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Abstract

Background 1In selected patients with a desire to maintain
activity levels greater than those recommended after reverse
total shoulder arthroplasty, hemiarthroplasty remains an
option for treatment of cuff tear arthropathy (CTA). How-
ever, given the relatively small case series that have been
reported to date, little is known regarding which patients will
show functional improvement after this surgery.
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Questions/purposes We asked: What factors are associ-
ated with achieving the minimum clinically important
difference in the simple shoulder test (SST) after hemi-
arthroplasty for cuff tear arthropathy?

Patients and Methods Between 1991 and 2007, two sur-
geons at one academic center performed 48 shoulder
hemiarthroplasties for CTA. No patients were known to
have died before data collection, and of those not known to
have died, 42 (88%) were available for followup at a mean
of 48 months (range, 24—132 months). During that time,
the general indications for this approach were gleno-
humeral arthritis with superior decentering of the humeral
head. The majority of the patients with CTA were treated
nonoperatively with patient-directed physical therapy and
other modalities. A total of 42 patients (42 shoulders; 24
males and 18 females) with CTA were treated with hemi-
arthroplasty and followed for a mean of 48 months (range,
24-132 months). This is a retrospective study that made
use of a longitudinally maintained database, which
included physical examination of ROM, the SST, VAS,
and standardized radiographs. At latest followup, 33 of 42
patients achieved a clinically important percentage of
maximum possible improvement (%MPI) in SST score,
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defined as an improvement of 30% of the total possible
improvement on the 12-point scale (with higher scores
representing better results).

Results Intraoperative findings of a rotator cuff tear lim-
ited to the supraspinatus and infraspinatus (odds ratio [OR],
03 95% CI, 2.01 to co; p = 0.020) and limited preopera-
tive external rotation (15° [range, —40° to 45°] vs 35°
[range, 20°—45°], OR, 0.71; 95% CI, 0.38-0.90; p < 0.001)
were associated with achieving the defined minimum
functional improvement (30% of MPI) on multivariate
analysis. Preoperative active elevation (p = 0.679) and use
of a CTA-specific implant (p = 0.707) were not signifi-
cantly associated with achievement of 30% of MPI.
Conclusion Patients with intact teres minor and sub-
scapularis tendons and patients with lower preoperative
external rotation had a better prognosis for achieving a
clinically important percentage of MPI at short-term fol-
lowup. Although some patients were followed for more
than 10 years, the majority were followed for fewer than
5 years; future studies will need to determine whether these
early functional results are maintained for longer periods.
Level of Evidence Level 111, therapeutic study.

Introduction

Reverse total shoulder arthroplasty (RTSA) has been
shown to provide good results for pain control and func-
tional outcome for cuff tear arthropathy (CTA), a condition
characterized by glenohumeral arthritis in the context of
rotator cuff insufficiency [5, 14, 19, 22]. Yet long-term
studies have shown declining functional outcome scores
with time, a high risk of complications, and a lower like-
lihood of satisfaction in young patients [2, 3, 13]. As an
alternative, hemiarthroplasty can be considered for patients
with painful CTA without instability and for whom con-
servative treatment has failed.

Published series of hemiarthroplasty for CTA have
shown mixed results regarding functional outcome, with
unpredictable forward elevation and moderate patient sat-
isfaction rates [1, 4, 7, 10, 18, 20, 24, 25]. Preoperative
forward elevation greater than 90° has been reported as a
positive prognostic indicator [7]. Aside from this, little is
known regarding how to predict which patients might
achieve satisfactory results. Prior studies generally have
used the limited goals criteria of Neer et al. [15] or post-
operative outcome scores alone without preoperative data,
rather than minimum clinically important improvement in a
functional outcome score. The Simple Shoulder Test (SST)
[11] is a patient-reported outcome score with shown
responsiveness and construct validity for shoulder arthritis
[17]. A clinically important percentage of maximum pos-
sible improvement (%MPI) has been defined as an

improvement of 30% of the total possible improvement on
the 12-point scale (with higher scores representing better
results) [6, 12].

Therefore, we asked: What factors are associated with
achieving a clinically important percentage of maximum
possible improvement in the SST after hemiarthroplasty for
CTA?

Patients and Methods

Between 1991 and 2007, two surgeons (MAW, CAR) at
one academic center performed 48 consecutive shoulder
hemiarthroplasties for CTA. No patients were known to
have died before data collection, and of those not known to
have died, 42 (88%) were available for followup at a mean
of 48 months (range, 24-132 months). The risks and
potential benefits of treatment were discussed interactively
and in detail with each patient. All patients gave written
and oral consent to treatment and for inclusion in an
institutional database. Study approval was granted for this
study by our institutional review board. This is a retro-
spective study that made use of a longitudinally maintained
database. A complete consecutive series was analyzed to
limit selection bias. Data collection was completed in 2011,
and subsequent data analysis and drafting of the manuscript
began in 2013.

During the study period, the general indication for this
approach was CTA (defined as superior translation on plain
radiographs of the humeral head with respect to the gle-
noid, loss of articular surface of the humeral head, bone
loss of the superior glenoid, and erosion of the greater
tuberosity and undersurface of the acromion). This gener-
ally corresponds to Grades 3, 4, and 5 of the Hamada
classification [9]. Exclusion criteria included glenohumeral
arthritis with reparable cuff tears in shoulders without the
radiographic findings noted above, instability of the
shoulder with attempted forward elevation (anterosuperior
escape), active infection, and inflammatory arthritis. The
majority of patients with CTA treated during this time were
managed nonoperatively with patient-directed physical
therapy, antiinflammatory medications, moist heat, and
activity modification; the number of patients treated with-
out surgery was not recorded. Patients were selected for
surgical treatment if they experienced severe limitations in
quality of life owing to pain and loss of function after a
trial of nonoperative management.

From this cohort, 42 of 48 patients (88%) were available
for followup at a mean of 4 years (range, 2—-11 years)
(Fig. 1). All of these patients had preoperative SST scores,
measurements for external rotation and active elevation,
and postoperative SST scores at a minimum of 2 years.
Preoperative radiographs were available for all but one
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Fig. 1 The flowchart shows
patient inclusion and loss to
followup for our study.

Total Number of Patients: 48
Included in Longitudinal Database: 48
July 1991 to January 2007

Excluded Lost to Followup at Less Than
24 months: 6

Included in Analysis: 42

patient. There were 24 males and 18 females. Their mean
age at the time of surgery was 68 years (range, 46—
84 years). Complete tearing of the supraspinatus and
infraspinatus was present in 16 shoulders; three-tendon
tears (complete tears of the supraspinatus and infraspinatus
with partial tearing of the subscapularis or teres minor)
were present in 24 shoulders; and four tendon tears
(complete tears of the supraspinatus and infraspinatus with
partial tearing of the subscapularis and teres minor) were
present in two shoulders.

Twenty-one shoulders were treated with a conventional
humeral head replacement (Global®; DePuy Orthopaedics,
Warsaw, IN, USA) and 21 were treated with a CTA-specific
head (Global™ CTA head; DePuy Orthopaedics) during the
time specified above. Prior procedures in the CTA group
included 17 rotator cuff repairs in 16 patients, two distal
clavicle excisions, one pectoralis major transfer, two rotator
cuff débridements, and one subacromial decompression. The
conventional hemiarthroplasty head tended to be used earlier
in the series, while the CTA head was used more commonly
after it became available between 2001 and 2007. All oper-
ations were performed by the senior authors (MAW, CAR).

Operative Technique

Surgical technique was performed as described previously
[21]. A beach-chair position was used for all patients. A
deltopectoral approach was used with careful attention to
preservation of the deltoid. Degenerative, retracted rotator
cuff tissue was débrided. The articular surface of the
humeral head was resected in 20° to 30° retroversion. The
humeral shaft was prepared and a conventional stem was
placed in anatomic position. A head size equal to the
resected head was selected, using either a CTA-specific
prosthesis or a conventional prosthesis at the surgeon’s
discretion. The glenoid was contoured with a burr or
reamer if gross incongruency was noted. Additional cap-
sular contractures were released in an effort to optimize
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motion and soft tissue balancing. The soft tissue balancing
was thought to be ideal when the following criteria were
achieved: (1) posterior drawer testing with 40% to 60%
translation of the center of the prosthetic head relative to
the center of the glenoid, (2) 60° internal rotation was
present with the arm positioned in 90° abduction, (3) the
hand on the involved side could be placed on the superior
aspect of the contralateral shoulder without protraction of
the scapula, and (4) there was 45° external rotation with the
subscapularis approximated to the proximal humeral
osteotomy site.

Postoperative Protocol

A physician-directed postoperative rehabilitation program,
as described by Wirth et al. [23], was used for all patients
regardless of subscapularis presence. On the afternoon of
the day of surgery, the physician performed passive for-
ward flexion of the arm up to 90° or as far as was
comfortable, for each patient. On the first postoperative
day, the patient performed passive forward flexion with a
pulley attached to an overhead frame, passive external
rotation with a meter stick, and pendulum exercises. Each
exercise involved five repetitions and was performed three
to four times a day, seven days a week. The patients were
encouraged to use the arm for gentle activities of daily
living and they usually were discharged on the second
postoperative day. Passive ROM exercises were continued
until forward flexion of 120° to 140° had been obtained, at
which point strengthening exercises were added.

Radiographic Analysis

Preoperative radiographs were evaluated with an axillary
view and a true AP view perpendicular to the plane of the
scapula with the humerus externally rotated 30°. The
acromiohumeral interval was measured on true AP views
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as the shortest distance between the cortical undersurface
of the acromion and the most proximal articular cortex of
the humeral head [8]. Medial glenoid erosion and gleno-
humeral subluxation were measured according to the
method of Rispoli et al. [16]. Glenoid erosion was classi-
fied as mild (subchondral plate erosion, depth <5 mm),
moderate (5—-10 mm erosion), or severe (erosion medial to
the lateral aspect of the coracoid base; typically > 10 mm).
Anterior subluxation was classified as mild (< 25% trans-
lation of the humeral head relative to the center of the
glenoid), moderate (25%—-50% translation of the humeral
head), or severe (> 50% translation). Finally, shoulders
were classified as Type 1A (centered, stable), 1B (centered,
medialized), IIA (decentered limited stable), or I1IB (de-
centered unstable) according to the Seebauer method
described by Visotsky et al. [21].

Outcome Variable

Patients were divided in two groups based on whether
30% of MPI in the SST score was reached. The clin-
ically important change in the SST score was calculated
using the method of Gilmer et al. [6], in which the
clinically important difference is a percentage of pos-
sible improvement rather than a predefined numeric
value. As in previous studies, the %MPI required for a
clinically important difference was established at 30%
of the difference between the preoperative SST score
and the maximum achievable SST score [6, 12]. There
were nine patients who achieved less than 30% of MPI
as thus defined, and 33 patients who achieved or
exceeded this.

Statistical Methods

Univariate analysis was performed to determine factors
associated with achieving the defined 30% of MPI. Factors
included demographics (age, sex, history of prior surgery),
preoperative clinical (active external rotation, active ele-
vation, SST score, VAS pain score) and radiographic
(acromiohumeral interval, glenoid erosion, anterior

subluxation, Seebauer classification) factors, surgery
characteristics (year of surgery, implant type), and intra-
operative assessment of rotator cuff tears.

Factors reaching a probability of 0.2 or lower on mul-
tivariate analysis were considered potentially important
and included in subsequent multivariate analysis. A nom-
inal logistic regression was performed with the binary
response variable of whether 30% MPI had been achieved.
The fit of the model was evaluated by calculating area
under the receiver operating curve (AUC). Individual fac-
tors reaching below the threshold of a probability of 0.05
on multivariate analysis were considered significant.

Results

From our multivariate model, achieving 30% of maximum
possible improvement in the SST was associated with
decreased preoperative external rotation ((median, 15° [range,
—40° t0 45°] vs 35° [20°-45°]; odds ratio [OR], 0.71; 95% CI,
0.38-0.90; p < 0.001) and having only supraspinatus and
infraspinatus tears (OR, c0; 95% CI, 2.01 to oo; p = 0.020),
but preoperative SST score (p = 0.068) and preoperative
VAS score (p = 0.611) were not associated with achieving
30% MPI (Table 1). Based on univariate analysis for
achievement of 30% of maximum possible improvement, age,
sex, year of surgery, implant type (CTA-specific versus con-
ventional hemiarthroplasty), followup length, preoperative
active elevation, history of previous surgery, and all radio-
graphic parameters did not meet the defined level of
significance for inclusion in multivariate analysis (Table 2).
Therefore, only preoperative active elevation, preoperative
SST score, preoperative VAS pain score and presence of only
atwo-tendon rotator cuff tear (supraspinatus and infraspinatus
only) were included in multivariate nominal logistic regres-
sion. The model for multivariate analysis showed an AUC of
0.976, indicating an excellent fit.

Discussion

Shoulder hemiarthroplasty has been shown to improve
functional outcomes in patients with CTA, but results are

Table 1. Multivariate analysis for achievement of 30% maximum possible improvement

Parameter

30% MPI achieved (n = 33) 30% MPI not achieved (n = 9)

Odds ratio 95% CI p Value

Preoperative active external rotation 15° (—40° to 45°)

Preoperative SST 2 (0-9)
Preoperative VAS 70 (10-100)
Tear limited to supraspinatus + infraspinatus n = 16 (48%)

35° (20°-45°) 0.71 (0.38-0.90) < 0.001
5 (0-9) 0.56 (0.17-1.04)  0.068
50 (15-75) 1.02 (0.95-1.11)  0.611
n =0 (0%) ©o* 2.01 to c0)  0.020

MPI = maximum possible improvement; SST = Simple Shoulder Test; *odds ratio is infinite owing to presence of zero value.
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Table 2. Univariate analysis for achievement of 30% of maximum possible improvement

Parameter 30% MPI 30% MPI p Value
achieved not achieved
(n = 33) mn=9)
Age (years) 69 (46-82) 69 (46-84) 0.926
Sex 14F 19 M 4F,5M 0.914
(42% female) (44% female)
Year of surgery 2001 (1991-2007) 2001 (1992-2003) 0.772
Implant type 16 CTA-specific 5 CTA-specific 0.707
17 conventional 4 conventional
Followup length (years) 3 (2-10) 5Q2-7) 0.863
Preoperative active external rotation 15° (—40° to 45°) 35° (20°-45°) < 0.001
Preoperative active elevation 80° (0°-150°) 85° (0°-135°) 0.679
Preoperative SST score 2(0t09) 50 to9) 0.009
Preoperative VAS pain score 70 (10 to 100) 50 (15 to 75) 0.093
History of previous surgery 17 of 32 (53%) 6 of 9 (67%) 0.465
Rotator cuff tears 16 SSP + ISP only 0 SST + ISP only 0.002
(48%) (0%)
17 SST + ISP + 9 SST + ISP
SSC and/or TM + SSC and/or TM
(52%) (100%)
Preoperative radiographic parameters n =32 n=9
Acromiohumeral interval 0 mm (0-5 mm) 0 mm (0-5 mm) 0.649
Glenoid erosion 29 mild 8 mild 0.704
2 moderate 1 moderate
1 severe
Anterior subluxation 31 mild 8 mild 0.370
1 moderate 1 moderate
Seebauer classification 31 1A, 11B 2 1B, 6 1IA, 1 1IB 0.305

Data are reported as median (range); MPI = maximum possible improvement; CTA-specific = cuff tear arthropathy-specific hemiarthroplasty
prosthesis; conventional = conventional hemiarthroplasty; SST = Simple Shoulder Test; SSP = supraspinatus; ISP = infraspinatus;

SSC = subscapularis; TM = teres minor.

inconsistent. Factors that may predict a better or worse
outcome are largely unknown. This study was performed to
assess which prognostic factors would result in achieve-
ment of clinically important functional improvement in
patients with CTA. Patients with more limited active
external rotation and patients with rotator cuff deficiency
limited to the supraspinatus and infraspinatus were the
most likely to achieve 30% of the maximum possible
improvement in SST score.

The inferences that may be drawn from the current study
are subject to limitations. This study is small and,
accordingly, susceptible to no-difference findings from
insufficient power. Factors that were not identified as sta-
tistically significant may prove important in future, larger
studies. Followup is short term and many patients have not
been seen in several years, therefore the conclusions of this
study are limited to a minimum of 2 years followup. These
results may not hold up for patients followed for the longer
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term. The study does not include results for patients with
CTA who were treated nonoperatively, which made up the
majority of patients treated during the study period. These
outcomes are generalizable only to patients for whom
nonoperative treatment failed and who underwent surgery.
Data analysis was not performed immediately after com-
pleting data collection; accordingly, the results do not
represent the longest possible followup and they are gen-
eralizable only to the short term. The results are taken from
a regional-based shoulder practice at an academic, high-
volume institution, therefore, they may be applicable only
to similar practice types and may not apply to lower-vol-
ume institutions or institutions that primarily treat patients
with a lower level of complexity. Patients were not ran-
domized to different treatment groups between the two
implant types that were used through the study. As the
study period progressed, patients were more likely to be
treated with the CTA-specific hemiarthroplasty implant
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compared with the conventional hemiarthroplasty implant.
This resulted in a shorter length of followup, as this pros-
thesis was introduced later, and represents an important
potential source of bias. The finding that length of followup
did not significantly correlate with achievement of 30%
MPI reduces the likelihood that this affected our results.

Clinically important improvement in functional scores
was more likely in patients with decreased preoperative
active external rotation and rotator cuff tears limited to the
supraspinatus and infraspinatus. One of the largest prior
series of hemiarthroplasties in patients with CTA included
34 patients with a mean clinical followup of 3.7 years
(range, 2-12 years) [7]. Potential prognostic factors
including age, prior surgery, gender, preoperative forward
elevation, and completeness of rotator cuff repair (“com-
plete humeral head coverage”) were evaluated for
correlation with postoperative outcome measures. Only
preoperative forward elevation of 90° or greater was found
to correlate with a higher mean postoperative American
Shoulder and Elbow Surgeons score and a higher likelihood
of achieving limited goals criteria. That study did not
include preoperative self-assessed outcome measures, so it
is not known whether a clinically important difference was
achieved at latest followup. In contrast, we did not find
greater preoperative forward elevation to be associated with
improved likelihood of achieving a clinically important
improvement in self-assessed outcome. It is possible that
our exclusion of patients with frank instability and
anterosuperior escape on attempted forward flexion was
responsible for this difference. Urita et al. [20] reported on
the results of surgical treatment of CTA with hemiarthro-
plasty and partial subscapularis transfer to the
posterosuperior humeral head in 30 patients at 24 to
60 months followup. These patients achieved superior
improvement in forward flexion (mean, 136°) compared
with our study patients (mean, 113°) although the status of
the rotator cuff was not reported. Long-term study is nee-
ded to determine whether these results remain durable with
time. Comparisons between hemiarthroplasty and RTSA
for patients with CTA have been reported in other studies
[1, 10, 24]; generally superior results were obtained for
RTSA although few prognostic factors were discussed.
Young et al. [24] performed a case-matched registry study
comparing 6-month results for hemiarthroplasty and RTSA.
Although patients who underwent RTSA showed higher
Oxford shoulder scores at 6 months, this difference was
nonsignificant among patients 65 years old and younger.
High-quality, large comparative studies between RTSA and
hemiarthroplasty with adequate power for subgroup anal-
yses are needed to determine which patient, surgeon, and
procedural factors are important considerations.

In our small series, most patients experienced clinically
important improvement in function after hemiarthroplasty

at short term. Although a few of these patients were fol-
lowed for more than 10 years, the majority were followed
for fewer than 5 years; future studies will need to deter-
mine whether these early functional results are maintained
during longer periods.
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