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Clinical Outcomes after Reverse Total Shoulder
Arthroplasty According to Primary Diagnosis
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Background: To compare the clinical outcomes of reverse total shoulder arthroplasty (RTSA) according to the primary diagnosis.
Methods: In 98 shoulders (97 patients), RTSA was performed for cuff tear arthropathy (45), massive rotator cuff tear without gle-
nohumeral arthritis (31), posttraumatic arthritis (9), primary osteoarthritis (6), rheumatoid arthritis (4), and arthritis due to infection
sequelae (3). The average age of the patients at surgery was 68.9 years (range, 4684 years). The mean follow-up duration was
48.4 months (range, 24—85 months).

Results: In the overall series, the mean subjective pain score (visual analog scale) during motion decreased from 5.2 preopera-
tively to 1.8 at 2 years of follow-up. There were significant improvements in active forward flexion (preoperatively 51.5° to 121.8°
at 2 years of follow-up). The average Constant score improved from 35.4 points to 57.8 points and UCLA score improved from 13.4
points to 28.8 points. The Constant score and UCLA score were 60.8 and 31.0 points, respectively, in patients with rheumatoid ar-
thritis. The Constant score and UCLA score were 58.4 and 29.1 points, respectively, in patients with cuff tear disease and 55.7 and
27.7 points, respectively, in patients with posttraumatic arthritis. Patients” subjective satisfaction was 86.8 points in the overall se-
ries; highest in the patients with arthritis by infection sequelae (96.7 points) and lowest in the patients with posttraumatic arthritis
(82.2 points). In terms of complications, there were 17 cases (17.3%) of scapular notching and 2 patients with suprascapular nerve
irritation symptom, but no patients with permanent neuropathy.

Conclusions: The range of forward flexion and abduction motion, pain relief, and functionality were improved after RTSA in not
only patients with cuff tear disease but also those with other arthritic diseases. There was no difference in the clinical outcomes
of RTSA between patients with cuff tear disease and those with other arthritic diseases.
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Reverse total shoulder arthroplasty (RTSA) was originally
developed to address the complex problems of cuff tear
arthropathy.” Many studies have reported successful re-
sults after RTSA for cuff tear arthropathy.>” Al-Hadithy
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et al.”’ reported that the mean Constant score improved
from 34.2 to 71.0 points with a mean follow-up of 5 years.
Moreover, Favard et al.” described a 10-year survival rate
of 89% after RTSA in 484 shoulders with cuff tear arthrop-
athy in a multicenter study that included revision surgery.
On the basis of these excellent outcomes of RTSA
in patients with cuff tear arthropathy, the indications for
this treatment method have been widened as implants are
improved and surgeons gain more experience, and RTSA
has been used for treatment and revision of other diseases
and fractures.” Recently, the indications for RTSA have
been expanded to include young, higher demand patients
with shoulder problems.” Holcomb et al.” described the
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successful use of RTSA in the treatment of rheumatoid
arthritis. However, Boileau et al.” reported poorer clini-
cal outcomes and higher complication and revision rates
than those reported for cuff tear arthropathy when RTSA
was performed in patients with posttraumatic arthritis or
failure of a revision arthroplasty, and Wall et al.” reported
that patients with posttraumatic arthritis and those un-
dergoing revision arthroplasty had less improvement and
higher complication rates than patients with other etiolo-
gies when RTSA outcomes were compared across various
etiologies including primary osteoarthritis, posttraumatic
arthritis, tumor, acute fracture, and rheumatoid arthritis.
Kilic et al.” compared the use of standard total shoulder
arthroplasty and RTSA for posttraumatic arthritis and
showed that RTSA led to an improvement in postoperative
results.

Although RTSA has been attempted for the treat-
ment of various shoulder problems, most of the reports
still involved patients with cuff tear arthropathy. Moreover,
long-term follow-up data are lacking, and there are only a
few reports for other conditions. In particular, few studies
have compared the outcomes of patients who have under-
gone RTSA for arthritis due to primary cuff tear disease
with those of patients with arthritis due to other lesions.”
For this reason, in contrast with patients with cuff tear
arthropathy or a massive rotator cuff tear, it is difficult to
determine the outcomes of RTSA for patients with other
arthritic disease.

The purpose of this study was to compare the clinical
outcomes after RTSA according to the primary diagnosis.
We hypothesized that there would be little difference in the
outcomes of RTSA between patients with cuff tear disease
and those with other arthritic diseases and also that the
clinical outcomes of RTSA for patients with posttraumatic
arthritis or arthritis due to infection sequelae would be
poorer than those for patients with cuff tear disease.

METHODS

This study is retrospective in nature and was approved by
the Institutional Review Board of Kyung Hee University
Hospital (IRB No. KMC IRB 1542-07). The requirement
of informed consent was exempted.

Patient Selection

A series of RTSA procedures performed by a single senior
surgeon (YGR) at Kyung Hee University Hospital from
January 2008 to June 2013 were reviewed retrospectively.
The prosthesis used was the Aequalis system (Tornier,
Montbonnot-Saint-Martin, France) implanted through a

deltopectoral approach. During this period, consecutive
cases that were followed up for at least 24 months were
analyzed. Four cases were excluded due to short follow-
up duration. Finally, 98 prostheses were implanted in 97
patients, with 1 patient receiving bilateral implants. The
average age of the patients at surgery was 68.9 years (range,
46-84 years). Sixty-seven procedures were performed in
female patients and 31 were performed in male patients.
Seventy-two prostheses were placed in the right shoulder
and 26 were placed in the left shoulder. The dominant
shoulder was involved in 77 cases, and the nondominant
shoulder was involved in 21 cases.

There were 45 shoulders (44 patients) with cuff tear
arthropathy and 31 shoulders with a massive rotator cuff
tear without glenohumeral arthritis (Fig. 1). Moreover,
there were 9 shoulders with posttraumatic arthritis (Fig. 2),
6 with primary osteoarthritis, 4 with rheumatoid arthritis
(Fig. 3), and 3 with arthritis from infection sequelae with a
massive rotator cuff tear. Patients with cuff tear arthropa-
thy or a massive rotator cuff tear without glenohumeral
arthritis were designated as the cuff tear disease group,
whereas patients with other etiologies were categorized as
the other arthritic disease group. Patients who were classi-
fied as having posttraumatic arthritis included those who
had glenohumeral arthritis and a history of a fracture or
dislocation of the humerus.

Preoperative and Postoperative Evaluations

All patients underwent preoperative evaluations at 1 day
before the surgery. Postoperative evaluations were per-
formed regularly on an outpatient basis, and the results of
the 2-year follow-up were analyzed. The preoperative and
postoperative subjective pain scores were measured using
the visual analog scale (VAS), with 0 indicating no pain
and 10 indicating extremely severe pain. For the shoulder
range of motion (ROM), forward flexion, external rotation
at the side, internal rotation to the back, and abduction
were assessed before and after the operation. The Constant
score'” and the Shoulder Rating Scale of the University of
California at Los Angeles (UCLA)" were used for clinical
assessment. Muscle strength was quantified with a porta-
ble, handheld Nottingham Mecmesin Myometer (Mecme-
sin Co., Nottingham, UK). The elevation and abduction
strength were tested with the patient in the seated position
with the arm flexed to 90° in the scapular plane. External
and internal rotations were tested with the shoulder in the
neutral position and the elbow in 90° flexion. At the 2-year
follow-up, the patients were asked to evaluate their subjec-
tive satisfaction with the treatment on a 100-point scale,
with 100 indicating full satisfaction.
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Radiographs including anteroposterior views of
the glenohumeral joint in neutral rotation, internal rota-
tion, and external rotation, as well as axillary views were
evaluated for all cases preoperatively, postoperatively, and
at each follow-up visit. The radiographs were assessed for
evidence of radiolucency and loosening. The presence of
radiolucency was noted under the base plate and around
the screw and peg. Loosening of the implant was consid-
ered to be present when either the base plate or the stem of
the humerus was displaced. Scapular notching, which is a
defect of the bone in the inferior part of the glenoid com-
ponent, was classified according to Sirveaux’s grading.”

Statistical Analysis

Analysis of variance was used to compare the functional
scores, ROMs, and muscle strength in the various etiologic
groups. Independent ¢-test, chi-square test, and Mann-
Whitney U-test were used to compare the clinical and
radiological outcomes. Significance was set at a level of 0.05
with associated 95% confidence intervals. For multiple
comparison statistical analysis, corrected p-values by Bon-
ferroni correction were used. RTSA was done bilaterally in
1 patient, and each replacement procedure was considered
a separate case. The IBM SPSS ver. 20.0 (IBM Corp., Ar-
monk, NY, USA) was used for all statistical analyses.

Table 1. Preoperative and Postoperative Clinical Outcomes

RESULTS

Overall Clinical Outcomes

The mean subjective pain score (VAS) during motion de-
creased from 5.2 (range, 0-10) preoperatively to 1.8 (range,
0-5) at the time of the 2-year follow-up (p < 0.001). There
were significant improvements in active forward flexion
(51.5° preoperatively to 121.8° at the 2-year follow-up).
However, there were no differences in external rotation at
the side (37.9° preoperatively to 35.5° at the 2-year follow-
up) and internal rotation motion (L2.8 preoperatively to
L3.4 at the 2-year follow-up). The average Constant score
improved from 35.4 points (range, 14-56 points) before
surgery to 57.8 points (range, 38-83 points) at the 2-year
follow-up. The average UCLA score improved from 13.4
points (range, 4-22 points) preoperatively to 28.8 points
(range, 20-35 points) at the 2-year follow-up. Muscle
strength improved significantly after RTSA in forward
flexion, external rotation, internal rotation, and abduction.
The patients’ mean subjective satisfaction score was 86.8
points (range, 60-100 points), and 84 shoulders (85.7%)
had a satisfaction score of 80 points (Table 1).

Variable Preoperative
VAS 52+22
Constant score 354+8.1
UCLA score 134+39
ROM (°)
Active FF 51.5+234
ER at the side 37.9+£105
IRp [28+29
Abduction 96.9+18.1
Muscle strength (Ib)
Active FF 21£12
ER at the side 31+16
IR 4020
Abduction 2214

2-Year follow-up p-value
18+15 <0.001*
57.8+88 <0.001*
28.8+38 <0.001*
1218278 <0.001*
355+105 0.116
134213 0.062
108.6 + 16.6 <0.001*
5528 <0.001*
57+27 <0.001*
6.1+2.7 <0.001*
50+3.1 <0.001*

Values are presented as mean + standard deviation.

VAS: visual analog scale, UCLA: University of California at Los Angeles, ROM: range of motion, FF: forward flexion, ER: external rotation, IRp: internal

rotation to the back, IR: internal rotation.
*Statistically significant.
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Comparison of Results between Patients with Cuff Tear
Arthropathy and Those with Massive Rotator Cuff Tear
Only

The mean VAS score during motion was 1.6 (range, 0-4)
in patients with cuff tear arthropathy and 2.0 (range, 0-5)
in patients with massive rotator cuff tear only at the 2-year
follow-up. There was no significant difference in pain at
the 2-year follow-up (p = 0.596). Concerning the mean
ROM at the 2-year follow-up, there were no differences
in active forward flexion, external rotation at the side, in-
ternal rotation, and abduction. Moreover, there were no
differences in the average Constant score and the average
UCLA score between patients with cuff tear arthropathy
and those with massive rotator cuff tear only at the 2-year
follow-up. Muscle strength and the patients’ subjective
satisfaction showed no difference in patients with cuff tear
arthropathy and those with massive rotator cuff tear only
at the 2-year follow-up.

Clinical Outcomes According to the Primary Diagnosis
Table 2 shows the clinical outcomes according to the
primary diagnosis at the 2-year follow-up. At the 2-year
follow-up, patients who underwent RTSA for arthritis due
to infection sequelae and rheumatoid arthritis showed the
best outcomes for pain relief, whereas patients who under-
went RTSA for primary osteoarthritis and posttraumatic
arthritis showed inferior outcomes for pain relief. Patients
who underwent RTSA for rheumatoid arthritis showed
more favorable functional outcomes than did patients with
cuff tear disease, whereas patients with primary osteoar-
thritis, posttraumatic arthritis, and arthritis due to infec-
tion sequelae showed outcomes inferior to those of pa-
tients with cuff tear disease. However, these results did not

reach statistical significance. Subjective satisfaction was
the highest for patients who underwent RTSA for arthritis
due to infection sequelae (96.7 points) and was the lowest
for patients who underwent RTSA for posttraumatic ar-
thritis (82.2 points).

Based on the above results, patients who underwent
RTSA for rheumatoid arthritis showed superior clinical
outcomes in pain relief, functionality, and patient satisfac-
tion than patients with cuff tear disease, whereas patients
with posttraumatic arthritis or primary osteoarthritis
showed inferior clinical outcomes. However, statistical sig-
nificance was not achieved owing to the small sample size.

Comparison of Results between Patients with Cuff Tear
Disease and Those with Other Arthritic Diseases

The mean VAS during motion was 1.8 (range, 0-5) in pa-
tients with cuff tear disease and 1.9 (range, 0-5) in those
with other arthritic diseases at the 2-year follow-up. There
was no significant difference in pain score at the 2-year
follow-up (p = 1.000). There were no differences in the av-
erage Constant score (58.4 points vs. 52.0 points, p = 0.702)
and UCLA score (29.1 points vs. 27.0 points, p = 0.540).
Concerning the mean ROM at the 2-year follow-up, there
were no differences in active forward flexion (121.8° vs.
115.5°), external rotation at the side (35.5° vs. 35.5°),
internal rotation to the back (L3.6 vs. L3.6), and abduc-
tion (108.8° vs. 108.2°). The muscle strength and patients’
subjective satisfaction (87.0 points vs. 86.4 points) showed
no difference between patients with cuff tear disease and
those with other arthritic diseases (Table 3).

Complications
In the overall series, there were 17 cases (17.3%) of scapu-

Table 2. Clinical Outcomes According to Primary Diagnosis at the 2-Year Follow-up

Variable No. VAS

CTA 45 1614
Massive RCT 31 20+16
PTA 9 24+19
Primary OA 6 25+£10
RA 4 08+1.0
Infection 3 07+12
Overall 98 18+15

Constant UCLA Satisfaction
57.4+7.7 29235 88.2+10.3
59.9+95 29.0+4.0 852+118
55.7£10.9 27749 822+139
523+9.4 26537 85.0£5.5

60.8 +3.1 31.0£20 90.0 £14.1
537+92 27.7+49 96.7+5.8

57.8+88 288+3.8 86.8+11.1

Values are presented as mean + standard deviation.

VAS: visual analog scale, Constant: Constant score, UCLA: University of California at Los Angeles, Satisfaction: patients’ subjective satisfaction, CTA:
cuff tear arthropathy, Massive RCT: irreparable massive rotator cuff tear without glenohumeral arthritis, PTA: posttraumatic arthritis, OA: osteoarthritis,

RA: rheumatoid arthritis, Infection: arthritis due to infection sequelae.
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Table 3. Comparison between Cuff Tear Disease and Other Arthritic Diseases at the 2-Year Follow-up

Variable Cuff tear disease Other arthritic diseases p-value*
No. of cases 76 22
VAS 18+15 19+1.6 1.000
Constant score 58.4+9.3 52.0+10.2 0.702
UCLA score 29.1+£39 27.0+49 0.540
ROM (°)
Active FF 121.8+289 115.5+31.8 1.000
ER at the side 355+£105 355+95 1.000
IRp [36+1.3 [36+16 1.000
Abduction 1088+ 17.6 108.2+13.0 1.000

Muscle strength (Ib)

Active FF 57+29 49+24 0.612
ER at the side 59+29 49+2.1 0.422
IRp 6.2+29 57+25 1.000
Abduction 52+32 43+25 0.514
Satisfaction 87.0+11.0 86.4+11.8 1.000

Values are presented as mean + standard deviation.

VAS: visual analog scale, UCLA: University of California at Los Angeles, ROM: range of motion, FF: forward flexion, ER: external rotation, IRp: internal
rotation to the back.

*Adjusted p-value of Bonferroni correction for multiple comparisons.

Fig. 2. Radiographs of a patient with posttraumatic arthritis. (A) Pre-
operative true anteroposterior view. (B) Two-year follow-up true anter-
oposterior view.

Fig. 1. Radiographs of a patient with cuff tear arthropathy. (A) Preoperative
true anteroposterior view. (B) Two-year follow-up true anteroposterior
view.

lar notching. According to Sirveaux’s grading,' there Although an acromion tip avulsion fracture occurred in
were 12 shoulders in grade 1, 4 shoulders in grade 2, and 1 patient who underwent RTSA for cuff tear arthropathy,
1 shoulder in grade 3. The 17 cases of scapular notching  pain disappeared after 6 weeks of conservative treatment
showed no difference in functional outcomes among the ~ and ROM also returned to pre-fracture levels. A nontrau-
total patients, with an average UCLA score of 28.2 points ~ matic acromial spine fracture occurred in the 7th post-
and Constant score of 59.4 points at the 2-year follow-up.  operative month in 1 patient who underwent RTSA for
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Fig. 3. Radiographs of a patient with rheumatoid arthritis. (A) Preoperative
true anteroposterior view. (B) Two-year follow-up true anteroposterior
view.

a massive rotator cuff tear; however, the patient showed
improved functionality at the 2-year follow-up (postopera-
tive 25 months) without additional surgery. There were
2 patients with suprascapular nerve irritation symptoms
such as pain radiating to the neck and arms and aggrava-
tion due to shoulder movement. In 2 patients, infraspina-
tus muscle atrophy was observed in patients with cuff tear
arthropathy; however, the symptom was relieved after a
steroid injection at the spinoglenoid notch. There was no
permanent nerve lesion. There was no dislocation in the
early postoperative period; however, 1 anterior dislocation
was observed in patients with cuff tear arthropathy after
excessive external rotation motion at postoperative 2 years.
Nevertheless, there was no need for additional surgery af-
ter the closed reduction.

DISCUSSION

Although various surgical treatments have been attempted
for cuff tear arthropathy, including simple debridement,"”
tuberoplasty,'¥ partial repair,” latissimus dorsi transfer,'”
and hemiarthroplasty or total shoulder arthroplasty,"”
these treatments have failed to achieve satisfactory func-
tional outcomes and ROM, and thus RTSA is used as an
alternative treatment method."*"” The indications for
RTSA have recently been expanded beyond cuff tear ar-
thropathy to include various shoulder problems such as
posttraumatic arthritis,” primary glenohumeral osteoar-
thritis,” rheumatoid arthritis,**" arthritis from infection
sequelae,” acute fracture, and revision arthroplasty,™ and
excellent outcomes have been reported. Moreover, RTSA
could be a treatment option not only in patients with
chronic locked anterior shoulder dislocation but also in

patients with malignant humeral tumor.”**”

Wall et al.” studied 186 patients who underwent
RTSA for various etiologies with an average follow-up of
39.9 months: Constant scores improved from 23 points
preoperatively to 60 points postoperatively and 173 pa-
tients (93%) were satisfied or highly satisfied with the sur-
gical outcome. In the current series, the patients showed
improvements of 22.4 points and 15.4 points in the Con-
stant and UCLA scores, respectively; a 70.3° improvement
in active forward flexion; and an 86% outcome satisfac-
tion, as indicated by a score of > 80 points. These clinical
outcomes are similar to or better than those in previous
reports on RTSA carried out for the treatment of rotator
cuff tear arthropathy.™®

Holcomb et al.” performed a prospective study for
an average of 3 years for 21 shoulders that underwent
RTSA for rheumatoid arthritis. In addition to improved
functionality and increased ROM for active forward flex-
ion from 52° to 126° and for abduction from 55° to 116°,
they also found an increase in ROM for external rotation
(19°-33°) and internal rotation to the back (S1-L4). Also,
in our study, patients who underwent RTSA for rheuma-
toid arthritis showed more favorable functional outcomes
and higher subjective satisfaction than did patients with
cuff tear disease. Although the results did not achieve sta-
tistical significance owing to the small number of cases,
based on our results and those of previous studies, RTSA
appears to be a good treatment method for patients with
rheumatoid arthritis accompanied by a massive rotator
cuff tear.

Willis et al.”’ and Martinez et al.* described the
use of RTSA in patients with malunion of the proximal
humerus and posttraumatic arthritis. They reported that
RTSA improved function and active forward flexion to
52° in patients with posttraumatic arthritis. Our study
also showed a Constant score increase of 24.5 points and
an increase of 71° in active forward flexion for posttrau-
matic arthritis patients. However, this represents a lesser
improvement than the outcomes for patients with other
etiologies. Our results demonstrated an average satisfac-
tion of 82.2 points in posttraumatic arthritis patients, sug-
gesting that RTSA is a surgical method that could be used
even in patients with posttraumatic arthritis accompanied
by a massive rotator cuff tear.

Frankle et al.”® investigated the short-term 2-year
follow-up outcomes in 60 patients with primary gleno-
humeral joint osteoarthritis with a rotator cuff tear and
reported an improvement in functional outcomes, VAS,
and ROM for forward flexion and abduction, as well as
satisfactory outcomes in 57 patients (95%), a complica-
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tion rate of 17%, and a surgery failure rate of 12%. Cuft et
al.”” described an increase in the functional score, forward
flexion, abduction, and external rotation motion, as well
as satisfaction in surgical outcomes for 94% of patients at a
short-term follow-up of 2 years in 96 cases of primary os-
teoarthritis accompanied by a rotator cuff tear. Although
the patients with primary osteoarthritis who were includ-
ed in our study showed an increase in the functional score,
forward flexion, abduction, and external rotation motion,
their 2-year mean Constant and UCLA scores were the
lowest among all etiologies. The Constant score in the
primary osteoarthritis patients was 52.3 + 9.4 at the 2-year
follow-up. However, all primary osteoarthritis patients
in this study showed a satisfaction score of > 80 points.
Therefore, RTSA can be thought to be an effective surgical
method for patients with primary osteoarthritis.

Cuff et al.” retrospectively reviewed 21 patients (22
shoulders) with arthritis due to deep infection and report-
ed improvements of forward flexion (43.1°-79.5°) motion
at a mean follow-up of 43 months after debridement and
RTSA. In our study, patients who underwent arthroplasty
for arthritis due to infection sequelae showed alleviation of
pain and improvement of forward flexion (46.7°-126.7°),
whereas the functional outcomes were similar to those of
patients with cuff tear disease; these patients had the high-
est subjective satisfaction. These results show that RTSA
could alleviate pain, increase ROM, and provide high sat-
isfaction for patients with joint destruction due to septic
arthritis or other infection sequelae.

Although this study involved 17 cases (17%) of
scapular notching, this condition was due to various
underlying diseases, and thus it was not possible to find
a correlation between the primary diagnosis and scapu-
lar notching. At the last follow-up in the 17 cases with

scapular notching, there was no difference in functional
outcome from the overall patient group, with an average
Constant score of 59.4 points and an average UCLA score
of 28.2 points, and these results were similar to those of
a previous study reporting no particular association be-
tween scapular notching and pain or clinical outcomes.”
But in this study, we were unable to find any association
between the occurrence of complications and the primary
diagnosis.

Our study has a few limitations. First, it has limita-
tions inherent to studies of a retrospective nature. How-
ever, we conducted a retrospective analysis of data from
prospectively collected patients. Second, the number of
other arthritic diseases (posttraumatic arthritis, primary
osteoarthritis, RA, and infection sequalae) was small. In
addition, the minimum follow-up duration of 24 months
is relatively short for investigating the results of arthroplas-
ty. A longer-term follow-up study is necessary to provide
an adequate assessment of the implant longevity in RTSA.
Nevertheless, this study is valuable because there are few
studies comparing the results of RSTA in arthritic diseases
other than cuff tear disease.

In addition to patients with cuff tear disease, those
with other arthritic diseases also showed significant im-
provements in the range of forward flexion and abduction
motion, pain relief, muscle strength, and functionality af-
ter RTSA. However, there was no difference in the clinical
outcomes of RTSA between patients with cuff tear disease
and those with other arthritic diseases.
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