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ABSTRACT

Objectives To gain insight in the safety of direct

active rehabilitation without immobilisation in patients
undergoing reverse total shoulder arthroplasty without
subscapularis reattachment, measured by the occurrence
of complications until 1-year follow up. Next, to explore
improvement in shoulder function and in patient-reported
outcome measures.

Design An international multicentre prospective cohort
safety study.

Setting Patients indicated for reverse total shoulder
arthroplasty, visiting the orthopaedics outpatient clinic

at two hospitals in the Netherlands and one hospital in
Curagao between January 2019 and July 2021, were
selected.

Participants 100 patients (68% female, mean age
74+7.0 years) undergoing unilateral primary shoulder
replacement were included if: >50 years, diagnosed

with shoulder osteoarthritis, rotator cuff arthropathy or
avascular necrosis, and selected for reverse total shoulder
arthroplasty. A sling was used for only 1 day, followed by
a progressive active rehabilitation for >12 weeks with no
precautions.

Main outcome measures Complications, range of motion
and patient-reported outcome measures (Oxford Shoulder
Score, Pain Numeric Rating Scale and EuroQol-5D for
quality of life). Patients were evaluated preoperatively and
6 weeks, 3months and 1year postoperatively.

Results In total, 17 complications were registered
(17.0%) including five (5.0%) categorised as potentially
related to the rehabilitation strategy: one dislocation, one
acromion fracture and three cases with persistent pain.
Anteflexion, abduction and external rotation, pain scores
and the Oxford Shoulder Score all improved significantly
(p<0.05) at all time points compared with preoperative.
Quality of life improved significantly from 3 months
onwards. These secondary outcomes improved further
until 1year postoperatively.

Conclusion Direct active rehabilitation after reverse total
shoulder arthroplasty seems to be safe and effective.
Potentially, this approach will lead to less dependent
patients and faster recovery. Larger studies, preferably
including a control group, should corroborate our results.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= The strength of our study is the international design
with multiple surgeons and two different types of
modern shoulder prosthesis, therefore representing
a broad range of patients.

= Furthermore, we accounted for confounding factors
(age, sex and type of prosthesis) in the statistical
analysis.

= The main limitation of this study is the lack of a con-
trol group, besides results from previous literature.

= In addition, the sample size was relatively small
(n=100).

Trial registration number NL7656.

INTRODUCTION

Despite the gained popularity of reverse total
shoulder arthroplasty (rTSA), there is a high
level of heterogeneity in the published reha-
bilitation guidelines post rTSA. The only
consensus is that physical therapy is consid-
ered essential in optimising patient outcomes
and that patients might benefit from deltoid
and scapulothoracic rehabilitation after
rTSA.'?

Traditionally, patients undergoing rTSA
surgery are immobilised for at least 2-6 weeks
to protect the operated joint and to allow
tissue healing, as described by Bullock et al.'
In the early days, the subscapularis tendon
was detached during surgery and reattached
to the tuberculum minus, and consequently
needed time to heal. In modern rTSA
surgery, reattaching the subscapularis tendon
is not mandatory as presented by Friedman et
al and Vourazeris et al.* Both studies showed
similar outcomes and complication rates
after shoulder arthroplasty with or without
reattaching the tendon.” * Also, de Boer et
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aP showed no significant differences in range of motion
(ROM) between reattaching the subscapularis tendon
or resection. Without the need to reattach the subscapu-
laris tendon, combined with the stability provided by the
modern design of r'TSA, nowadays patients should be able
to start mobilisation directly postoperatively.

Direct active use of the new shoulder joint could poten-
tially lead to improved ROM on the short term and better
motor control of the deltoid muscle at an earlier stage.
In addition, patients might resume activities faster if
no immobilisation is applied. This faster independency
could result in psychological and emotional advantages
for patients.’ Furthermore, prolonged immobilisation of
the arm can be disabling, especially in the elderly popula-
tion, resulting in increased incidence of falling.® On the
contrary, it is unknown if early, unrestricted motion leads
to an increased dislocation rate, pain or readmissions.”

There are a limited number of studies evaluating early
active rehabilitation after rTSA.®® These suggest that
an early start with exercising could result in improved
function with low complication rates; however, in all
a period of immobilisation is still applied by wearing a
sling, and/or precautions are prescribed.®® In contrast to
these studies, this current study was less conservative and
applied an active rehabilitation protocol starting on post-
operative day 1, with no immobilisation of the shoulder
joint and without any precautions. We hypothesised that
this approach would not result in more complications
and would lead to early improvements of functional
outcomes related to direct rehabilitation. Therefore, the
primary objective of this study was to gain insight in the
safety of direct active rehabilitation without immobilisa-
tion in patients undergoing rTSA without subscapularis
reattachment, measured by the occurrence of complica-
tions until l-year follow up. Second, this study explored
the improvement in shoulder function (ROM) and in
patientreported outcome measures (PROMs).

METHODS

This study was an international multicentre prospective
cohort safety study.” The study was reported according to
the Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) statement.'” All patients
50 years and older with an indication for rTSA surgery,
visiting the orthopaedics outpatient clinic at Dijklander
Hospital (Hoorn/Purmerend, the Netherlands), Anna
Hospital (Geldrop, the Netherlands) or Curacao Medical
Center (Willemstad, Curacao) between January 2019 and
July 2021 were selected if they met the inclusion criteria.
The indication for surgery was shoulder complaints based
on shoulder osteoarthritis, rotator cuff arthropathy or
avascular necrosis. Exclusion criteria were: (1) unable
to complete the rehabilitation protocol; (2) unable to
complete the questionnaire(s) or (3) acute fracture treat-
ment. After obtaining written informed consent, patient
demographics were collected as well as shoulder function
and PROMs.

Patients from Dijklander Hospital received an Equi-
noxe IrTSA shoulder prosthesis (Exactech, Gaines-
ville, Florida, USA). Patients from Anna Hospital and
Curacao Medical Center received a Comprehensive Total
Shoulder prosthesis (Zimmer Biomet, Warsaw, Indiana,
USA). During admission, patients received standardised
care according to local protocols. The surgical procedure
was described in the study protocol of van Essen et al.” In
summary, all procedures were done with the patient in
the beach chair position using a deltopectoral approach,
without reattachment of the subscapularis tendon. All
patients received an ultrasound-guided interscalene
regional block with a maximum of 20 mL levobupivacaine
0.5% (5mg/mL) combined with general anaesthesia. No
drains or peripheral pain catheters were used. The day
after surgery, active use of the shoulder started following
astrict physical therapy protocol without the use of a sling
for immobilisation. The rehabilitation took into account
the unique biomechanical changes that occur after rTSA.
Deltoid functioning is affected favourably by the design
of the reverse prosthesis, which medialises the centre of
rotation and distalises the humerus, allowing the deltoid
muscle to partially replace the function of the rotator
cuff muscles."" Furthermore, periscapular muscles play
an important role due to increased scapulothoracic
motion during elevation.'? Therapy gradually progressed
and concerned improving ROM and strengthening of
the deltoid muscle," of the periscapular muscles and of
remaining cuff muscles. High number of repetitions with
low weights was preferred to enhance shoulder muscle
endurance.'"* Normal use of the arm and shoulder was
encouraged for all activities, with no precautions. The
active rehabilitation protocol is described in detail in the
online supplemental appendix.

The effect of this direct mobilisation was evaluated at
6weeks, 3months and lyear postoperatively. Complica-
tions and re-admissions were recorded at all follow up
moments. Complications were classified as potentially
related to the rehabilitation strategy (eg, acromial/
scapular spine stress fractures, shoulder dislocation)'
or as other intraoperative and postoperative complica-
tions related to surgery (eg, infection, nerve problems,
haematoma). Furthermore, the following PROMs were
completed by the patients: (1) the validated Dutch version
of the Oxford Shoulder Score (OSS), a 12-item ques-
tionnaire regarding pain and function of the shoulder
(scores range from 0 to 48), with higher scores indicating
better shoulder function and less pain;16 179 EuroQol-5
Dimensions-3 Levels (EQ-5D-3L), a health-related quality
of life measure with a self-rating of health status (range
0-100, 100 is the best imaginable health status)'® and
(3) Numeric Pain Rating Scale (NPRS) in rest and in
motion (range 0-10, 10 means the worst possible pain)."
In addition, active range of motion of the shoulder was
registered at the outpatient clinic by the orthopaedic
surgeon or a trained orthopaedic resident. Anteflexion,
abduction and external rotation with the arm at the side
and 90° elbow flexion were expressed in degrees. Internal
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rotation was classified using the Constant-Murley scoring
method by recording the highest anatomic landmark the
patient’s thumb was able to reach, namely: dorsum of
hand to lateral thigh, to buttock, to lumbosacral junction,
to waist/3rd lumbar vertebra, to 12th dorsal vertebra or
to interscapular region.”” During outpatient clinical visits
(at 2weeks postoperatively for wound control and at all
study follow up evaluations), patient compliance with the
rehabilitation protocol was monitored.

A power analysis (significance level of 0.05 and a power
0f 0.90) suggested that >1300 patients with an rTSA would
be required for sufficient statistical power to test whether
the rate of complications (approximately 15%)*' would
be the same between the former rehabilitation strategy
with immobilisation of the shoulder for several weeks and
the direct active rehabilitation (maximum allowed differ-
ence 3%). Since this would put a large number of patients
at risk, we first designed this safety study to gain insight
in the risk of complications of direct active rehabilitation
without immobilisation in patients undergoing rTSA.

Descriptive statistics were used for baseline participant
characteristics and to evaluate primary (complications)
and secondary (ROM and PROMs) study outcomes. Cate-
gorical variables are presented as numbers and propor-
tions. For continuous variables, normality was assessed
visually (eg, histograms, boxplots) and through the
Shapiro-Wilk test. Normally distributed data are presented
as mean+SD, while median and IQR were used for non-
parametric data.” Patients with complications were
compared with patients without complications regarding
differences in age, sex and type of rTSA. Age was anal-
ysed using the independent samples t-test. Sex and pros-
thesis type were evaluated with ¥~ to assess for differences
between groups and Fisher’s exact test when expected
counts were less than 5. Whether secondary outcomes
improved postoperatively compared with preoperative
values was tested using a linear mixed model analysis, an
approach robust to missing data.” ROM and PROMs were
analysed at all time points as dependent variables. Sex
and type of rTSA were entered as independent factors,
and age was added in the model as covariate. Intention
to treat analysis was applied, since patients with compli-
cations were included in the analysis. A p value<0.05 was
considered statistically significant. Statistical analysis was
performed using the Statistical Package for the Social
Sciences (V.28.0; IBM, SPSS). Finally, adherence with the
rehabilitation protocol was also assessed by reviewing the
patient’s physical therapy record in a 10% sample.

Patient and public involvement
No patients were involved.

RESULTS

All patients that met the inclusion criteria participated in
the study, which comprised a total of 100 patients under-
going primary unilateral rTSA. Mean age at the time of

Open access

Table 1 Characteristics of study participants
Participant characteristics Outcome
Age at surgery in years, mean+SD 74+7.0
Female, n (%) 68 (68)
Diagnosis, n (%)
Osteoarthritis 50 (50.0)
Cuff arthropathy 36 (36.0)
Both osteoarthritis and cuff arthropathy 13 (138.0)
Avascular necrosis 1(1.0)
Type of shoulder prosthesis, n (%)
Equinoxe reverse system 55 (55.0)
Comprehensive total shoulder system 45 (45.0)

n, number.

surgery was 74+7.0years and 68% of the patients were
female (table 1).

In total, 17 complications were registered (17.0%) in 14
patients during the first postoperative year (table 2). All
patients were seen lyear postoperatively, except for two

Table 2 Complications during the first postoperative year

Total complications, n (%) 17 (17.0)

5 (5.0)

Complications potentially related to the
rehabilitation strategy, n (%)

At 6 weeks FU

Persistent pain which needed additional non- &
surgical treatment

At 3months FU

Acromial fracture (without trauma) 1
Shoulder dislocation 1
Other complications, n (%) 12 (12.0)
During the procedure and hospital admission
Skin injury lower arm 1

Death post surgery due to ventricular fibrillation 1
Bladder retention 1
At 6 weeks FU

Temporary plexus neuropraxia 1

Periprosthetic fracture (fall) 1

Ribfracture (fall) 1

Scapula fracture (fall) 1

Dislocated total hip (fall) 1
At 3months FU

Infection 1

Acromial fracture (fall) 1
At 1year FU

Scapula notching on X-ray without clinical 1

symptoms

Death 1

FU, follow up; n, number.
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patients who died (one immediately after surgery, one
8months postoperatively). Five complications (5.0%)
were categorised as potentially related to the rehabil-
itation strategy, all occurring during the first 3 months.
Looking more closely at these five patients, one patient
presented at the outpatient clinic 8weeks after surgery
with acute shoulder pain without trauma. A CT scan
confirmed an acromion fracture for which 4weeks immo-
bilisation was advised. Only one patient experienced
dislocation of the shoulder prosthesis which occurred
2months postoperatively. This was successfully treated by
closed reduction in the operating room and restricted
ROM for 6weeks. A full recovery was reached after 1year.
Three patients experienced persistent pain for which a
consult with the pain specialist was scheduled for two
patients, and one patient was treated with dry needling
by the physical therapist. There were 12 other complica-
tions (12.0%), including five which were caused by a fall.
One patient was diagnosed with a deep wound infection
10 weeks after surgery, treated with two-stage revision.
Patients with complications were not statistically different
from patients without complications regarding age
(76.1£8.9 years vs 73.9+6.6 years, respectively, p=0.285),
sex (10.3% female and 21.9% male in the group with
complications, Fisher’s exact test p=0.133) and type of
r'TSA (20.0% Comprehensive Total Shoulder and 13.8%
Equinoxe shoulder prosthesis in the group with compli-
cations, Pearson y* p=0.708).

ROM and PROMs results during the first postoperative
year are presented in table 3. Anteflexion, abduction and
external rotation improved significantly at all time points
compared with preoperative, independent of age, sex and

type of prosthesis (p<0.05, figure 1). Similar results are
shown for the pain scores (NPRS) and OSS, while quality
of life (EQ-5D-3L) improved significantly at 3 months and
lyear compared with preoperative. The improvement in
internal rotation postoperatively is presented in figure 2.
Ten patient records (10%) were retrospectively studied
to check how thorough therapists followed the rehabili-
tation guidelines. All showed good compliance with the
prescribed protocol.

DISCUSSION

This study aimed to gain insight in the safety of an active
rehabilitation protocol without immobilisation and
starting directly after rTSA surgery. Main results showed
a total complication rate of 17.0% (n=17) during the
first postoperative year. Only five complications (5.0%)
were potentially related to the rehabilitation strategy: one
dislocation, one acromion fracture and three cases with
persistent pain, all of which occurred on the short term
(<3 months). This indicates, in this relatively small group
of patients, that direct active rehabilitation and no immo-
bilisation appear to be safe. Anteflexion, abduction and
external rotation, pain scores and the OSS all improved
significantly from 6 weeks onwards.

The three types of complications potentially related
to the rehabilitation strategy in this study are among the
top three complications for an rTSA.** The complication
rates of instability (1.0%, n=1), acromial fracture (1.0%,
n=1) and pain complaints (3.0%, n=3) are comparable
to the recent study of Parada et af* in >4000 patients
with an rTSA. Although the biggest concern of early

Table 3 Range of motion and results of patient-reported outcome measures

Six weeks Three months One year
Outcome Preoperative postoperative postoperative postoperative
Anteflexion (degrees), median (IQR) 80 (45-90) 100 (85-120) 120 (100-150) 140 (120-160)
Abduction (degrees), median (IQR) 70 (40-90) 90 (80-100) 100 (90-130) 120 (100-140)
External rotation (degrees), median (IQR) 15 (10-30) 30 (15-30) 30 (21-40) 40 (30-50)
Internal rotation (category®), %
0 19.6 7.9 2.3 1.1
1 49.5 73.0 62.1 42.7
2 15.5 16.9 28.7 34.8
3 7.2 1.1 3.4 9.0
4 7.2 1.1 3.4 10.1
5) 1.0 0.0 0.0 2.2
NPRS in rest (0-10), median (IQR) 7 (5-8) 3 (1-4) 1(0-3) 1(0-2)
NPRS in motion (0-10), median (IQR) 8 (8-9) 4 (2-6) 2 (1-4) 2 (0-5)
OSS (0-48), median (IQR) 19 (12-24) 26 (19-33) 36 (28-40) 40 (33-44)
EQ-5D self-rating of health status (0-100), median (IQR) 70 (50-80) 71 (60-80) 80 (62-90) 80 (70-90)

*Constant-Murley scoring method, category O=lateral thigh; 1=buttock; 2=lumbosacral junction; 3=waist/3rd lumbar vertebra; 4=12th dorsal

vertebra; 5=interscapular region.

EQ-5D, EuroQol-5 Dimensions; NPRS, Numeric Pain Rating Scale; OSS, Oxford Shoulder Score.
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Figure 1 Median (IQR) anteflexion, abduction and external

rotation range of motion during the first postoperative year.
*Significant difference (p<0.05) compared with preoperative
value. mo, months; pre, preoperative; w, weeks; y, year.

rehabilitation is dislocation of the shoulder arthroplasty,
in our study only one patient (1.0%) experienced a dislo-
cation, 2 months after surgery. Regarding other complica-
tions, we included all adverse events that occurred (both
complications and problems, defined by Ascione et al),
resulting in 11 different complications. Remarkable is the
high rate of patients who experienced a fall during the
first 3months (n=5, 5.0%), resulting in varying fractures
(n=4) or total hip dislocation (n=1). We assumed that
without a sling, patients would have better propriocep-
tion and therefore less tendency to fall, as was reported
in the study of Lee et al® The high number of falls may
also be a reflection of the (older) patient population
eligible for rTSA. In this study, the mean age of patients
was 74+7.0 years.

Compared with traditional immobilisation, we expect
the biggest advantage of early rehabilitation in the first
few weeks. This was demonstrated by significant improve-
ments of ROM, NPRS and OSS already at 6weeks after
surgery and quality of life at 3months. The improve-
ments of secondary outcomes continued even further
until 1-year follow up. In addition, these gains in shoulder
function and PROMs at 6 weeks represent clinically rele-
vant changes.” ¥’ Furthermore, no need for shoulder
immobilisation in the first few weeks after surgery may
decrease the inconvenience caused by mandatory sling
use and may result in less dependency on additional care.
This will potentially reduce healthcare costs.

The effect of early active rehabilitation after rTSA
was previously evaluated in a limited number of studies.
Hagen et al’ found no difference in ROM and compli-
cation rates between early mobilisation (n=42) and
delayed therapy (n=44). Contrary to our study results at
6weeks, both rehabilitation groups showed no significant
improvements in anteflexion and abduction, and even a
decline in external rotation.” A second study concluded
that early active rehabilitation targeting the deltoid and
the external rotator muscles (n=30) is safe (no complica-
tions) and effective and may have early clinical benefits
over a delayed active rehabilitation programme (n=33)."
In both randomised controlled trials, both treatment
groups had to wear a sling for 6weeks.”® In our study,
we used a more aggressive mobilisation protocol starting
on day 1 postoperatively, with no use of a sling. A third
study by Lee et af’ compared three groups: (1) 6weeks’
immobilisation in a sling (n=114); (2) 3weeks” immobili-
sation (n=125) and (3) accelerated rehabilitation without
immobilisation (n=118) in patients after rTSA. They
demonstrated that accelerated rehabilitation is effective
and safe with low complication rates.’ In accordance with
our study, they recommend a comparable accelerated
rehabilitation regime without immobilisation.

The strength of our study is the international design
with multiple surgeons and two different types of modern
shoulder prosthesis. These results are therefore repre-
sentative for a broader range of patients. In addition, we
accounted for confounding factors (age, sex and type of
prosthesis) in our statistical analysis. The main limitation
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Figure 2 Internal rotation range of motion during the first postoperative year. Constant-Murley scoring method, category
O=lateral thigh; 1=buttock; 2=lumbosacral junction; 3=waist/3rd lumbar vertebra; 4=12th dorsal vertebra; 5=interscapular region.

of our study is the lack of a control group, besides results
from previous literature.”® Another limitation is the
small sample size (n=100). Furthermore, all patients were
treated by their local physical therapist. While leaving
room for treatment variation, this closely reflects normal
clinical practice. Rehabilitation guideline adherence
was reinforced at each postoperative hospital visit and
the physical therapy records check (n=10) showed good
compliance. Finally, we have no results beyond l-year
follow up, including long-term information on aseptic
loosening and any revision surgery for this reason. Since
the implementation of a rapid recovery programme
after hip and knee arthroplasty did not lead to increased
aseptic loosening, we do not expect different results after
shoulder arthroplasty.”

CONGCLUSION

This study indicates that direct active rehabilitation after
r'TSA without immobilisation of the shoulder joint seems
to be safe and effective. After 1-year follow up, 17 compli-
cations were registered (17.0%) including 5 (5.0%)
categorised as potentially related to the rehabilitation
strategy. Although a control group was lacking in this
study, our complication rate matches complication rates
in recent literature. Anteflexion, abduction and external
rotation, pain scores and the OSS were significantly, and
clinically relevant, improved from 6weeks onwards. A
direct active rehabilitation after rTSA can be done safely
and will potentially lead to less dependent patients and
a faster recovery. Larger studies, preferably including a
control group, should corroborate our results.
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