 of
he 136 total shoulder arthroplasties, and glenoid ero-
ion was found in 51 of 80 hemiarthroplasties per-
ormed for degenerative conditions. Patients with an
nsatisfactory outcome after shoulder arthroplasty
resent with poor shoulder function and pain. Compo-
ent malposition, glenohumeral malalignment, and
lenoid failure are all prevalent features among pa-

ients with an unsatisfactory outcome. (J Shoulder El-
ow Surg 2007;16:555-562.)

espite many enthusiastic reports on the results of
houlder arthroplasty, the published literature does
ot completely represent the conditions in which the
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utcome is unsatisfactory for the patient.20 This is
ecause there has been a focus on outcomes from the
erspective of the surgeon, rather than of the patient.
he literature largely presents the results achieved by
igh-volume surgeons, even though it is recognized
hat most of these procedures are done by surgeons who
o less than 3 shoulder arthroplasties per year, that the
esults for low-volume surgeons are poorer,13,16 and
hat patients with unsatisfactory results may tend to be
ost to follow-up and thus be underrepresented in the
ublished series.

The purpose of this study is to augment the knowl-
dge of shoulder arthroplasties having outcomes that
ere unsatisfactory from the standpoint of the patient.
prospective registry was established to collect data

n all patients presenting to us for consultation be-
ause of dissatisfaction with their result from a previ-
us shoulder arthroplasty. We termed this the Shoul-
er Arthroplasty Failure Experience (SAFE).

We recognize that this type of observational study
s different than prospective studies in which a group
f patients treated by one or a few surgeons is fol-

owed up to determine the rate of failure, yet prospec-
ive studies cannot include the failures that arise in the
ractices of occasional shoulder arthroplasty sur-
eons. Although most studies of shoulder arthroplasty
resent good and excellent results, to our knowledge,

his article presents the largest series of failures to be
eported.

We recognize that failure of a shoulder arthro-
lasty is likely to be multifactorial. For example, some
urgeons may be relatively less skillful in patient se-
ection, soft-tissue management, prosthesis place-
ent, and aftercare; thus, sorting out the cause of a
iven failure is often difficult because some of these
actors are more visible than others. Specifically, ex-
essive humeral retroversion may be associated with
ailure, but it is not necessarily the cause of failure of
rthroplasties with this finding.

Although it is tempting to attribute failure to sur-
eon error, many of the factors under consideration
annot be judged as right or wrong; for example, we
now that neither an excessively high humeral head
lacement nor glenoid lucent lines are inconsistent
ith an excellent functional result. Thus, our approach

as to discern features that were common to patients
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ith a failed shoulder arthroplasty. By pointing out
hese common features, we could create new insight
mong shoulder surgeons of elements of this practice

hat deserve particular attention.
Against this background and based on our prior

xperience, we hypothesized that:
1. patients who were dissatisfied with their shoul-

der arthroplasty would have poor shoulder
function;

2. patients would predominantly express con-
cern about shoulder pain and stiffness rather
than complications of the surgery, such as
fracture or instability;

3. factors related to surgical technique, such as
component placement and fixation and sub-
scapularis failure, would emerge as prominent
features;

4. glenoid failure would be a common feature of
both; and

5. tuberosity failure would be a common feature
of unsatisfactory arthroplasties performed for
fracture.

We were unable to test hypotheses relating to the
revalence of these causes of failure because we
annot know the total number of arthroplasties from
hich this population of failures presented, and the

ate with which different types of failures might
resent to us may have been affected by selection or
eferral bias.

ATERIALS AND METHODS

We obtained approval from our Human Subjects Review
ommittee. From 1994 to 2004, 353 shoulders were eval-
ated by our shoulder consultation service because of pa-
ients’ dissatisfaction with the result of a shoulder arthro-
lasty. The data collected at the time of presentation

ncluded (1) demographic information, (2) medical history,
3) physical examination, (4) a standard set of radiographs
onsisting of true anteroposterior and axillary views of the
lenohumeral joint and a full-length anteroposterior radio-
raph of the humerus, and (5) the results of the Simple
houlder Test (SST)2,19 inventory of shoulder functions.

nformation gathered from the medical history included the
atient’s chief complaints, diagnosis at the time of primary
rthroplasty, surgical history, medical history, and the hos-
ital at which the primary shoulder arthroplasty was per-
ormed. Additional data not initially recorded were col-
ected by chart review using paper-based, microfiche, and
lectronic medical records.

A total of 296 radiographic examinations met our stan-
ards of quality for inclusion in this analysis. Radiographs
ere reviewed simultaneously by two orthopaedic sur-
eons. If the reviewers disagreed about the radiographic
ndings, the senior author was consulted. These films were
ssessed for evidence of glenoid or humeral component

oosening, tuberosity nonunion or malunion, humeral com-

onent malposition, dislocation, subluxation, glenoid ero- s
ion or polyethylene wear, periprosthetic fracture, and the
resence of heterotopic bone.

Humeral components were evaluated to determine mal-
ositioning in varus, valgus, flexion, and extension. Al-

hough there is no commonly accepted guideline for the
etermination of excessively high placement, we defined
igh placement as one in which the articular surface was
ore than 1 cm above the greater tuberosity. The relative
osition of the center of the prosthetic humeral head to the
lenoid center was recorded for each shoulder. The hu-
eral head was considered centered in the glenoid if the
istance between the center of the humeral head and the
enter of the glenoid was within 25% of the humeral head
iameter. If the distance exceeded 25% of the humeral
ead diameter, components were considered to have gle-
ohumeral malalignment.15 Although these criteria were
uite broad, we selected them for ease of use by other
urgeons.

Glenoid erosion was characterized by using previously
escribed methods.14 An adaptation of the Gruen classifi-
ation was used to document radiolucent lines about the
umeral prosthesis.11 In patients with a glenoid component,
adiolucency and seating scores were recorded according
o the classification described by Lazarus et al.17 The gle-
oid and humeral components were judged to be loose
adiographically according to the criteria described by
anchez-Sotelo et al.30,31 Computerized tomography
cans were not used in this analysis because the mentioned
enchmark studies were based on plain films, the presence
f a humeral component can make the analysis of the
lenoid component difficult, and we did not believe that the
ost was offset by their benefit.

For the 237 shoulders that underwent revision surgery,
ntraoperative findings were collected from operative notes
nd used to support or augment the findings identified on
linical and radiographic examination. Antibiotics were
ithheld preoperatively until 3 cultures and a frozen section
ere obtained.
Although it would be of value to know if different cate-

ories of disease and different implant systems had different
haracteristics, the noncontrolled nature of this study did not
llow for this determination. This fact, however, did not
reclude us from identifying the common features within this

arge population of failed arthroplasties.
We considered 17 possible characteristics of an unsat-

sfactory shoulder arthroplasty (Tables I and II). The pres-
nce of these characteristics was determined by using clin-
cal, radiographic, and operative data. The presence of
tiffness, instability, deltoid dysfunction, or nerve injury was
oted on the physical examination. Glenoid and humeral
oosening were identified on radiographs or intraoperative
ndings, or both. Patients with polyethylene wear, humeral
omponent malposition, glenohumeral malalignment, tuber-
sity nonunion, tuberosity malunion, periprosthetic fracture,
nd glenoid erosion were similarly identified by a combi-
ation of radiographic and operative findings. Rotator cuff
ears and subscapularis incompetence was based on oper-
tive findings only. A shoulder was considered infected if
esults of intraoperative cultures were positive, if they had
vidence of infection on examination or at the time of

urgery, or if outside records documented the presence of
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nfection. The presence of heterotopic bone was reported
ased on radiographic findings.

ata analysis
Only the 282 shoulders with complete information were

sed for the analysis. Differences in quantitative measures
etween and among groups were tested using 1-way anal-

able I Attributes of unsatisfactory shoulder arthroplasties by initial d

Attribute
All shoulders,

N (%)
Primary,

n (%)

otals 282 93 (33)
omponent malalignment 189 (67) 56 (60)
tiffness 184 (65) 57 (61)
omponent malposition 184 (65) 57 (61)
lenoid loosening 94 (33) 54 (58)

olyethylene wear 84 (30) 48 (52)
lenoid erosion 79 (28) 11 (12)
eterotopic bone 77 (27) 24 (26)

nstability 67 (24) 57 (61)
ubscapularis failure 55 (20) 16 (17)
otator cuff tear 54 (19) 13 (14)
uberosity nonunion 35 (12) 1 (1)
umeral loosening 31 (11) 9 (10)
uberosity malunion 31 (11) 1 (1)
nfection 31 (11) 15 (16)
eltoid dysfunction 28 (10) 5 (5)
eriprosthetic fracture 6 (2) 4 (4)
erve injury 3 (1) 1 (1)

JD, Degenerative joint disease; AVN, avascular necrosis; CA, capsulorrha

able II Attributes of unsatisfactory arthroplasties by index procedure

Attribute TSA, n (%) To

otal 136 (48) 80 (
omponent problem
Malalignment 87 (64) 59 (
Malposition 87 (64) 58 (
lenoid loosening 85 (63)
tiffness 79 (58) 59 (
olyethylene wear 79 (58)
eterotopic bone 37 (27) 13 (

nstability 36 (27) 16 (
ubscapularis failure 28 (21) 15 (
umeral loosening 17 (13) 4 (

nfection 16 (12) 6 (
otator cuff tear 15 (11) 19 (
eltoid dysfunction 5 (4) 13 (
uberosity nonunion 4 (3) 2 (
eriprosthetic fracture 4 (3) 0 (
uberosity malunion 2 (2) 3 (
erve injury 0 (0) 2 (
lenoid erosion 51 (

SA, Total shoulder arthroplasty; fx, fracture.
sis of variance or 2-sample t tests assuming unequal vari- e
nces. The nonparametric Mann-Whitney test and Kruskal-
allis test were used instead of the t test or analysis of

ariance, respectively, when the data suggested that the
easures being compared were not normally distributed.
qualities of proportions of events in 2 or more groups were
ested using the �2 test or the Fisher exact test. Multiple
ogistic regressions were used to compare proportions of

sis

Fracture,
n (%)

AVN,
n (%)

Posttrauma DJD,
n (%)

CA,
n (%)

39 (14) 25 (9) 29 (10) 30 (11)
27 (69) 15 (60) 21 (72) 17 (57)
32 (82) 20 (80) 23 (79) 15 (50)
26 (67) 17 (68) 21 (72) 22 (73)
1 (3) 4 (16) 11 (38) 2 (17)
1 (3) 3 (12) 9 (31) 5 (17)

17 (44) 13 (52) 9 (31) 8 (27)
16 (41) 2 (8) 9 (31) 8 (27)
4 (10) 3 (12) 5 (17.2) 9 (30)
6 (15) 5 (20) 5 (17) 7 (23)

14 (36) 4 (16) 5 (17) 2 (7)
16 (41) 0 (0) 3 (10) 0 (0)
5 (13) 0 (0) 5 (17) 4 (13)

20 (51) 1 (4) 4 (14) 0 (0)
4 (10) 1 (4) 3 (10) 3 (10)
4 (10) 2 (8) 3 (10) 4 (13)
1 (3) 0 (0) 0 (0) 0 (0)
1 (3) 0 (0) 1 (3) 0 (0)

rthropathy.

Hemiarthroplasty

For fx, n (%) For nonunion, n (%)

37 (13) 17 (6)

25 (68) 12 (71)
24 (65) 8 (47)

30 (81) 11 (65)

15 (41) 8 (47)
3 (8) 9 (53)
6 (16) 3 (18)
5 (14) 2 (12)
4 (11) 5 (30)

13 (35) 4 (24)
4 (11) 3 (18)

15 (41) 11 (65)
1 (3) 1 (6)

19 (51) 6 (35)
1 (3) 0 (0)

17 (46) 5 (29)
iagno
tal

28)

74)
73)

74)

16)
20)
19)
5)
8)
24)
16)
3)
0)
4)
3)
64)
vents involving 2 or more groups when adjustments for
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ther covariates were required. Odds ratios, with their 95%
onfidence intervals, and Wald test values of P are reported
or the logistic regression models. Statistical significance
as defined as P � .05. Data were analyzed using Stata
.0 statistical software (StataCorp, College Station, TX).

ESULTS
emographic data

We initially enrolled 309 patients with 353 unsat-
sfactory shoulder arthroplasties, including 161 total
houlder replacements, 181 hemiarthroplasties, 3 bi-
olar prostheses, 4 constrained prostheses, 1 cuff

ear arthropathy head, 1 tumor prosthesis, and 1
esurfacing-type of prosthesis. Of these, 282 records
ere complete and were included in the final analy-

is. There was a slight male predominance. The pre-
ominant diagnosis was primary degenerative joint
isease. The mean time from index arthroplasty or

atest revision to presentation was 48.7 months
range, 0-336 months); 103 of the 353 shoulders
resented within the first year after surgery. The basic
emographic data for the initial and final analysis
roups are listed in Table III.

houlder function

At presentation, the patients indicated that their
houlders could perform an average of 2.6 of the 12

able III Demographic data

Characteristic*
All shoulders,

n (%)

Patients with
complete

data, n (%)

otals 353 282
ge, years � SD 63 � 13.1 63 � 12.9
en 195 (55) 155 (55)
omen 158 (45) 127 (45)

eft shoulder 155 (44) 124 (44)
ight shoulder 197 (56) 158 (56)
ominant extremity (%) 188 (53) 155 (55)
rimary osteoarthritis 114 (32) 93 (33)
econdary arthritis 30 (9) 24 (9)
steonecrosis/AVN 31 (9) 25 (9)

heumatoid arthritis 20 (6) 16 (6)
uff tear arthropathy 20 (6) 12 (4)
apsulorrhaphy arthropathy 34 (10) 30 (11)
osttraumatic arthropathy 33 (9) 29 (10)
racture 52 (15) 39 (14)
racture nonunion 19 (5) 17 (6)
ostseptic arthropathy 3 (0.9) 1 (0.4)
eoplasia 1 (0.3) 0

revious surgeries 253 —
revious revisions 156 —

VN, Avascular necrosis; SD, standard deviation.
Values are number (percentage) unless otherwise indicated.
unctions of the SST. The worst shoulder function was 1
ound in women and in shoulders that had a hemiar-
hroplasty, previous revision arthroplasty, and with
nitial diagnoses such as fracture nonunion, cuff
ear arthropathy, rheumatoid arthritis, and fracture
Table IV). Nonarthroplasty surgery before the index
rthroplasty did not seem to affect initial SST scores
or did the patient’s age at presentation.

Shoulder function at presentation was also affected
y the general health status of the patient (P �
0001). Patients who were considered healthy had
he highest function and were able to perform 3.9 of
2 functions. Those with poor health and very poor
ealth were only able to perform 1.9 and 2.7 func-
ions, respectively.

resenting complaints

The most common presenting complaints were
ain and stiffness. At the initial evaluation, 241 of
82 shoulders were painful and 121 were stiff. Other
resenting complaints included weakness in 82 shoul-
ers, instability in 48, and crepitus in 17. Fewer
atients presented with complications such as fracture
3 shoulders) and infection (14 shoulders). A total of

able IV Factors influencing Simple Shoulder Test score

Factor Mean � SD

All patients 2.6 � 2.5
Gender*

Male 3.2 � 2.5
Female 1.9 � 1.9

Implant†
Hemiarthroplasties 2.1 � 2.0
TSA 3.1 � 2.5

Previous surgery
Yes 2.6 � 2.4
No 2.6 � 2.3

Prior revision‡

Yes 2.3 � 2.0
No 3.0 � 2.5

Diagnosis§

Primary DJD 3.3 � 2.7
Secondary DJD 2.8 � 2.5

Fracture 1.8 � 1.8
Nonunion 1.5 � 1.5
Capsulorrhaphy 2.7 � 2.4

Cuff tear arthropathy 1.6 � 1.7
Rheumatoid arthritis 1.6 � 1.2
Avascular necrosis 2.8 � 2.1
Posttraumatic arthritis 2.6 � 2.3

D, Standard deviation; TSA, Total shoulder arthroplasty; DJD, degenerative
oint disease.
P � .0001 (t test with unequal variance).
P � .0001 (t test with unequal variance).
P � .05 (t test with unequal variance).
P � .01 (Kruskal-Wallis test with �2).
44 presented with more than 1 chief complaint.
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bjective factors associated with unsatisfactory
rthroplasties

The attributes of unsatisfactory arthroplasties are
ummarized by index diagnosis in Table I and by
rocedure performed in Table II. Stiffness was the
ost prevalent finding in 184 of the 282 shoulders.
houlders treated for an acute fracture of the proximal
umerus were stiff significantly more often than those
reated for other diagnoses and with other types of
rthroplasties (P � .009). No difference was found in

he number of stiff shoulders between men and
omen or younger and older patients.
Weakness (grade 4 or less) was a common find-

ng, occurring in 155 shoulders. Rotator cuff tears
ere documented intraoperatively in 54 shoulders.
ailure of the subscapularis repair was documented
ntraoperatively in 55, and 26 of these occurred
mong the 99 shoulders that had undergone a prior
evision arthroplasty (P � .035). No difference was
een in the rate of subscapularis failure when patients
ere evaluated by gender, diagnosis, and type of
rthroplasty. Additional findings included instability

n 67 shoulders, deltoid dysfunction in 28, infection in
1, fracture in 3, and peripheral nerve or brachial
lexus injury in 3.

echnical factors

Humeral component malposition (184 shoulders)
nd glenohumeral malalignment (189 shoulders)
ere the most common technical problems seen. Pa-

ients treated for secondary degenerative joint dis-
ase and cuff tear arthropathy were noted to have the
ighest percentage of humeral component malposi-
ion, whereas patients treated for posttraumatic de-
enerative joint disease had the highest percentage
f glenohumeral malalignment. Problems with hu-
eral component positioning also tended to be
igher in patients treated with a hemiarthroplasty
ompared with a total shoulder arthroplasty. Superior
lacement of the humeral component in relation to the
reater tuberosity was the most common problem with
umeral component positioning.

Glenoid failure was a common feature of both
emiarthroplasties and total shoulder arthroplasties.
lenoid component loosening was noted in 85 of
36 total shoulder arthroplasties; of these, 72 were

dentified radiographically, and the remaining 13
ere found to be loose at the time of revision surgery.
urgical technique, instability, rotator cuff tears, and
eavy use have all been implicated in glenoid com-
onent loosening, but our study did not reveal the
elative importance of the different factors in these
ases of glenoid loosening. However, the data pub-
ished by Lazarus et al17 indicate that proper seating
nd cementing of the glenoid component is techni-

ally difficult. Humeral component malposition and u
lenohumeral malalignment was noted in more than
alf of the patients with glenoid loosening, but this
elationship was not found to be statistically signifi-
ant.

Glenoid erosion was noted in 51 of the 80 hemi-
rthroplasties performed for degenerative conditions,
ut was less commonly seen in patients treated for an
cute proximal humeral fracture (17/37) or proximal
umeral nonunion (5/17). Erosion of the superior
ortion of the glenoid was the most common. The
resence of glenoid erosion among all hemiarthro-
lasties was significantly related to humeral compo-
ent malposition (P � .0001) and glenohumeral mal-
lignment (P � .0001).

uberosity failure

Tuberosity failure, including nonunion and mal-
nion, occurred in 50 of the 282 shoulders, 35 of
hich had evidence of tuberosity nonunion and 31
ad evidence of tuberosity malunion. The highest
ercentage of tuberosity nonunions occurred in pa-

ients treated for nonunion of a proximal humeral
racture (11/17 shoulders). Conversely, tuberosity
alunion was most common in shoulders treated for
n acute proximal humeral fracture (20/39). Overall,

uberosity failure was significantly higher in shoulders
reated for a nonunion of a proximal humerus fracture
P � .0001) than those treated for an acute fracture or
osttraumatic arthritis. Shoulders treated for a frac-

ure nonunion were at 20 times greater risk for tuber-
sity failure than those treated for other diagnoses
95% CI, 6.2-64.7). The relationship between tuber-
sity failure and humeral loosening was also found to
e significant (P � .001). Tuberosity failure was more
ommon in women than in men; however, after con-
rolling for diagnosis using logistic regression analy-
is, this difference was not found to be significant.

ulture data

One of the most interesting findings in our study
as that 31 of the shoulders had evidence of infec-

ion. These included shoulders with active septic ar-
hritis, persistent wound drainage, or erythema, and
houlders with positive intraoperative cultures. Posi-
ive intraoperative cultures were found in 23 shoul-
ers at the time of revision surgery: 20 were monomi-
robial and 3 were polymicrobial. The most common
rganisms identified were coagulase-negative staph-
lococcus in 9 patients, followed by Propionibacte-
ium acnes in 4 and Staphylococcus aureus in 3.
ighteen of the 23 positive cultures occurred in men.

ISCUSSION

Previous studies have shown that patients with an

nsatisfactory shoulder arthroplasty have substantial
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eficits in shoulder function.12 Our data confirm the
evere functional limitation of an unsatisfactory arthro-
lasty: the typical patient could perform only 2 to 3 of

he 12 SST functions. This is in marked contrast to the
functions typically performable by patients after

emiarthroplasty or total shoulder arthroplasty for
steoarthritis.8,10,25 Diagnosis, gender, previous ar-

hroplasty revision, type of arthroplasty, and general
ealth status all affected the patient’s functional status
t presentation.

Problems with humeral component positioning and
lignment were prominent among unsatisfactory arthro-
lasties. Neer recognized component position as a
otential cause for failure of a shoulder arthroplasty22,23;
owever, few subsequent studies have specifically
ooked at the impact of component positioning and its
elationship to arthroplasty failure. A high position of
he humeral component relative to the greater tuber-
sity was the most common problem with humeral
omponent positioning. Recent studies have also
tressed the need for anatomic reconstruction the
roximal humeral geometry at the time of shoulder
rthroplasty.27 In conventional shoulder arthroplasty,

he goal of surgery is a near-anatomic reconstruction.
Problems with component alignment and instability

ave been well documented.6,23,25,34,38,39 Prior
tudies have shown that glenohumeral instability is
ne of the most common complications of shoulder
rthroplasty.6,25,38,39 Glenohumeral malalignment
as the most common technical problem in our series.
ommonly, the humeral head center was superior to

he glenoid center. Despite previous reports noting the
ssociation between superior humeral migration after

otal shoulder arthroplasty and glenoid loosening, we
id not find a significant relationship between the

wo.1,7,9,39 However, a significant relationship was
oted between glenohumeral malalignment and ero-
ion of the glenoid.

Glenoid loosening has been associated with de-
lining patient satisfaction and increasing shoulder
ain in long-term studies.3 It is also cited as the most
ommon prosthesis-related cause for revision surgery,
ith rates of 0% to 12.5%.3,4,29,38 Our study indi-
ates that glenoid component loosening, which was
resent in 63% of the unsatisfactory total shoulder
rthroplasties, remains a problem in total shoulder
rthroplasty.

Glenoid erosion is a recognized sequela of proxi-
al humerus replacement, especially in young active

ndividuals.26,34,35 The incidence of radiographic
lenoid wear has been estimated up to 100% in
oung patients.26 Symptomatic glenoid erosion has
een associated with unsatisfactory results and the
eed for conversion to total shoulder arthroplasty in
ome studies.18,26,33 The data from our study support
he idea that glenoid erosion is a prominent feature

mong unsatisfactory shoulder arthroplasties. It is
lso in agreement with previous studies that have
oted a relationship between glenoid erosion and
umeral component malposition.5

Tuberosity malunion and nonunion after treatment
or an acute proximal humerus fracture have been
ssociated with worse functional results.3,21,28 In our
eries, tuberosity failure was a prevalent finding
mong unsatisfactory shoulder arthroplasties per-
ormed for fracture or trauma-related conditions.

hat was particularly surprising was the high rate of
uberosity failure among shoulders treated with pros-
heses for a nonunion of a proximal humerus fracture.
atients with a proximal humerus nonunion were at
0 times greater risk for tuberosity failure than all
ther diagnoses. In addition, tuberosity failure was
ound to be significantly associated with humeral
omponent loosening.

The frequency of positive cultures and the number
f cultures that grew P acnes are interesting findings
n this study. During the last 5 years, more attention
as focused on Propionibacterium as a potential in-
ecting organism in the shoulder32,36,37,40 In our se-
ies, P acnes was the second most common organism
solated after coagulase-negative staphylococcus.
he index of suspicion of identifying P acnes should
e elevated when evaluating possible infections after
houlder arthroplasty. A recent report questioned
hether aseptic loosening was truly aseptic.24 The
uthors pointed out that some cases of failed ortho-
edic implants were considered aseptic loosening
ased on the absence of clinical signs of infection, but

he failure may actually have had infectious etiology
ven though no bacteria were isolated.

The results of our study should be interpreted in
ight of certain limitations:

● The data were derived from only one practice
and, as such, may not be generalizable to all
practices.

● Only 80% of the cases had complete data.
Many of the shoulders lost to follow-up were
enrolled early in the study, and medical records
had been destroyed by the time of our review.

● No attempt was made to correlate our data with
objective findings such as range of motion and
strength.

● The population from which these cases were
drawn is unknown, so that the rate of unsatisfac-
tory arthroplasty and the prevalence of specific
findings cannot be calculated.

● The observation that a given attribute was
present in an unsatisfactory shoulder arthro-
plasty did not establish that this attribute contrib-
uted to the arthroplasty being unsatisfactory.
Other attributes, such as socioeconomic factors,

may have played an important role.
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ONCLUSION

Despite these limitations, the following conclusions
re supported by this study. Patients dissatisfied with

heir shoulder arthroplasty report very poor shoulder
unction. They commonly present with pain and stiff-
ess rather than with surgical complications. Techni-
al problems, such as component placement and
xation, are prominent features among unsatisfactory
rthroplasties. Glenoid failure remains a problem for
oth total shoulder and hemiarthroplasties. Tuberosity
ailure is common among unsatisfactory arthroplasties
erformed for fracture, especially those treated for a
roximal humeral fracture nonunion. Positive cultures
re relatively common among unsatisfactory arthro-
lasties with high rates of infection with P acnes.

In each case, we were able to identify at least 1
actor that may have contributed to the failure. The
ata in Table IV indicate that the average patient with
failed total shoulder arthroplasty had 4.3 such

actors, the average patient with a failed hemiarthro-
lasty had 4.0, the average patient with a hemiar-

hroplasty for fracture had 4.9, and the average
atient with a hemiarthroplasty for nonunion had 5.3
actors.

This study illustrates the need for both surgeons and
atients to be aware of the potential for an unsatis-
actory result after shoulder arthroplasty. Our data
uggest that shoulder arthroplasty surgeons, whether
igh-volume or occasional, need to understand the
mportance of a surgical technique that includes ana-
omic and secure positioning of the implants along
ith precise soft-tissue balancing to minimize the risk
f stiffness and instability. Tuberosity fixation must be
ptimized for healing in facture-related cases. Sur-
eons need to exercise vigilance for the possibility of

ow-grade infection, especially in revision of previous
urgery. Implant designers need to focus on better
ethods for glenoid component fixation.
Although much of the published literature has fo-

used on the complications of shoulder arthroplasty
erformed in major centers, this study clearly demon-
trates that failure of a shoulder arthroplasty in the
eneral population often occurs from factors such as
tiffness rather than from surgical complications. Thus,
good result appears to require attention not only to
voiding complications but also to optimizing patient
election, component positioning, soft-tissue balance,
nd rehabilitation.

Failures can be a complex combination of multiple
actors, including patient selection, patient expecta-
ion, patient motivation, technical factors, and post-
perative care. Expanded and continued documenta-

ion of the shoulder arthroplasty failure experience
SAFE) will be important to improving the results of this

rocedure in the future.20,22
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