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Abstract

Objective: Complaints of the shoulder are often accompa-
nied with pain, function lease and impaired quality of life.
Inpatient rehabilitation in Austria acts as a powerful non-op-
erative intervention to improve shoulder function and to re-
duce pain. The aim of this presented study was to observe
the long-lasting effects of rehabilitation on shoulder com-
plaints in a follow up trial.

Design: The impact of three-week inpatient rehabilitation
on pain, sleep quality and shoulder function, respectively
biomarkers for stress and pain was investigated in a multi-
center study.

Patients: 150 inpatient rehabilitation patients with painful
shoulder disorders were recruited to a follow up study (base-
line, three weeks, three months, and six months).

Methods: Data were collected by standardized question-
naires concerning function and sleep quality. Pain intensity
was determined by Visual Analogue Scale (VAS). Additional
biomarkers for stress, pain and inflammation (CRP, Sero-
tonin, ACTH, Dynorphin, R-Endorphin) were analyzed by
ELISA technique or HPLC.

Results: Many investigated parameters, mainly pain (VAS)
and function (Quick Dash/Constant Murley score) improved
significantly during and after the rehabilitation program. Few-
er effects could be seen in the biomarkers in serum. Further-
more, the reduction of pain was not gender dependent.

Conclusion: The improvement of our main outcome pa-
rameters showed that an inpatient rehabilitation program
has a long-lasting effect on pain and function in shoulder
disabilities and is therefore very important for the improve-
ment in quality of life.
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Introduction

Painful shoulder impairments results in substantial
difficulties in daily activities. Shoulder pain, as a com-
mon musculoskeletal disease, often arises due to dys-
function in the complex network of structures, which
is crucial for the extensive mobility of the shoulder
joint. Treatment of shoulder problems has also an ef-
fect on economic costs. Disorders increase the demand
on health care; affected people show decreased work-
ing capacity and substantial absence due to sickness.
Sometimes these factors lead to early retirement or job
loss [1].

Therefore, in Austria the social security system en-
ables patients with loss of function or physical handi-
cap to undergo 3-week inpatient rehabilitation within
a rehabilitation center of a social insurance carrier. The
goal of non-operative interventions used in the rehabil-
itation programs refer to: (i) Pain reduction, (ii) Help in
recovery and maintain a passive range of motion, (iii)
To strengthen the rotator cuff in a non-impingement
range of motion, and (iv) To prevent the occurrence of
progressive pathological changes.
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Therapies to treat musculoskeletal disorders of the
shoulder are amongst others the manual therapy, the
therapeutic ultrasound, low-level laser therapy, acu-
puncture and the pulsed or static electromagnetic field
therapy, applied alone or in combination [2]. Kuhn sum-
marized the outcome of eleven randomized, controlled
trials to demonstrate that exercise (as applied in re-
habilitation programs) in the treatment of rotator cuff
impingement has statistically and clinically benefits on
pain reduction and improvement of function [3]. Con-
ventional therapy within a rehabilitation center is com-
posed of exercise, physiotherapy, acupuncture, rehabil-
itation, etc. By contrast, for medical therapy intra-artic-
ular corticoids or oral Non-Steroidal Anti-Inflammatory
Drugs (NSAID), topic NSAIDs or Capsaicin are applied but
result only in the reduction of the symptoms and often
do not prevent disease-progression in connection with
significant side-effects. Circumvention of joint surgery
as a result of failed conventional therapy is of utmost
urgency and therefore, there is an exceptional need of
rehabilitation-programs with long term effects.

To document a possible effect of multi-week inpa-
tient shoulder rehabilitation the use of validated spe-
cific questionnaires to record the functional change is
supportive, like the Quick Dash and the Constant Score.
A documentation of these questionnaires was made in
combination with the evaluation of changes of pain be-
havior.

Methods

In multicenter study 150 patients suffering from pain-
ful shoulder disorders in four Austrian rehabilitation cen-
ters of the Pension Insurance (PVA) were recruited (Figure
1). The inclusion criteria were: painful affection of rotator
cuff without rupture (tendinitis, impingement-syndrome),
painful partial rupture, and painful osteoarthritis of the
shoulder, painful bursitis, and sonography of the shoul-
der, VAS 2 4, age between 30 and 75 years and sufficient
knowledge of the German language. At the beginning of
the study all approvals from the ethical review committee
of the different states (Salzburg, Upper Austria, and Styria)
were given.
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Figure 1: CONSORT diagram of the observational study, including all point of measurement with follow ups at three and six

months after rehabilitation.
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The exclusion criteria were: fracture of the scapula and/
or upper arm, systematic inflammatory rheumatic diseas-
es, fracture of the clavicle and other periarticular fractures,
fresh (non-operated) total rupture of the rotator cuff, rup-
ture of biceps, frozen shoulder, cervical discopathy with ra-
dicular symptomatic, patients with acute infections, tumor,
HIV, liver diseases, alcohol- or drug dependency, pregnancy
and lactation period and implanted pacemaker, defibrilla-
tors, pain- or insulin pumps.

All patients received a standardized rehabilitation pro-
gram with equal therapy units during their three weeks
inpatient stay including physiotherapy with stretching,
mobilization, manual therapy, therapeutically exercise train-
ing regarding coordination and force, medical gymnastic,
underwater gymnastic, electrotherapy, therapeutic ultra-
sound, massages and compresses.

Blood samples were taken at admission (= baseline)
and discharge (after 3 weeks). Beside typical laborato-
ry routine parameters (blood sedimentation rate, CRP,
leukocytes, and thrombocytes) parameters for the eval-
uation of stress and pain ACTH (Adrenocorticotropic
Hormone/Corticotropin), R-Endorphin, Dynorphin (all
three Cusabio Biotech ELISA, GB) and Serotonin (High
Pressure Liquid Chromatography (HPLC), Chromsys-
tems, Germany) as well as the inflammatory marker
VEGF (Vascular Epidermal Growth Factor) (R&D Systems
ELISA, USA) were examined.

Pain intensity (pain at rest and pain on motion) was
measured by Visual Analogue Scale (VAS) rating 0-10.

To ascertain the sleep quality, PSQI (Pittsburgh Sleep
Quality Index) was used [4]. The PSQI consists of seven
items and the total score lasts from 0 points (good sleep
quality) to 21 points (insomnia).

Quick-DASH (Disability of the Arm, Shoulder and
Hand) [5] was used to determine the functio laesa of
the shoulder. PSQI and Quick-DASH were performed at
admission, discharge, three and six months after the in-
patient rehabilitation stay, respectively.

Further Constant-Murley Score shoulder function score
[6] was conducted by physiotherapists. By reason of the
fact that this score should be performed by medical pro-
fessional staff it was only ascertained at baseline and dis-
charge from inpatient rehabilitation.

At follow-up three and six months after inpatient re-
habilitation the study questionnaires were sent by mail
to the patients.

Statistical analyses were done by Microsoft Excel
2007 and SigmaPlot 12.3 (Systat Software Inc., USA).

Results

From the 150 included patients 128 patients com-
pleted the study (57 female, 71 males, age 56.7 + 9.3).
Most of the patients (63%) had combined shoulder dis-
orders. 19% suffered from rotator cuff rupture and 13%
had an impingement. All other affections of the shoul-
der showed prevalence beyond 3% within the study
group. The results indicate that all parameters improve
during the 3-weeks inpatient rehabilitation stay.

Measurements of the pain intensity (pain on mo-
tion and pain at rest)

Mean intensity of pain at rest decreased consistent-
ly over six months. The major difference was observed
between admission and discharge. Pain-intensity after
three and six months compared to baseline was also sig-
nificantly lowered (p < 0.001).

The high mean baseline level of pain on motion (VAS
6.1 £ 2.0) continuously decreased during and after re-
habilitation, whereas the low VAS of 2.9 + 2.5 after 6
months was outstanding. The decrease in VAS, regard-
ing pain on motion, of all measurements compared with
admission values showed a high significance (p < 0.001).

A subgroup analysis concerning gender indicates
that subjective pain intensity perception differed be-
tween women and men. The mean VAS value of pain
at rest in men was 3.5 and in women 4.1. At pain on
motion pain intensity of men was higher than in women
(6.3 and 5.8). In both sexes VAS decreased significantly
(p < 0.001). Mean difference in pain at rest and pain on
motion did not distinguish significantly between men
and women (Figure 2A and Figure 2B).

Analysis of the serum samples for different bio-
markers

Laboratory parameters ACTH, Serotonin, and Dynor-
phin decreased slightly. B-Endorphin increased from
131.3 pg/ml (baseline) to 225.8 pg/ml (discharge), with
no significant difference partly due to the high stan-
dard deviation (Table 1). In the total group, the VEGF
declined without significance (from 385.2 to 361.3 pg/
ml) whereas the subgroup with rupture of the rotator
cuff depicted a difference of VEGF more obvious but still
without significance (baseline: 389.4; discharge 356.4

pg/ml).

Table 1: Development of pain and stress biomarkers during inpatient rehabilitation measured by immunoassays.

Rehabilitation admission

n Mean | SD Median
ACTH (pg/ml) 123 51.3 32.7 39.7
R-Endorphin (pg/ml) 123 131.3 406.9 14.8
Dynorphin (pg/ml) 123 4.3 6.2 1.9
Serotonin (ng/ml) 124 123.3 66.5 114.2

Rehabilitation discharge (3 weeks)

SEM Mean |SD Median SEM p-value
3.0 50.5 28.9 41.4 2.6 n.s.
36.7 2258 867.0 235 78.2 n.s.
0.6 4.1 6.0 2.2 0.5 n.s.
6.0 120.0 711 1099 6.4 n.s.

n: Number; ACTH: Adrenocorticotropic Hormone; SD: Standard Deviation; SEM: Standard Error of the Mean; n.s: Not Significant.
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Figure 2: Results of Scores for pain, function and sleep: A) VAS-Course of pain at rest in male and female, significant
difference refers to baseline (***p < 0.001); B) VAS-Course of pain on motion in male and female, significant difference refers
to baseline (*** p < 0.001) no significant difference between men and women; C) Alteration of Quick Dash (shoulder function);
D) Pittsburgh Sleep Quality Index (PSQI) during rehabilitation and follow ups; p value refers to change between measurement
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The total score improved from 7.4 at baseline to 6.3
at the end of the rehabilitation stay. Improved sleep
quality lasted up to six months after rehabilitation
(mean value 6.7). The best sleep quality could be ob-
served after the rehabilitation, which is statistically ver-
ified (p < 0.001). The alteration from baseline to three
and six months after rehabilitation was also remarkable
(p < 0.05) (Figure 2D).

Quick-DASH

The Quick-DASH values decreased significantly (from
48.1 (baseline) to 31.5 (discharge), 33.1 (3 months) 30.4 (6
months)). There was a highly detectable improvement in
shoulder function when measurements at admission were
compared to all later points of measurements. Quick-Dash
values improved in 82% of the shoulder patients, 12% de-
creased and 3% did not change (Figure 2C). The Quick Dash
changes correlated significantly with the changes of pain at
rest (p < 0.02) and pain on motion (p < 0.001).

Constant murley

The Constant Murley Score for evaluation of shoul-
der function [6] improved significantly during the in-
patient rehabilitation stay (p < 0.001). We observed an
improvement of shoulder function in 87% of the pa-
tients. Only 5% showed deterioration in their shoulder
function and 8% continued unchanged. We noticed a
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high correlation between the Constant Murley and the
Quick-Dash score (r =-0.351, p < 0.001).

Discussion

A Cochrane review updating a series of reviews about
physiotherapy in shoulder pain showed that physiother-
apeutic interventions and exercise - as performed in our
rehabilitation program - is similar to an intervention
with drugs (e.g. glucocorticoid injection) [2]. Studies
that consider physiotherapy for treating shoulder pain
and function showed that active physiotherapy has a
significant benefit to the patients in short- and long-
term compared to non- or placebo-treatment. Physio-
therapy intervention after surgical intervention results
in a better outcome compared to physiotherapy alone.

In this present study on patients with painful shoulder
affections we found an improvement of function, disability
and sleep quality during the 3-weeks inpatient rehabilita-
tion including various physiotherapeutically methods and
exercise. All therapies together - especially exercise in the
rehabilitation program - can help to retain mobility and en-
able again some disease disabled activities of daily living.

Inflammatory mechanisms might be responsible for
shoulder pain too. Data of Savitskaya, et al. [7] indicate
a correlation between VEGF levels and the advanced
stage of the disease proven by power Doppler ultra-
sound.
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In our investigations, we found a tendency for VEGF
levels to decrease during the 3-week inpatient rehabil-
itation. Because of the large standard deviation, no sig-
nificant difference was detectable.

Our findings in the increasing R-Endorphin levels
correlate with the results of the literature, where it was
demonstrated that modalities of physiotherapy can in-
duce B-Endorphin release due to motion exercise [8].

ACTH and R-Endorphin are POMC (pro-opiomelano-
cortin)-derived peptides [9] expressed as prohormones
that are expressed in the adenohypophysis. Stress induc-
es R-Endorphin and ACTH release via POMC cleavage by
corticotropin-releasing hormone which is released under
stress conditions. R-Endorphin release tends to result in
pain relief as could be observed in physical therapy which
leads to endorphin-induced analgesia [8]. Dynorphin is
an endorphin that autoregulatory counter-regulates pain
[10]. In case of a noxa the intracellular Ca?* increase in-
hibits the binding of DREAM (Downstream Regulatory EI-
ement Antagonist Modulator) whereby dynorphin binds
and activates the opioid receptor. Leading to a reduction
of pain transmission thereby a chronification of pain is pre-
vented [11]. Unfortunately, our Dynorphin measurements
showed no statistical change in serum levels.

It is known that Serotonin alterations could be ob-
served in chronic pain patients [12] but our results did
not indicate a clear alteration of serotonin-levels in se-
rum after the 3-weeks rehabilitation program. Compared
with the observational study of Tafelski, et al., we found
no difference neither between the genders nor in depen-
dence on age [13]. Tafelski, et al. found that the difference
of pain-intensity regarding genders is age-dependent. The
older the patients the bigger and more diverse the subjec-
tive experienced pain intensity. Contrary to the common
presumption that women are more sensitive to pain our
results accompany with the findings of Racine, et al. In a
systematic literature review, most of the investigations ob-
served in this review concerning pain in men and women
showed no difference between genders [14].

The shoulder with her very complex structure can be
affected by different disorders. There are existing guide-
lines how to treat shoulder pain [15]. It can be said that
a standard rehabilitation program which consists of vari-
ous therapies and aspects has a positive and sustainable
(up to 6 months) effect on shoulder disorders regarding
pain, sleep quality and disabled shoulder function which
again influences life quality in a positive way and justify
the costs for rehabilitation in the social security system.

Maintaining a full independent life is the aim of a
successful rehabilitation in patients with functional defi-
cits of joint diseases like painful shoulder diseases. The
results point to a quicker return to work after the inpa-
tient rehabilitation stay. So, in painful shoulder diseases
the multidisciplinary rehabilitation program exerts clear
positive effects for health economics. Further research
to the effects and the sustainability of effective rehabil-
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itation program is required.
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