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Background: Shoulder surgery results in several months of rehabilitation, which is often under-
estimated by patients preoperatively. Currently, there is little written about this process of recovery.
Information on this would help patients to anticipate the trajectory of their recovery. This would also
provide a reference point allowing surgeons to compare a patient's progress in their recovery. The
purpose of our study was to analyze and document the expected rate of recovery for the most common
shoulder operations.
Methods: A retrospective analysis of all patients who underwent total shoulder arthroplasty (TSA),
reverse total shoulder arthroplasty (RTSA), arthroscopic rotator cuff repair (ARCR), and arthroscopic
biceps tenodesis (BT) using prospectively collected data from the Surgical Outcomes System registry was
performed. All patients included had a complete 2-year follow-up data set. The pain score (visual analog
scale) was measured preoperatively at 2, 6, and 12 weeks and 6, 12, and 24 months. The American
Shoulder and Elbow Surgeons (ASES) and Single Assessment Numeric Evaluation (SANE) score were
recorded preoperatively and after 6, 12, and 24 months. The speed of recovery, defined as the percentage
of total improvement, for each procedure was assessed as the primary outcome parameter at all time
points.
Results: All shoulder interventions resulted in significant improvement of the pain, SANE, and ASES
scores 2 years after shoulder surgery. The speed of recovery of all 3 scores was highest after TSA at all
measured time points and slowest after ARCR and BT. Measured by the pain score, 90% and 82% of the
total improvement after TSA and RTSA was completed after 6 weeks compared to 58% and 59% after
ARCR and BT, respectively. Six months postoperatively the ASES recovery rate was significantly higher
after arthroplasty (TSA 96% and RTSA 85%) compared to ARCR and BT (76% and 77%, respectively). The
SANE score recovery rate was between 82% and 92% (TSA 92%, RTSA 89%, ARCR 87%, BT 82%) 6 months
after surgery. After 1 year all patient groups reached 89% or more of the total improvement in all scores,
except for the pain after ARCR (89%).
Conclusion: The improvement in pain is fastest after TSA and slowest after ARCR and BT. After TSA and
RTSA, >80% of the total pain reduction is achieved 6 weeks postoperatively, whereas after ARCR and BT,
>80% of the pain reduction is achieved only 6 months postoperatively. At 12 months postoperatively, the
differences in recovery curves were not significant.

© 2021 The Authors. Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Patients often undergo surgery with no clear understanding of
the likelihood of a successful outcome and certainly little discus-
sion of the process of their recovery. Moreover, they often compare
s Human Research (protocol

partment of Orthopedic Sur-
MA 02114, USA.
fgrubhofer@mgh.harvard.edu

Inc. on behalf of American Shoulde
their expectations to those of friends whomay have had an entirely
different surgical procedure. Thus, they can neither have realistic
expectations nor anticipate important milestones that allow them
to plan return tomore normal functioning. Porter has presented the
concept of value for patients in 3 tiers, with the first being the
degree of recovery, the second the process of recovery, and the
third the durability of recovery.17 We believe that value can be
created for patients if they can have a better understanding of their
likely trajectory of recovery following a specific shoulder
procedure.
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Table I
Demographics of the included patients.

N (sex) Age (yr), SD

TSA group 84 (39 f, 45 m) 63 ± 10
RTSA group 56 (36 f, 20 m) 69 ± 7
ARCR group 40 (16 f, 24 m) 58 ± 8
BT group 129 (62 f, 67 m) 55 ± 11

SD, standard deviation; TSA, total shoulder arthroplasty; f, female; m, male; RTSA,
reverse total shoulder arthroplasty; ARCR, arthroscopic rotator cuff repair; BT, biceps
tenodesis (arthroscopic).
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While several prior studies have investigated the rehabilitation
courses after rotator cuff surgery,3,7,12,14,22 shoulder arthro-
plasty,4,13,20 and biceps tenodesis (BT),1 none have compared the
trajectory of recovery of the most common shoulder surgeries. The
purpose of this study was to analyze the process and trajectory of
recovery regarding pain, function, and patient satisfaction of
several of the most frequently performed shoulder operations. We
hypothesized that patients undergoing shoulder arthroplasty will
recovery more quickly than those undergoing arthroscopic soft-
tissue repair procedures.

Methods

After obtaining institutional review board approval, we per-
formed a retrospective review of all patients who answered all
Surgical Outcomes System Registry (Arthrex, Naples, FL, USA) data
questionnaires and had undergone reverse total shoulder arthro-
plasty (RTSA), total shoulder arthroplasty (TSA), arthroscopic ro-
tator cuff repair (ARCR), and arthroscopic BT between January 2013
and December 2017. This review was performed using prospec-
tively collected patient outcomes in our outcomes registry pro-
gram. Patients with incomplete data sets or who had complications
were excluded. The collected data consisted of the pain score
assessed with the visual analog scale,9 the American Shoulder and
Elbow Surgeons (ASES) score, patient self-assessment,15 and the
Single Assessment Numeric Evaluation (SANE) score.23 The pain
score was assessed preoperatively, after 2 and 6 weeks, and after 6,
12, and 24 months. The ASES score and the SANE score were
determined after 6, 12, and 24 months. The speed of recovery was
determined at each measurement time point as a percentage of the
final outcome over the 2-year time course. The assessed 2-year
score was considered to be the final outcome.

Surgical procedure

ARCR and BT were performed under general anesthesia with
interscalene block anesthesia in beach chair position. For the ro-
tator cuff repair we used standard techniques appropriate to the
tear configuration. All patients who had a rotator cuff repair un-
derwent a concomitant long head BT, except for those who had a
previous spontaneous rupture of the long head of the biceps
tendon. We performed the arthroscopic BT using a suprapectoral
technique. Postoperative management for the rotator cuff repair
patients was active and passive immobilization in an abduction
pillow for 4-6 weeks, depending on tear size. This was followed
with a standard protocol of active range of motion and stretching
until 12 weeks after which strengthening was begun. The post-
operative course after BT allowed patients to begin immediate
passive range of motion exercises but active motion was delayed
until 3 weeks post-procedure and strengthening until 8 weeks
postoperatively.

Total anatomic shoulder arthroplasty (TSA) and RTSA were
performed under general anesthesia with interscalene block
anesthesia in beach chair position. All procedures were performed
through a standard deltopectoral approach and the arm was
immobilized for 4 weeks, though passive range of motion
commenced after 1 week. Active motion and then strengthening
began at 4 and 8 weeks, respectively.

Statistics

Normal distribution of data was assessed with the Shapiro-Wilk
test. Descriptive data were calculated using mean and standard
deviation. Preoperative and postoperative scores were compared
with use of the paired t-test (for normal data) or the Wilcoxon
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signed-rank test (for non-normal data). Differences in scores be-
tween time periods and different procedures were compared with
one-way analysis of variance (ANOVA; parametric data) and
Kruskal-Wallis one-way ANOVA (nonparametric data). Significance
was set as P < .05 with use of Bonferroni (ANOVA) and Dunn-
Bonferroni (Kruskal-Wallis) adjustments and all P values were 2-
tailed.

Results

Patients

Of the 943 performed procedures (217 TSA, 183 RTSA, 149
ARCR, 394 BT), 309 patients met the inclusion criteria. Eighty-four
patients (39 females, 45 males, mean age 63 ± 10 years) were
treated with TSA, 56 patients (36 females, 20males, mean age 69 ±
7 years) were treated with RTSA, 40 patients (16 females, 24
males, mean age 58 ± 8 years) were treated with ARCR, 129 pa-
tients (62 females, 67 males, mean age 55 ± 11 years) were treated
with arthroscopic BT (Table I). Of the 634 excluded patients, 11
patients (1.2%) were excluded due to a complication and the
remaining 622 patients (65%) were excluded from the recovery
analysis as they had not completed the Surgical Outcomes System
data set at all time points.

Pain recovery

The mean preoperative pain was 5.3 ± 2.5 (RTSA), 5.9 ± 2.3
(TSA), 4.6 ± 2.4 (BT), and 4.2 ± 2.4 (ARCR). Two years after
shoulder surgery the pain was significantly reduced in all groups
(P < .001).

The total improvement was highest in the TSA group (4.9 ± 2.6)
followed by the RTSA group (4.2 ± 2.9), the BTgroup (3.3 ± 2.3), and
the ARCR group (2.9 ± 2.3). The improvement in pain was at all
measured time points highest in the TSA group (Table II and Fig. 1).
The recovery rate 2 weeks after TSA was significantly higher
compared to the ARCR group (40%, P ¼ .033%) and the BT group
(38%, P < .001). The pain recovery rate 2 weeks after RTSA of 68%
was significantly higher compared to the mean recovery rate of the
BT group (38%, P ¼ .046). The difference between the RTSA group
and the ARCR group was not statistically significant (68% vs. 40%,
P ¼ .604). After 6 weeks the pain recovery was at 90% in the TSA
group, which was significantly higher compared to ARCR (58%, P ¼
.017) and BT groups (57%, P < .001). The improvement rate of the
RTSA group (82%) was also significantly higher compared to the
ARCR group (58%, P ¼ .041) and the BT group (57%, P ¼ .031).

Twelve weeks after TSA the pain improvement rate was 99%,
significantly higher compared to the ARCR (73%, P < .001) and the
BT groups (78%, P ¼ .009). The improvement rate 12 weeks after
RTSA was 88%, which was not statistically different from the other
groups. After 6 months all groups showed a pain recovery rate
above 90% (TSA 98%, RTSA 97%, BT 94%, and ARCR 91%). At 1 year



Table II
Pain recovery values of the 4 different groups.

RTSA pain RTSA pain recovery TSA pain TSA pain recovery BT pain BT pain recovery ARCR pain ARCR pain recovery

Pretreatment 5.3 ± 2.5 0% 5.9 ± 2.3 0% 4.6 ± 2.4 0% 4.2 ± 2.4 0%
2 weeks 2.4 ± 1.9 68% 2.1 ± 1.5 77% 3.3 ± 2.2 38% 3.1 ± 2.1 40%
6 weeks 1.8 ± 1.9 82% 1.4 ± 1.8 90% 2.7 ± 2.0 57% 2.6 ± 2.1 58%
3 mo 1.6 ± 1.7 88% 1.0 ± 1.3 99% 2.0 ± 1.9 78% 2.1 ± 1.8 73%
6 mo 1.2 ± 1.6 97% 1.1 ± 1.8 98% 1.4 ± 1.6 94% 1.6 ± 1.9 91%
1 yr 1.3 ± 1.7 95% 0.8 ± 1.1 103% 1.2 ± 1.6 100% 1.3 ± 1.4 102%
2 yr 1.1 ± 1.9 100% 0.9 ± 1.8 100% 1.2 ± 1.7 100% 1.3 ± 1.8 100%
Total improvement 4.2 ± 2.9 (P<.001) 4.9 ± 2.6 (P<.001) 3.3 ± 2.3 (P<.001) 2.9 ± 2.3 (P<.001)

RTSA, reverse total shoulder arthroplasty; TSA, total shoulder arthroplasty; BT, biceps tenodesis (arthroscopic); ARCR, arthroscopic rotator cuff repair.

Figure 1 Graphical representation of the speed of pain recovery for a period of 2 years after shoulder surgery. RTSA, reverse total shoulder arthroplasty; TSA, total shoulder
arthroplasty; BT, biceps tenodesis; ARCR, arthroscopic rotator cuff repair.
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follow-up the pain recovery was at or above 100% in the TSA (103%),
BT (100%), and RTSA (102%) groups and 95% in the RTSA group. The
differences of the improvement rates after 6, 12, and 24 months
were not statistically different.

SANE recovery

The preoperative SANE scores showed no significant differences
between the 4 intervention groups (RTSA 29, TSA 34, BT 37, ARCR
34). All groups showed a significant improvement in their SANE
score 2 years after surgery (all P < .001). The highest SANE
improvement was observed in the TSA group (51 ± 27) followed by
the RTSA group (47 ± 30), the ARCR group (41 ± 24), and the BT
group (40 ± 28). The total score improvements were not statisti-
cally different between the groups. Six months after TSA the SANE
improvement rate was 92%, which was significantly higher
compared to the BT group (82%, P ¼ .049) followed by the ARCR
group (87%, not statistically significant) and the RTSA group (89%,
not statistically significant). After 1 year all groups reached an
improvement rate of over 93% (RTSA 93%, TSA 99%, BT 94%, and
ARCR 104%) (Table III and Fig. 2). The ARCR group showed higher
SANE scores at the 1 year follow-up (76 ± 22) compared to the 2
year follow-up (75 ± 2) even though the difference was not sig-
nificant (P ¼ .451).
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ASES recovery

The total improvement of the ASES score 2 years after shoul-
der surgery was significant in all 4 treatment groups (P < .001).
The highest ASES improvement was seen in the TSA group (48 ±
19) followed by the RTSA group (39 ± 22), the BT group (33 ± 20),
and the ARCR group (31 ± 18). The total ASES improvement was
higher in the TSA group (48 ± 19) than in the RTSA group (39 ±
22) the BT group (33 ± 20) and the ARCR group (31 ± 18). The
ASES recovery was fastest in the TSA group, which showed the
highest scores at all follow-ups compared to the other groups. Six
months after surgery the ASES recovery rate was 96% in the TSA
group, which was significantly higher compared to the RTSA
group (85%, P ¼ .049), the BT group (77%, P ¼ .001), and the ARCR
group (76%, P < .001). At 1 year the TSA group peaked above the
total recovery rate, whereas the ASES improvement of the BT
group (92%, P ¼ .009), the RTSA group (91%, P ¼ .001), and the
ARCR group (89%, P < .001) was still yet to reach the peak
(Table IV and Fig. 3).

Discussion

The purpose of this study was to analyze the recovery courses
regarding pain, shoulder function, and patient satisfaction of the



Table III
SANE recovery values of the 4 different groups.

RTSA SANE RTSA SANE
recovery rate (%)

TSA SANE TSA SANE
recovery rate (%)

BT SANE BT SANE
recovery rate (%)

ARCR SANE ARCR SANE
recovery rate (%)

Pretreatment 29 ± 19 0 34 ± 20 37 ± 20 34 ± 20
3 mo NA NA 54 ± 22 40 47 ± 22 33
6 mo 71 ± 19 89 81 ± 18 92 70 ± 22 82 69 ± 24 87
1 yr 73 ± 24 93 84 ± 19 99 75 ± 25 94 76 ± 22 104
2 yr 76 ± 25 100 85 ± 20 100 77 ± 22 100 75 ± 22 100
Total improvement 47 ± 30 51 ± 27 40 ± 28 41 ± 24

SANE, Single Assessment Numeric Evaluation; RTSA, reverse total shoulder arthroplasty; TSA, total shoulder arthroplasty; BT, biceps tenodesis (arthroscopic); ARCR, arthro-
scopic rotator cuff repair; NA, not applicable.

Figure 2 Graphical representation of the speed of SANE recovery for a period of 2 years after shoulder surgery. SANE, Single Assessment Numeric Evaluation; RTSA, reverse total
shoulder arthroplasty; TSA, total shoulder arthroplasty; BT, biceps tenodesis; ARCR, arthroscopic rotator cuff repair.

Table IV
ASES recovery.

RTSA ASES RTSA ASES rate
of recovery

TSA ASES TSA ASES rate
of recovery

BT ASES BT ASES rate
of recovery

ARCR ASES ARCR ASES rate
of recovery

Pretreatment 43 ± 15 40 ± 16 53 ± 17 55 ± 19
3 mo NA NA NA NA 66 ± 16 39% 65 ± 17 31%
6 mo 75 ± 14 85% 87 ± 15 96% 78 ± 17 77% 79 ± 18 76%
1 yr 78 ± 17 91% 90 ± 11 103% 83 ± 17 92% 83 ± 16 89%
2 yr 81 ± 17 100% 89 ± 15 100% 89 ± 15 100% 86 ± 16 100%
Total improvement 39 ± 22 (P<.001) 48 ± 19 (P<.001) 33 ± 20 (P<.001) 31 ± 18 (P<.001)

ASES, American Shoulder and Elbow Surgeons; RTSA, reverse total shoulder arthroplasty; TSA, total shoulder arthroplasty; BT, biceps tenodesis (arthroscopic); ARCR,
arthroscopic rotator cuff repair; NA, not applicable.
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most common shoulder procedures. It should be explicitly
mentioned here that the study did not aim to compare the treat-
ment outcomes of the different shoulder surgeries.

In this study, patients after shoulder arthroplasty realized
quicker improvements in pain and patient-reported outcomes
compared to patients after ARCR or arthroscopic BT. The recov-
ery parameters after TSA were significantly pronounced
compared to those of other shoulder procedures at all measured
time points over a 2-year period. After 6 weeks the TSA group
showed a 90% pain recovery rate while the arthroscopic tendon
repair groups showed pain recovery levels that were far below
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(BT 57% and ARCR 58%). These differences were substantially
attenuated at the 12-week postoperative control appointment
and were no longer present at the 6-month control. The total
pain improvement 2 years after TSA or RTSA (4.9 ± 2.6 and 4.2 ±
2.9) was higher than after ARCR or BT (2.9 ± 2.3 and 3.3 ± 2.3).
This finding should be relativized, however, because preopera-
tive pain scores were higher in the arthroplasty groups than in
the ARCR and BT groups. However, as mentioned earlier, the aim
of this study has been to highlight the differences in the reha-
bilitation curves. Comparison of the absolute improvements of
the individual shoulder surgeries was intentionally not



Figure 3 Graphical representation of the speed of ASES recovery for a period of 2 years after shoulder surgery of the 4 different groups. ASES, American Shoulder and Elbow
Surgeons; RTSA, reverse total shoulder arthroplasty; TSA, total shoulder arthroplasty; BT, biceps tenodesis; ARCR, arthroscopic rotator cuff repair.
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emphasized in this study, since comparability of the treatment
results is not purposeful due to the heterogeneous baseline
shoulder conditions. The TSA (63 ± 10 years) group had a sta-
tistically significant higher mean age than the ARCR (58 ± 8, P ¼
.003) and BT (55 ± 11, P < .001) groups. The extent to which age
influences the speed of recovery is discussed differently.
Regarding postoperative pain recovery after shoulder surgery, a
study by Simon et al showed that pain scores during the early
rehabilitation phase were higher and pain lasts longer in older
patients than in younger patients.19 Manaka et al showed that
functional recovery after shoulder surgery is also faster in older
patients than in younger patients.14 However, despite the older
age of patients in the TSA group, significantly faster pain re-
covery and functional recovery were observed in our study than
in the significantly younger ARCR and BT patient groups.
Possibly the difference in rehabilitation courses would have been
even more pronounced if all groups had the same age ranges.

When recovery was measured with the SANE score the highest
and fastest improvement was observed in the arthroplasty groups,
even though all groups reached themain part of rehabilitation after
6 months. While after 6 months the rehabilitation deficit -
measured with the ASES score - was 4% after TSA, a rehabilitation
deficit of 24% respectively 23% could be observed in the ARCR and
BT group. Faster recovery after shoulder arthroplasty was a sur-
prising finding since it would intuitively seem that arthroplasty is a
more invasive procedure than rotator cuff repairs and BT, which
were performed arthroscopically in this study.

Amajor limitation of the studywas the high dropout rate of 66%;
the reason for this being the strict exclusion of patients who did not
complete all data sets at all different postoperative follow-up time
points. While a final follow-up in retrospective outcome studies can
normally reduce the dropout rate, in this retrospective recovery
course analysis it was not possible to obtain missing postoperative
data sets. Accordingly, only those patients who completed all data
sets at each postoperative follow-up time point were strictly
included. Prospective data analysis could help achieve higher
response rates in the future. Despite this possible bias, the data
collected are of interest and may help to better understand post-
operative rehabilitation curves after shoulder surgery. Unfortu-
nately, in this study, the SANE scores and ASES scores for the TSA
and RTSA groups were not collected until 6 months, so these scores
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did not assess the early postoperative phase after TSA and RTSA,
which is another limitation of the study. Nevertheless, pain eval-
uation, which was performed in all groups preoperatively, after 2, 6,
and 12 weeks as well as after 6, 12, and 14 months, showed that
especially after TSA and RTSA the pain resolved much faster in the
early postoperative course compared to the arthroscopic proced-
ures. Another limitation of the study was the use of only 3 patient-
related outcome scores to assess the recovery of shoulder proced-
ures. However, this study was intended to examine the rehabilita-
tion process after the most common shoulder surgeries from the
patient's point of view. Beyond this, all scores used were validated
before.10,18

The recorded recovery curves of the individual scores differed
insignificantly per examined procedure. Accordingly, it can be
postulated that all 3 collected scores were able to adequately reflect
the postoperative course.

Recovery courses after shoulder replacements have been
investigated several times. It has also been shown in previous
studies that, especially after TSA, the majority of rehabilitation is
already completed after 6 months.8,11,20 The individual recovery
curves following ARCR or BT are also comparable to those found in
the existing literature.1,2,5,6,14,16,21

This study is the first to directly compare postoperative pain,
shoulder function, and patient satisfaction courses after the most
common shoulder surgeries. While a direct comparison of out-
comes after different shoulder surgeries is not useful and was
intentionally omitted in this study, direct comparison of rehabili-
tation courses from the patient's point of view is of high impor-
tance. Patients often compare the postoperative course after
shoulder surgery with previous shoulder surgeries or with post-
operative courses of friends or relatives. This study allows to clarify
the differences of the recovery courses depending on the shoulder
surgery. The most surprising finding of this direct comparison was
that TSA recovery is faster and involves less pain for the patient
than after arthroscopic BT or ARCR.

Conclusion

Direct comparison of recovery curves after TSA, RTSA, ARCR,
and BT revealed that TSA demonstrates the fastest rehabilitation in
terms of pain, function, and subjective shoulder value.
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Surprisingly, rehabilitation after BT is more strenuous than reha-
bilitation after TSA or RTSA due to increased pain and longer
rehabilitation time.
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