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Abstract

Introduction Reverse shoulder arthroplasty shifts the rotational center of the shoulder joint caudally and medially to restore
shoulder function in a rotator cuff deficient shoulder. Despite promising results in early- and mid-term follow-up, long-term
loss in shoulder function has been described in the literature. A lack of exercise in elderly patients may be one reason for
this loss in function. This study examines the functional benefits of physical therapy in the mid-term to long-term follow-up
regarding the subjective and objective shoulder function.

Materials and methods Twenty patients with a mean age of 73 years were included in this series. The study was performed
as a single-center, prospective study. Initial indications for reverse shoulder arthroplasty were cuff tear arthropathy, failed
anatomical shoulder arthroplasty, and fracture sequelae. The patients were clinically examined at a mean follow-up of
62 months using the Constant score (CS) and the DASH score for the operated and the non-operated shoulder. They were
reevaluated using the same scores following a standardized physical therapy program of 6 weeks’ duration.

Results The mean CS as well as the mean age- and gender-adjusted CS of the affected shoulder improved significantly from
53.5 points to 59.3 points, and 72.7-80.8%, respectively. The subcategories activities of daily living and range of motion of
the CS improved significantly, whereas no significant improvement was observed for the subcategories pain and strength.
Evaluating the contralateral shoulder, no significant change was observed for the age- and gender-adjusted CS and the CS as
well as its subcategories. We found no significant difference in the CS comparing the different etiologies prior to physical
therapy.

Discussion Physical therapy plays an important role subsequent to reverse shoulder arthroplasty. It also has an effect in the
mid-term to long-term follow-up regarding the range of motion as well as activities of daily living. However, physical therapy
seems to have limited effect on the strength and the residual pain level.

Level of evidence Level III.
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Introduction

In 1987 Paul Grammont designed the reverse Delta III
prosthesis [1, 2], which has been modified over the years
and is nowadays used for a variety of indications.

The primary indication for reverse shoulder arthroplasty
is a massive, non-reparable defect of the rotator cuff with
secondary arthritis of the glenohumeral joint (cuff tear
arthropathy) [3-6] and an accompanying pseudoparaly-
sis of the affected shoulder. Other indications that can be
treated by implantation of a reverse shoulder prosthesis
are loss of shoulder function due to secondary rotator cuff
tears after anatomical shoulder arthroplasty [7, 8], failed
treatment of humeral head fractures (fracture sequelae)
[9-11], and even failed treatment of the primary implan-
tation in cases of humeral head fractures [12, 13] with
accompanying insufficiency or tears of the rotator cuff or
decreased quality of the fractured tuberosities.

The biomechanical principle is a shift of the rotational
center medially and the distalisation of the humerus lead-
ing to increased deltoid tension and lever arms. Due to
these changes, the deltoid muscle is partially able to pro-
vide functional replacement of the rotator cuff muscles due
to an increase in the deltoid moment arm and the muscular
pretension [14, 15].

However, despite promising results in the early- and
mid-term, a loss of function has been described for the
long-term follow-up [3, 14, 16]. Therefore, other conserva-
tive and surgical treatment options should be considered
prior to the implantation of a reverse shoulder prosthesis.
Especially the indication for reverse shoulder arthroplasty
in patients under the age of 60 years is considered closely.

The loss of shoulder function [3, 16] may be due to
degenerative changes of the deltoid muscle, thus being
irreversible. However, another factor might be the lack
of exercise in elderly patients. A rehabilitation program
following total shoulder arthroplasty is essential [17-22],
but there is insufficient data regarding physical therapy
in the mid-term to long-term follow-up following reverse
shoulder arthroplasty.

With this regard, the present study examines the func-
tional benefits of physical therapy in the mid-term to long-
term follow-up regarding the subjective and objective
shoulder function.
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Materials and methods
Patients

Twenty patients (6 male, 14 female) with an average age
of 73 years (range 58—84 years) at the time of examination
were included in this series. The study was performed as
a single-center, prospective study.

The patients were divided into three groups based on the
underlying etiology for which they were treated. Group 1
consisted of nine patients (45%) suffering from cuff tear
arthropathy, group 2 had four patients (20%) with revision
after failed anatomical arthroplasty, and group 3 had seven
patients (35%) suffering from fracture sequelae.

All patients received a reverse shoulder arthroplasty by
means of implantation of a Delta III shoulder prosthesis or a
Delta XTend shoulder prosthesis (DePuy International Ltd.,
Leeds, England).

Follow-up

The patients were examined at an average follow-up of
62 months (median 89 months, range 41-157 months) after
implantation of the reverse shoulder prosthesis. The subjec-
tive outcome was evaluated using the DASH score [23] com-
prising questions about performing activities of daily living.
The objective functional outcome of the operated shoulder
as well as the contralateral side were assessed using the Con-
stant score (CS) [24] comprising the four subsections range
of motion (ROM), activities of daily living (ADL), pain, and
strength. The age- and gender-adjusted Constant score [25]
was additionally calculated. The strength subsection of the
Constant score was measured with the arm abducted 90° in
the scapular plane (IsoForceControl, MDS AG, Oberburg,
Switzerland) and was scored as zero if the patient could not
reach this position.

Subsequent to the examination, all patients took part in
a standardized 6-week rehabilitation program including
equipment-based training therapy, manual therapy, heat
therapy, massage therapy, and electrotherapy. The goal was
the strengthening of the glenohumeral and scapular stabiliz-
ing musculature, pain reduction, and improvement of the
range of motion.

After completion of the physical therapy program the
patients were reevaluated, again using the identical scores
to assess the objective and subjective outcome.

The statistical evaluation was performed using SPSS
software, vers. 21 (SPSS Inc., Chicago, Illinois) using the
Wilcoxon signed-rank test and the Mann—Whitney U test.
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Results arthroplasty after fracture sequelae compared to cuff tear

The mean Constant score improved significantly from
53.5 pts. (range 21-81 pts.) to 59.3 pts. (range 28-82 pts.;
p=.014). The age- and gender-adjusted CS improved sig-
nificantly from 72.7% (range 28-116%) to 80.8% (range
41-115%; p=.017) after rehabilitation (see Fig. 1).

For the contralateral shoulder a mean CS of 79.3 pts.
(range 25-100 pts.) was reached prior to physical therapy
and 79.6 pts. (range 42-92 pts.) after physical therapy
(p=.87). The age- and gender-adjusted CS was 108.1%
(range 88-137%) and 108.8% (range 61-133%) before and
after the treatment, respectively (p =.79).

Concerning the subcategories of the CS for the affected
shoulder, we noted a significant increase for the categories
ADL from an average of 12.4 pts. to 14.3 pts. (p=.013)
and ROM from 23.0 pts. to 26.2 pts. (p =.046). Statisti-
cally not significant were the results for the subcategories
pain with an increase from 11.9 pts. to 13.1 pts. (p=.115)
and strength with 6.2 pts. before and 6.0 pts. after physical
therapy (p=.623).

The analysis of the subcategories of the CS for the con-
tralateral side showed no significant difference before and
after physical therapy (p > .05).

Comparing the results for different etiologies showed
no significant difference in the functional values prior to
physical therapy (p >.05). Following the rehabilitation pro-
gram we observed a statistically significant difference for
the age- and gender-adjusted CS with inferior results for the

arthroplasty (p=.04) and revision after failed anatomical
shoulder arthroplasty (p=.01).

We could not show a significant change in the subjective
assessment of this trial. The DASH score improved from
37.1 pts. before physical therapy to 34.3 pts. after physical
therapy (p=.12).

Discussion

Reverse shoulder arthroplasty is an important treatment
option for patients suffering from cuff tear arthropathy as
well as patients in need of surgical revision due to failed
anatomical shoulder arthroplasty or fracture sequelae lead-
ing to good functional results [3, 4, 26, 27].

The mean Constant score of 53.5 pts. observed in this
series with a mean follow-up of 62 months is comparable to
the results published in the current literature. Sirveaux et al.
[3] observed a mean CS of 65.5 pts. in a series of 80 patients
with a mean follow-up of 44 months. In a study published
in 2006 by Boileau et al. [9] the observed mean CS of 45
patients was 58 pts. at a follow-up of 40 months and in 2011
Cazeneuve et al. [28] published a series of 35 patients with
a mean follow-up of 86 months and a mean CS of 53 points.

The glenohumeral joint biomechanics in shoulders with
insufficiency of the rotator cuff is altered due to a loss of
the centering forces of the rotator cuff, leading to a cranial
migration of the humeral head [29]. In this situation, reverse
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shoulder arthroplasty is able to increase active abduction
and forward flexion on the one hand and to decrease pain
on the other [14].

The evaluation of the shoulder joint kinematics after
RSA showed decreased glenohumeral motion but increased
scapulothoracic motion during elevation [30, 31], suggesting
an emphasized role of the periscapular musculature in post-
operative rehabilitation. Another key point in postoperative
physical therapy seems to be the strengthening of the deltoid
and upper trapezius muscles, since these are the primary
abductors of the shoulder [32-35]. The posterior deltoid fib-
ers also play an important role in external rotation [36, 37].

Although rehabilitation programs for the postopera-
tive treatment of reverse shoulder arthroplasty have been
described [38], there is still a lack of consensus and data
on the effectiveness of physical therapy in the mid-term to
long-term follow-up.

A decrease in shoulder function in the mid-term to long-
term follow-up, especially in range of motion, can be par-
tially reversed by a standardized physical therapy program
after reverse shoulder arthroplasty. This is confirmed by
an increase in the ADL and ROM subcategories of the CS
observed in this series. However, the physical therapy seems
to have no effect on the residual pain level and the strength
of the affected shoulder, which is reflected in the absence of
significant changes in the other two CS subcategories as well
as in the subjective DASH score.

Furthermore, a possible bias/placebo effect must be taken
into consideration as generated by the attention of the physi-
cal therapist to the patient. However, this effect seems not
to contort the present results as interpreted from the lack of
improvement in the subjective subcategory pain of the CS
as well as the lack of improvement in the subjective DASH
score.

The average patient receiving a reverse shoulder arthro-
plasty is an elderly patient. The mean age in our series was
73 years at the time of examination. An improvement in
shoulder function after physical therapy may be due to a
lack of physical activity in this group of patients. However,
we did not observe an improvement in the non-operated
shoulder.

Determining to what extent this improvement of the
shoulder function applies for the long-term follow-up and
whether a repetition of the physical therapy is able to pre-
vent a decrease in shoulder function has to be a purpose of
future trials.

Limitations of this series are the small sample size with
the subsequent small groups when dividing patients accord-
ing to the underlying etiology, which is a bias and may lead
to distortion of the results. The reason for the small sam-
ple size is the average age of the examined population. The
recruitment was performed by phone. Owed to the age of the
study population, some patients had died before reaching the
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minimum follow-up, others where simply satisfied with their
shoulder function and not interested in performing physical
therapy or visiting our outpatient department.

Another limitation of this series is the missing compare
group to perform a matched-pair analysis. This is due to
the reasons mentioned before. We were not able to recruit
enough patients to generate a second, non-treatment group,
mainly due to the inclusion criteria and the age of the
patients.

The contralateral shoulder is a poor control, because it
differs from the normal age- and gender-matched control
shoulder due to the fact that the cuff tear arthropathy is often
bilateral. However, in this series we observed an age- and
gender-adjusted CS of 108% before and 109% after physical
therapy for the contralateral shoulder, suggesting a normal,
age-appropriate shoulder function.

For further research, a prospective, matched-pair analy-
sis would be preferable. However, this study type was not
selected for our analysis, due to the relatively small patient
cohort with an implant survival time of more than 4 years
due to the advanced age of the patients.

Conclusion

Physical therapy can help to improve certain objective and
subjective aspects of the shoulder function in the mid-term
to long-term follow-up after reverse shoulder arthroplasty.
This applies to the range of motion and the use of the
affected shoulder for activities of daily living, but it seems
to have no effect on the residual pain level or on the strength
of the affected shoulder.

The main limitation of this series is the missing control
group for a matched-pair analysis, which is mainly due to
the advanced age of the patients and the inclusion criteria.
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