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Patients’ Satisfaction after Reverse Total Shoulder Arthroplasty Is
Affected by Preoperative Functional Status
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Background: The purpose of this study is to evaluate the functional outcomes of reverse total shoulder arthroplasty (RTSA) and to assess
factors affecting the patients’ subjective satisfaction after RTSA.

Methods: Forty-three patients (mean age, 75.0 = 5.2 years) who underwent RTSA for cuff tear arthropathy or irreparable cuff tears with
preoperative magnetic resonance imaging and pre- and postoperative radiographs at 1 year, and whose various functional outcomes in-
cluding pain visual analogue scale (VAS), simple shoulder test, Constant score, American Shoulder and Elbow Surgeons score, and active
range of motion were evaluated preoperatively and at the last follow-up (>12 months) were enrolled. The outcome parameter was set
as a satisfaction scale. Various clinical and radiographic factors were analyzed, and their correlations with postoperative satisfaction were
evaluated.

Results: All functional scores, VAS pain score, and active forward flexion showed significant improvement after surgery (all p<0.001).
Twenty-nine patients were satisfied with the results and 14 were dissatisfied. The presence of pseudoparalysis (p=0.028) and worse
preoperative function (all p<0.05) were related with higher satisfaction. Any radiologic parameters did not affect patients’ postoperative
satisfaction.

Conclusions: All patients showed a good functional outcome after RTSA, however the patients’ subjective postoperative satisfaction was

affected by preoperative functional status (higher satisfaction in poor preoperative function), not by radiological findings.

(Clin Shoulder Elbow 2016;19(3):119-124)

Key Words: Reverse total shoulder arthroplasty; Satisfaction; Preoperative function

Introduction

Reverse total shoulder arthroplasty (RTSA) is a treatment op-
tion for patients with irreparable massive rotator cuff tears and
cuff tear arthropathy.” The modern RTSA is based on the design
described by Grammont and Baulot,” in which the center of
joint rotation is moved medially and distally to maximize the
lever arm and tension of the deltoid as well as the recruited
portion of the deltoid for compensation of the dysfunctional
rotator cuff, thus permitting elevation of the arm above shoulder
height.”

The RTSA was developed to improve and modify implant
design to reduce complications and enhance function, and
recent clinical studies have reported promising results after
RTSA.*¥ In addition, efforts have been made to investigate the
factors that affect surgical outcomes, and several factors includ-
ing age,” obesity,” fatty infiltration (FI) of the teres minor,” scapu-
lar notching,” and lengthening of the lever arm” have been sug-
gested as prognostic factors for clinical outcomes. However, no
study has focused on the subjective satisfaction after surgery.

Thus, the aim of this study was to evaluate the functional
outcomes of RTSA, and the correlation of various clinical and
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radiographic factors including preoperative function with post-
operative satisfaction in patients who underwent RTSA for cuff
tear arthropathy or irreparable massive rotator cuff tears. We hy-
pothesized that the functional outcome of RTSA would be good,
and the subjective satisfaction after RTSA might be affected by
preoperative function.

Methods

Demographic Data

The study protocol was approved by the Institutional Review
Board of Konkuk University Medical Center. Forty-nine consecu-
tive patients who underwent RTSA for cuff tear arthropathy or
irreparable cuff tears between March 2009 and December 2012
at the author’s institution were evaluated. Six patients were lost
to follow-up; the remaining 43 patients with a complete follow-
up (cuff tear arthropathy=30, irreparable cuff tear=13) were
included in the analysis. Patients with massive rotator cuff tears,
who had persistent severe pain, difficulty in performance of
daily functions with a consistent reduction of shoulder motion
in physical examinations, and were not responding to conserva-
tive treatment such as medications, physical therapy, and steroid
injection, were considered candidates for RTSA.

The patients underwent preoperative magnetic resonance
imaging (MRI) and pre- and postoperative anteroposterior (AP)
and axial plain radiographs in a neutral position at 1 year, and
were evaluated with satisfaction at least 1 year after surgery
as well as functional outcome scores such as visual analogue
scale (VAS) for pain, simple shoulder test (SST), Constant score,
American Shoulder and Elbow Surgeons (ASES) score, and active
range of motion (ROM) preoperatively and at least 1 year post-
operatively. All patients had massive rotator cuff tears and those
with Hamada criteria grade' 4 or 5 were considered to have
cuff tear arthropathy. Among the 43 patients, 4 patients were
Hamada criteria grade 1, 6 were grade 2, 3 were grade 3, 13
were grade 4a, 10 were grade 4b, and 7 were grade 5 massive
rotator cuff tears. Exclusion criteria included revision procedures
for prior failed arthroplasty or proximal humerus open reduction
and internal fixation or deep space infection, acute proximal
humerus fracture or fracture dislocation, inflammatory arthropa-
thies, and less than 1 year of follow-up. None of the patients
had undergone previous rotator cuff surgery. The patient group
included 14 men (32.6%) and 29 women (67.4%) with a mean
age of 75.0 = 5.2 years (range, 64-86) at the time of surgery
and a mean follow-up period of 19.3 * 7.1 months (range, 12—
36). The dominant shoulder was affected in 36 patients (83.7%)
and the non-dominant shoulder in 7 patients (16.3%).

Evaluation of Factors Associated with the Surgical
Outcomes
Information on factors that can affect RTSA outcomes, includ-
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ing age, sex, symptom duration, etiology, side of involvement,
bone mineral density, body mass index, concomitant medical
disease, shoulder usage level, subscapularis integrity, pseudopa-
ralysis, and various radiological parameters of FI of each rotator
cuff muscle, Hamada criteria grade,'” postoperative scapular
notching,"” acromion-deltoid tuberosity distance,'” and center
of rotation (COR) distance'” was evaluated (Table 1).

A high level of shoulder usage was defined as participating
in manual labor or enjoying dynamic sports (e.g., tennis, table
tennis, and badminton), medium level as work with less activity
or enjoying static sports (e.g., golf, yoga, and running), and low

Table 1. Clinical and Radiographic Data

Variable Value
Age (yr) 75.0 = 5.2 (64-86)
Gender (male/female) 14/29

Symptom duration (mo) 47.3 £70.2 (1-300)

Etiology (CTA/irreparable massive tear) 30/13
Side of involvement (dominant/non-dominant) 36/7
Body mass index (kg/mz) 24.73 + 3.07 (18.73-32.53)
Diabetes (yes/no) 11/32
Hypertension or any heart disease (yes/no) 20/23
Shoulder usage level (high/medium/low) 12/12/19
Subscapularis integrity 27/14
(intact or partial tear/complete tear)
Pseudoparalysis (yes/no) 36/7
Fatty infiltration of the supraspinatus* 3.0+1.0
Fatty infiltration of the infraspinatus 28+12
Fatty infiltration of the subscapularis 22+12
Fatty infiltration of the teres minor 1.7+13
Massive tear grade by Hamada classification 4/6/3/13/10/7
(G1/G2/G3/G4a/G4b/G5)'
Postoperative notching (yes/no)" 25/18
Notching grade by Sirveaux classification 18/13/9/3/0

(G0/G1/G2/G3/G4)
Preoperative acromion-DT distance (mm) 136.66 + 13.00

Postoperative acromion-DT distance (mm) 163.24 + 14.62

Increase of the acromion-DT distance (mm) 26.81 +11.77
Preoperative COR distance (mm) 19.72 + 6.80
Postoperative COR distance (mm) 39.81 +6.78
Increase of the COR distance (mm) 20.08 + 5.80

Values are presented as mean + standard deviation (range), number only, or
mean + standard deviation only.

CTA: cuff tear arthropathy, DT: deltoid tuberosity, COR: center of rotation.
*Fatty infiltration was graded according to the criteria by Goutallier et al."”
"Massive rotator cuff tear was graded according to the criteria by Hamada et al."”
*Scapular notching was graded according to the criteria by Sirveaux et al."”
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level as retired or rarely participating sports." Pseudoparalysis
was defined as active shoulder elevation <90° in the pres-
ence of full passive forward elevation.” FI of each rotator cuff
muscle (supraspinatus, infraspinatus, and subscapularis) was
evaluated using MRI (3-T scanner Signa® HDxt MRI scanner/
Discovery® MR750w system; General Electric, Milwaukee, WI,
USA), according to the criteria established by Goutallier et al."”
and modified by Fuchs et al.,'” at the most lateral section of the
oblique sagittal image, at the point where the scapular spine was
still in continuity with the body of the scapula forming a Y-shape.
Radiographic evaluations were performed using standard AP
radiographs with the arm in neutral rotation and 0° abduction,
and axial radiographs, at the final follow-up (>1 year) for scapu-
lar notching, postoperative increase in the acromion-deltoid
tuberosity distance, and COR medialization. Scapular notch-
ing was classified on AP radiographs according to the Nerot-
Sirveaux classification."” In this classification, a grade 1 defect is
contained within the inferior pillar, a grade 2 defect is erosion up
to the level of the inferior screw, a grade 3 defect extends over
the inferior screw, and a grade 4 defect extends to the baseplate.
The acromion-deltoid tuberosity distance was defined as the
distance between the inferolateral tip of the acromion and the
deltoid tuberosity on the standard AP radiographs with the arm
in neutral rotation and 0° abduction." In addition, the COR of
the glenohumeral joint was the center of the ‘best fit’ circle over-
lay on the articular surface of the humeral head, and the COR
distance was defined as the perpendicular distance from the
acromion-deltoid tuberosity line to the COR." The postopera-
tive increased or medialized length of each measurement was
calculated.

Surgical Procedures

All procedures were performed using a delto-pectoral ap-
proach with the patient in the beach-chair position. The pros-
theses implanted were Aequalis reverse shoulder system (Tornier,
Montbonnot, France) in 33 patients and Comprehensive reverse
shoulder system (Biomet, Warsaw, IN, USA) in 10 patients. The
subscapularis tendon, when present, was cut from the lesser
tuberosity, and was repaired later in a transosseous manner. The
long head of the biceps tendon was tenotomized at its origin
and sutured to the surrounding tissue later. The glenohumeral
joint was approached, and the labrum was removed completely
and glenoid was fully exposed. The prostheses were implanted
according to the instructions provided by the manufacturer of
the respective implant. The articular cartilage and sclerotic bone
of the glenoid were removed using a flat reamer, and the base-
plate was carefully positioned approximately 2-3 mm inferior
to the center of the glenoid with a 10” inferior tilt in order to re-
duce notching.'” In addition, humeral head osteotomy was per-
formed with a targeted retroversion of 0° to 20 after removing
all osteophytes from the humeral head-neck junction, and the

humeral implant was implanted with gentamicin-impregnated
cement in all cases. Before the final implantation, the soft tissue
tension, implant stability, and impingement-free shoulder mo-
tion was checked with a trial implant. No other concomitant
procedures such as bone grafting or latissimus dorsi transfer were
performed in any cases. One or two suction drains were inserted
before wound closure.

Postoperatively, all patients underwent the same rehabilita-
tion protocol. Immobilization was maintained with an abduction
sling for 4 weeks. Passive motion was initiated the day after sur-
gery, with limited external rotation allowed to protect the sub-
scapularis repair. Active-assisted ROM exercise was encouraged
after patients were weaned off the sling. Muscle strengthening
exercises were initiated at 9 to 12 weeks postoperatively.

Outcome Assessment

Various functional outcomes and satisfaction were evalu-
ated in all patients. The functional outcome evaluation was
performed using the VAS for pain, ASES score, Constant score,
SST score, and active shoulder ROM pre- and postoperatively,
and the satisfaction scale postoperatively. On the VAS, pain was
scored on a scale of 010, with 10 indicating the highest level
of pain; the ASES score consisted of a score summation using a
100-point system (50 points for daily function and 50 points for
pain). Forward elevation was measured in degrees between the
arm and the thorax with the elbow held straight. External rota-
tion at the side was measured in degrees between the thorax
and forearm with the arm held in an adducted position and the
elbow in 90° flexion. Internal rotation of the shoulder was mea-
sured by the vertebral level reached in the back with the tip of
the thumb and numbered serially as 1 to 12 for the 1st to 12th
thoracic vertebra, 13 to 17 for the 1st to 5th lumbar vertebra,
and 18 for any level below the sacral region.

Table 2. Functional Outcomes after Reverse Total Shoulder Arthroplasty

Postoperative

Variable Preoperative 12 months p-value
Pain VAS 6.37 +2.31 2.74+2.04 <0.001
ASES score 37.17£17.18 71.67 1698  <0.001
Constant score 37.88+17.98  86.35+28.01 <0.001
SST score 2.88 £2.24 7.33 £2.61 <0.001
Forward elevation (°) 64.53 +34.81 130.35+28.08  <0.001
External rotation (°) 23.75+19.12 28.25+21.72 0.540
Internal rotation (vertebra) (°)* 13.15+ 3.27 13.40 +3.17 0.821

Values are presented as mean * standard deviation.

VAS: visual analogue scale, ASES: American Shoulder and Elbow Surgeons,
SST: simple shoulder test.

*The vertebral level of internal rotation was numbered serially as follows: 1-12
for the 1st to 12th thoracic vertebra, 13-17 for the 1st to 5th lumbar vertebra,
and 18 for any level below the sacral region.
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Table 3. Comparison between the Satisfied and Dissatisfied Groups

Variable Satisfied group (n=29)° Dissatisfied group (n=14)° p-value
Age (yr) 749 +4.5 754+ 6.4 0.770
Gender (male/female) 9/20 5/9 1.0
Symptom duration (mo) 55.1 +80.3 30.4+384 0.300
Etiology (CTA/IMT) 19/10 11/3 0.491
Side of involvement (D/ND) 25/4 11/3 0.665
Body mass index (kg/m’) 24.88 +2.84 2441 +3.58 0.644
Diabetes (yes/no) 8/21 3/11 1.0
Hypertension or any heart disease (yes/no) 14/15 6/8 1.0
Shoulder usage level (H/M/L) 7/10/12 5/2/7 0.535
Subscapularis integrity (intact or PT/CT) 19/10 10/4 1.0
Pseudoparalysis (yes/no)* 272 9/5 0.028
Fatty infiltration of the supraspinatus’ 30+1.1 3.0+1.0 1.0
Fatty infiltration of the infraspinatus’ 29+12 25+13 0.355
Fatty infiltration of the subscapularis' 23+12 20+12 0.528
Fatty infiltration of the teres minor' 1.8+1.3 14+13 0.381
Massive tear grade by Hamada classification (G1/G2/G3/G4a/G4b/G5) 4/4/2/6/7/5 0/2/1/7/3/2 0.411
Postoperative notching (yes/no) 15/14 10/4 0.179
Notching grade by Sirveaux classification (G0/G1/G2/G3/G4) 14/9/3/3/0 4/4/6/0/0 0.068
Preoperative acromion-DT distance (mm) 136.88 +12.83 136.14 + 13.92 0.873
Postoperative acromion-DT distance (mm) 163.98 + 15.24 161.46 + 13.45 0.622
Increase of the acromion-DT distance (mm) 27.84 +13.33 24.48 +7.08 0.312
Preoperative COR distance (mm) 19.66 + 6.82 19.82 +7.04 0.945
Postoperative COR distance (mm) 40.75 £ 6.61 37.86 + 6.95 0.193
Increase of the COR distance (mm) 21.16 £5.72 17.92 + 5.55 0.101
Preoperative pain VAS* 6.97 £2.24 5.14+2.03 0.014
Preoperative ASES score* 30.54 £13.47 53.11+ 12,83 0.003
Preoperative Constant score* 34.00 £17.74 47.07 £17.49 0.028
Preoperative SST score* 2.38 +1.60 3.93+3.00 0.032
Preoperative forward elevation (°)* 56.38 + 34.25 81.42 +30.53 0.025
Preoperative external rotation (°)* 18.93 £ 18.73 35.00 £+ 16.12 0.085
Preoperative internal rotation (vertebra) ) 13.57 + 3.50 12.17 £ 2.64 0.392
Postoperative pain VAS* 2.17 +1.87 3.92+1.89 0.006
Postoperative ASES score* 75.40 + 14.17 63.57 +£21.01 0.164
Postoperative Constant score* 80.31 + 14.46 64.14 £ 18.37 0.003
Postoperative SST score* 8.24 £2.09 5.42 £2.59 0.001
Postoperative forward elevation (°)* 138.79 + 26.24 112.85 +23.99 0.003
Postoperative external rotation (°)* 32.50 +22.51 18.33 +17.51 0.188
Postoperative internal rotation (vertebra)® 13.00 + 3.16 14.33 +£3.26 0.403

Values are presented as mean + standard deviation or number only.

CTA: cuff tear arthropathy, IMT: irreparable massive tear, D: dominant, ND: non-dominant, H: high level, M: middle level, L: low level, PT: partial tear, CT: com-
plete tear, DT: deltoid tuberosity, COR: center of rotation, VAS: visual analogue scale, ASES: American Shoulder and Elbow Surgeons, SST: simple shoulder test.
*Statistically significant. 'Fatty infiltration was graded according to the criteria by Goutallier et al.'” "The vertebral level of internal rotation was numbered serially
as follows: 1-12 for the st to 12th thoracic vertebra, 13-17 for the Ist to 5th lumbar vertebra, and 18 for any level below the sacral region. %Satisfied group includ-
ed those who responded with the choices ‘very satisfied” or ‘satisfied, and dissatisfied group included those who responded with ‘neither satisfied nor dissatisfied,
‘dissatisfied; or ‘very dissatisfied.
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Satisfaction was assessed by asking the patients to rate their
overall experience with the surgery as very satisfied, satisfied,
neither satisfied nor dissatisfied, dissatisfied, or very dissatisfied.
The outcome parameter was set as a satisfaction scale (very satis-
fied or satisfied vs. neither satisfied nor dissatisfied, dissatisfied,
or very dissatisfied)."” The patients who responded with the
choices ‘very satisfied’ or ‘satisfied” were classified as the satisfied
group, and those who responded with the choices ‘neither satis-
fied nor dissatisfied’, or ‘dissatisfied’, or ‘very dissatisfied” were
classified as the dissatisfied group.

Statistics

A paired t-test was used for comparison of the pre- and
postoperative results of pain using the VAS, ROM, and func-
tional scores. The mean values were compared using the Mann-
Whitney U test for continuous variables and v* test or Fisher’s
exact test for categorical variables to determine the differences
between the satisfied and dissatisfied groups. SPSS ver. 13.0
(SPSS Inc., Chicago, IL, USA) was used for statistical analyses and
p<0.05 indicated statistical significance.

Results

All functional scores, VAS pain score, and active forward flex-
ion improved significantly after surgery (all p<0.001) (Table 2).
Overall, 29 patients were satisfied with the results and 14 were
dissatisfied. In the postoperative satisfaction outcome parameter,
the presence of pseudoparalysis (p=0.028) and worse preop-
erative function with regard to pain VAS, ASES score, Constant
score, SST score, and forward flexion were related to higher
satisfaction (all p<0.05) (Table 3). Other radiological factors
including the grade of the massive cuff tear, FI of rotator cuffs,
postoperative scapular notching, increase of acromion-deltoid
tuberosity distance, and increase of the COR were not associ-
ated with the postoperative satisfaction (all p>0.05).

Twenty-five (58.1%) patients showed postoperative scapular
notching, with no influence on the functional outcome. One
patient had acromio-clavicular separation at 6 months postop-
eratively, and 1 had an acromial fracture at 3 months postopera-
tively. Other complications such as dislocation or infection did
not occur.

Discussion

The aim of this study was to comprehensively examine the
correlation of various clinical and radiographic factors including
preoperative function with postoperative satisfaction in patients
with RTSA, and demonstrated that the presence of pseudopa-
ralysis and worse preoperative function are prognostic factors
for patient satisfaction after RTSA. It is interesting to note that
subjective satisfaction was not affected by the reported demo-

graphic or radiographic factors such as age,” obesity,” FI of the
teres minor,” scapular notching,” and lengthening of the lever
arm,” rather by the preoperative functional status of the patients.
In this study, the worse preoperative condition of the patients, as
shown by the presence of preoperative pseudoparalysis, severe
pain, and poor functional disabilities, rather resulted in higher
satisfaction after RTSA. We do not know the exact reason why
patients who showed poor preoperative function were more sat-
isfied with the results; however we think that this is due in part
to the unique mechanism of RTSA, which restores the functional
deficit of the rotator cuff deficient shoulder. Patients who had
greater disability preoperatively due to limited shoulder motion
and weakness (worse preoperative functional status) appear to
be more satisfied with their restoration of active shoulder motion
and strength after surgery, even though the actual level of func-
tional outcome would not be very high. It might be reasonable
that a patient who initially could not easily perform daily activi-
ties such as washing face or changing clothes who is able to per-
form those activities more easily will have far greater satisfaction
than those whose initial function was relatively good. That is, we
think that the restoration of active shoulder ROM and strength
deficit by RTSA" therefore appears to be a major determinant of
patients” subjective satisfaction after RTSA.

To the best of our knowledge, this was the first study to evalu-
ate the relationship between various preoperative factors includ-
ing preoperative function and patients’ postoperative subjective
satisfaction. However, several limitations should be noted when
interpreting our findings. First, the number of patients was rela-
tively small, thus it is possible that the lack of statistical signifi-
cance in some factors may be due to the relatively small number
of cases. Further studies including more cases may be needed to
exclude the possibility of type 2 error and to confirm our results.
Second, the follow-up period was relatively short (mean, 19.3 +
7.1 months), thus the satisfaction and functional outcomes may
change further with a longer follow-up period. This study should
be interpreted as a result of early to mid-term follow-up. Third,
this was not a prospective cohort study. Even though most vari-
ables were gathered prospectively, we cannot deny the possibil-
ity of a selection bias and a confounding effect that we were not
aware of. In addition, the drop-out rate (6/49, 12.2%) may also
have caused selection bias. Therefore, a well-organized prospec-
tive cohort study might be needed to confirm our results.

Conclusion

All patients showed a good functional outcome after RTSA,
however the patients’ subjective postoperative satisfaction was
affected by preoperative functional status (higher satisfaction in
poor preoperative function), not by radiological findings, in a
given follow-up period. Further longer term follow-up may be
needed to confirm this result.
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