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Abstract

Purpose To investigate the effectiveness of isolated eccen-
tric versus conventional exercise therapy in patients with
rotator cuff tendinopathy.

Methods Thirty-six patients with rotator cuff tendinopa-
thy, diagnosed by an orthopaedic surgeon, were included
and randomly allocated to an isolated eccentric exer-
cise (EE) group (n = 20, mean age = 50.2 £ 10.8 years)
or a conventional exercise (CG) group (n = 16, mean
age = 48.6 £ 12.3 years). Both groups fulfilled a 12-week
daily home-based exercise programme and received a total
amount of nine treatment sessions. The Constant Murley
score was used to evaluate both objective (e.g. range of
motion and strength) and subjective measures (e.g. pain
and activities of daily living). A visual analogue scale
(VAS) was used to evaluate pain during daily activities.
As secondary outcomes, shoulder range of motion and iso-
metric abduction strength in 45° in the scapular plane were
evaluated. All measurements were taken at baseline, at 6,
12 and 26 weeks.

Results After 26 weeks, both groups showed a significant
increase in the Constant Murley score and a significant
decrease in VAS scores. No difference was found between
the groups, for any of the evaluated outcome measures.
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Conclusion A 12-week-isolated eccentric training pro-
gramme of the rotator cuff is beneficial for shoulder func-
tion and pain after 26 weeks in patients with rotator cuff
tendinopathy. However, it is no more beneficial than a
conventional exercise programme for the rotator cuff and
scapular muscles. Based on the results, clinicians should
take into account that performing two eccentric exercises
twice a day is as effective as performing six concentric/
eccentric exercises once a day in patients with rotator cuff
tendinopathy.

Keywords Rotator cuff tendinopathy, subacromial
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Introduction

Shoulder pain is a common complaint in primary care in
the Netherlands. The incidence has been estimated to be 19
per 1000 persons per year [14].

Rotator cuff tendinopathy (RC tendinopathy) is often
referred to as ‘“‘subacromial impingement syndrome”,
which is a commonly used term for patients presenting
with anterior shoulder pain [19]. Neer introduced the term
impingement in the early 70s in order to describe a clini-
cal condition in which shoulder pain was believed to derive
from bony compression of the tendons of the rotator cuff
(RC) and bursa in the subacromial space [2]. However,
in recent literature, several authors recommend to use the
term “anterior shoulder pain” or “subacromial pain syn-
drome” (SAPS) instead of impingement, since the anatomi-
cal explanation seems insufficient to describe this painful,
complex condition that involves both intrinsic and extrinsic
mechanisms of RC tendinopathy [5, 11, 18].
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Extrinsic mechanisms of RC tendinopathy in the pain-
ful shoulder consist of both anatomical and biomechanical
factors [13]. Anatomical factors are decreased acromio-
humeral distance, shape of the acromion, presence of large
subacromial spurs, thickening of the coracoacromial liga-
ment and arthritic changes in the acromioclavicular joint
[2,23].

Biomechanical factors are changes in glenohumeral and
scapula-thoracic muscle performance, altered shoulder kin-
ematics, poor posture, tightness of posterior shoulder tis-
sues and the pectoralis minor muscle [7, 20], and myofas-
cial trigger points associated with altered kinematics of the
glenohumeral and scapula-thoracic joint [6].

Intrinsic mechanisms of RC tendinopathy comprise
tendon morphology and performance that might result in
degeneration, poor vascularity, altered biology and inferior
mechanical properties [26, 30]. Both extrinsic and intrin-
sic mechanisms can overlap, particularly in patients with
chronic RC tendinopathy. For example, patients with an
intrinsic RC tendinopathy based on degenerative changes
may develop decreased RC and scapular muscle perfor-
mance and altered kinematics in the glenohumeral and
scapula-thoracic joints [30].

Exercise therapy is an accepted treatment for patients
with various tendinopathies [15, 22]. Previous studies have
shown that eccentric training was effective in terms of
symptom reduction and improved function in patients with
Achilles and patellar tendinopathy, but it may also restore
tendon tissue structure [1, 24]. Moreover, recent literature
concerning Achilles tendinopathy indicates that one of the
underlying potential mechanisms for eccentric training is a
change in neuromuscular output [25]. The changes neces-
sary for benefit may include increased muscle tendon unit
stiffness, increased strength and shifts in the length ten-
sion curve. It is possible that these neuromuscular changes
reduce the load on the tendon by “smoothing muscle con-
tractions” (force fluctuations) and thereby reduce maxi-
mal or accumulative tendon strain. This may affect tendon
homeostasis [25].

Several studies have investigated the effectiveness of
eccentric training in patients with RC tendinopathy, but
to our knowledge none of these studies used an isolated
eccentric exercise (EE) protocol compared with a control
group. Moreover, none of the previous studies followed the
participants for more than 12 weeks. Therefore, we investi-
gated whether isolated eccentric training of the RC could be
more effective than conventional exercises in patients with
RC tendinopathy with a long-term follow-up of 26 weeks.
The aim of this study was to compare the effectiveness
of an isolated eccentric training programme combined
with stretching with a conventional exercise programme,
including scapular stabilization exercises, concentric RC
strengthening exercises and stretching. It was hypothesized
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that eccentric training would be of superior value compared
to conventional exercises in this population.

Materials and methods

This study was a prospective randomized participant
(single)-blinded controlled trial. Randomization was per-
formed by an independent statistician before hand using a
computer generated randomization table. Equal numbers
of the two treatment groups were then concealed in opaque
envelopes. After inclusion and baseline assessment by
the principal investigator (BD), an independent employee
chose an envelope to randomly allocate the participant to
one of the two treatment groups and handed the concealed
envelop to the supervising therapist. Data collection and
treatment sessions were performed by the principle inves-
tigator (BD), who has 17 years of experience in musculo-
skeletal rehabilitation and who was not blinded for group
allocation at the Sports Medical Center Papendal, Arn-
hem, the Netherlands. Analysis of data was performed by a
blinded researcher. Written informed consent was acquired
for all participants prior to their participation. The study
protocol was approved by the Regional Ethical Committee
(Independent Review Board Nijmegen) 2007/174.

Study population

Participants were recruited from the orthopaedic depart-
ment, Rijnstate Hospital, Arnhem, the Netherlands. Ini-
tially, they were referred by their general practitioner.
At Rijnstate Hospital, they attended a multidisciplinary
shoulder consultation during which they were successively
assessed by a physiotherapist and an orthopaedic surgeon.
After this consultation, the participants were referred to
a musculoskeletal radiologist for X-rays and ultrasound
imaging using previously reported protocols [29]. Partici-
pants suspected with RC tendinopathy were subsequently
referred to the principal investigator (BD), who screened
them for their eligibility. The inclusion and exclusion crite-
ria are presented in Table 1.

Intervention

All the participants of both treatment groups performed
the exercises at home on a daily basis for a total of
12 weeks. In concurrence with protocols of previous
literature, the EE group performed two different exer-
cises twice a day [16, 17]. In order to minimize differ-
ences in the total amount of exercises/repetitions, the
control group (CG) performed eight different exercises
once daily. Both groups attended one physiotherapy ses-
sion per week during the first 6 weeks and three sessions
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Table 1 Inclusion and
exclusion criteria

Inclusion criteria

Exclusion criteria

Unilateral subacromial pain for at least 3 months

18-65 years of age
Both genders

Two out of three positive impingement tests.

Subjective feeling of instability and positive appre-
hension sign

Positive scapular assistance and/or resistance test
Partial or full ruptures of the rotator cuff
Calcifications greater than 4 mm?*

(empty-can test, Hawkins—Kennedy test, modified

Neer test)

Acromion type III (according to Bigliani criteria)®
Bursitis®

History of shoulder fracture and/or shoulder surgery
Cervical radiculopathy

Adhesive capsulitis

Systemic diseases

Corticosteroid injection 3 months prior to inclusion

* Diagnosed by X-ray or ultrasound imaging

during the last 6 weeks. The content of these physiother-
apy sessions was similar for both groups and solely con-
sisted of rehearsing the exercises and adjusting the load
if possible. After 12 weeks, both groups were instructed
to cease the exercises and return to perform their habitual
daily activities.

The EE group performed two exercises. First, a supine
lying eccentric exercise for the external rotators, with
an elastic band (Duraband, Servofit) wrapped around
the homolateral foot at one side and held by the patient’s
hand. The shoulder was in 90° of abduction and external
rotation. The participant was then asked to bend the knee,
externally rotate the shoulder, and subsequently to extend
the knee and to internally rotate the forearm at a speed of
6-8 s (s) per repetition. Secondly, participants performed
an empty-can abduction exercise in the scapular plane. Par-
ticipants elevated their arm passively with a pulley until
90° of abduction. Then, they were asked to lower their arm
actively at a speed of 6-8 s per repetition. Pain during the
exercise was accepted if it did not exceed a pain score of
5 on a 0-10 numerical pain rating scale [16]. If exercises
could be performed without pain, load was increased by
adding a dumbbell weight of 1 kg. In addition to the eccen-
tric strengthening exercises, participants from the EE group
performed stretching exercises for the pectoralis minor
muscle and the cross-body adduction stretch for the poste-
rior shoulder muscles and capsular structures (which were
similar to the CG) [10].

The exercises of the CG group consisted of a dumbbell
full-can abduction exercise in the scapular plane until 90°
of abduction, external and internal rotation in 0° of abduc-
tion using an elastic band (Duraband, Servofit), shoulder
shrugs, knee push-up with a plus, prone horizontal abduc-
tion with external rotation, stretching exercises for the

pectoralis muscles and the cross-body adduction stretch
[10, 12].

Both groups completed a daily journal to record their
pain on a numeric pain rating scale (NPRS; range 0-10),
their training compliance and/or any remarks on the exer-
cises. Initially, exercises were performed in both groups
with three sets of eight repetitions. The load was changed
by first increasing the number of repetitions (to a maximum
of 15 repetitions) and then subsequently by increasing
resistance of the elastic band or dumbbell [17].

Outcome measures

The primary outcome measure was shoulder function as
measured with the CM score [9]. The CM score has four
subscales: pain (15 points), activities of daily living (20
points), range of motion (ROM) (40 points) and strength
(25 points). The maximum CM score is 100 points, indi-
cating excellent shoulder function. Research has shown
that the CM score can be used in clinical and research set-
tings and has acceptable reliability (Spearman’s p > 0.90)
[28]. However, Rocourt et al. [27] stated that this is not
unconditionally.

Average pain during daily activities was measured with
the visual analogue scale (VAS), which is a 100-mm hori-
zontal line with two anchors. The left anchor represents
“no pain at all”, whereas the right anchor represents “the
most severe pain”. The VAS is a reliable form of measuring
patient’s perceived pain level (intraclass correlation coeffi-
cient [ICC] 0.97-0.99) [31].

Other outcome measures were ROM for active forward
flexion—elevation, abduction—elevation, external rotation
and isometric strength measurements of the shoulder abduc-
tors. For ROM measurements, participants were seated in an
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active upright position without back support, with their feet
on the ground and they were asked to move their humerus
to the maximal range as outlined above. A goniometer was
placed after the movement was performed and end-range
was achieved. During abduction—elevation, the goniom-
eter was placed at the lateral margin of the spina scapulae.
The stationary arm was aligned parallel to the spine and the
moving arm along the shaft of the humerus. During forward
flexion—elevation, the goniometer was placed at the greater
tuberosity. The stationary arm was aligned parallel to the
spine and the moving arm along the shaft of the humerus.
During external rotation, the olecranon was used as punc-
tum fixum. The humerus was positioned at 0° of abduction.
The goniometer then was cantered at the olecranon with the
moving arm aligned with the shaft of the ulna and the sta-
tionary arm held in the sagittal plane.

Isometric strength of the shoulder abductors measured
with a hand-held dynamometer (HHD; CompuFET; Hog-
gan Health Industries Inc, UT, USA) according to a previ-
ously reported method [21] and using the “make test” [8].
During this reliable measurement (ICC > 0.94) [3], par-
ticipants were seated on a treatment bench, without back
support and with their feet on the ground. They grasped
the under surface of the treatment bench with their con-
tralateral hand. The HHD was then placed distally on the
humerus, and participants were asked to abduct their shoul-
der to 45° in the scapular plane [21]. A maximal voluntary
contraction was asked during 5 s, three times in succession
with a 30 s rest interval between each repetition. Peak force
of each trial was registered, and the average of three tri-
als was used for data analysis [21]. All outcome measures
were performed at baseline, and after 6, 12 and 26 weeks.

This study protocol has been approved by the Independ-
ent Review Board Nijmegen, Regional Ethical Committee
(registration number CMO/2007/174) and was registered in
the Dutch Trial Register (number: NTR 4427).

Statistical analysis

Data were analysed on intention-to-treat basis, and miss-
ing data were imputed using the last value carried forward
method. Continuous data were checked for normal distribu-
tion using PP plots and the Shapiro—Wilk test. Differences
in baseline characteristics were analysed with an inde-
pendent ¢ test for continuous data and the Fisher exact test
for nominal data. Differences in the CM and VAS scores
from baseline to 26-week follow-up were analysed using
a two-way repeated measures analysis of variance (treat-
ment X time), with duration of symptoms as a covariate.
As Mauchly’s test of sphericity was violated, the Green-
house—Geisser correction was used. Post hoc analyses were
performed to investigate the progression of the CM and
VAS over time, using Bonferroni corrections. Differences
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in ROM and isometric strength values at 26 weeks were
analysed with a paired ¢ test for differences within each
group and an independent ¢ test for differences between the
groups. All statistical analyses were performed with SPSS
22.0, with statistical significance set at « = 0.05.

Sample size calculation

Previous research has shown a mean increase of 15 points
on the Constant Murley (CM) score following a 12-week
eccentric exercise programme for the RC [16, 17]. Sample
size was calculated a priori, using G*Power 3.1. Assum-
ing o (two-sided) = 0.05 and 1—8 = 0.80, fourteen par-
ticipants were required in each group in order to detect a
difference of 15 points on the CM score between the two
groups.

Results

A flow diagram of the study participants, showing the
inclusion process, is demonstrated in Fig. 1. A total of 41
participants were screened for eligibility, of which five did
not meet the inclusion criteria. Thirty-six participants were
randomly allocated to either the EE group (n = 20) or the
CG group (n = 16). After 6 weeks, 36 patients were reas-
sessed. Thirty-four participants completed the 12-week and
26-week follow-up measurements (EE group: n = 19; CG
group: n = 15). Reasons for discontinuing the study were a
severe car accident (n = 1) and lack of time (n = 1). These
two patients did not attend the last three therapy sessions.
Missing data for these participants were handled using the
last value carried forward method. The compliance rate of
the performed home exercise programme for the EE group
was 92 % and for the CG group 91 %.

Baseline characteristics of both groups are shown in
Table 2. No significant differences were found between the
groups for any of the baseline variables measured.

Table 3 shows the mean =+ SD values of the main outcome
parameters CM and VAS over time. After 26 weeks, the CM
score was significantly increased in both exercise groups
(EE: 14.4 points, P < 0.001 and CG: 9.8 points, P < 0.001).
However, no significant difference was found between these
2 groups (4.6 points, n.s.; see Fig. 2a). Furthermore, the VAS
score significantly decreased in both groups from baseline to
26 weeks (EE: —19.9 mm, P < 0.001 and CG: —22.3 mm,
P < 0.0001), but there was no significant difference between
these groups (2.4 mm, n.s.; see Fig. 2b). This indicates that
both treatment programmes yield similar improvements
from baseline to 26 weeks.

Post hoc analyses showed a significant improvement
in the CM score in the EE group between 6 and 12 weeks
(78.4 vs. 87.3, P < 0.001), whereas the CG group showed
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Assessed for eligibility (n =41)

Excluded (n =5)
+ Not meeting inclusion criteria (n = 5)

Randomized (n = 36)

A&

Y [ Allocation ] A4
Allocated to eccentric exercise group (n = 20) Allocated to conventional exercise group (n =
+ Received allocated intervention (n= 20) 16)
+ Received allocated intervention (n = 16)
v [ 6 week follow-up ]
S J
Lost to follow-up (n= 0) Lost to follow-up (n = 0)
Discontinued intervention (n = 0) Discontinued intervention (n = 0)
v [ 12 week follow-up ] v
o J
Lost to follow-up (n = 1) Lost to follow-up (n = 1)
+ Severe car accident (n = 1) + Lack of time (n = 1)
v [ 26 week follow-up]

J

Lost to follow-up (n = 1)

+ Severe car accident (n = 1)

Lost to follow-up (n = 1)

+ Lack of time (n=1)

Analysis ]

A 4 [
Analysed (n = 20)
+ Excluded from analysis (n = 0); missing data was
imputed using last value carried forward method

Fig. 1 Flow diagram showing inclusion process

Table 2 Baseline characteristics of the study population

EE group (n =20) CG (n =16) P value

Women (%) 10 (50 %) 7 (44 %) n.s.
Age? (years) 50.2 + 10.8 48.6 £12.3 ns.
Duration of symptoms* 16.9 £ 16.8 23.1 £23.8 ns.

(months)

EE eccentric exercise; CG control group; n.s. non significant p value

# Reported as mean £+ SD

Analysed (n=16)
+ Excluded from analysis (n = 0); missing data was
imputed using last value carried forward method

a significant improvement between baseline and 6 weeks
(78.9 vs. 84.9, P = 0.006). For the VAS scores, the post
hoc analyses in the EE group showed a significant
decrease between baseline and 6 weeks (39.0 vs. 23.5 mm,
P = 0.015) and between 6 and 12 weeks (23.5 vs. 9.4 mm,
P = 0.003), whereas no significant difference was found
for any of the post hoc tests for the VAS scores in the CG.
In the EE group, there was a slight deterioration in both
CM (87.3 points vs. 86.9 points) and VAS scores (9.4 mm
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vs. 19.1 mm) between 12 and 26 weeks (Table 3), but this
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abduction and f external rotation (mean and 95 % confidence intervals)

12 weeks of eccentric training of the RC. In contrast to
Jonsson’s study, participants in the current study were
also asked to perform EE for the external rotators of the
shoulder twice daily. Although the decrease in VAS scores
for the EE group of Jonsson’s study was slightly bet-
ter than for our EE group, conclusions should be inter-
preted with caution, as the Jonsson study used a relatively
small sample size (i.e. n = 9) and lacked a control group.
On the contrary, Maenhout et al. [21] investigated the

value of adding 12 weeks of heavy load eccentric train-
ing to resisted internal and external rotation exercises in
61 patients with subacromial pain compared to a control
group. They concluded that adding heavy load eccentric
training to a traditional RC training was not superior to
traditional RC training alone for decreasing pain (VAS)
or improving function (measured with the shoulder pain
and disability index). Finally, Holmgren et al. [16] inves-
tigated the effects of a 12-week-specific EE programme

@ Springer



2058

Knee Surg Sports Traumatol Arthrosc (2017) 25:2051-2059

for the RC and concentric—eccentric exercises for the
scapula stabilizers compared to unspecific movement exer-
cises. In contrast to our study and the study of Maenhout
[21], Holmgren et al. [16] showed a significant between-
group difference for pain and function after 12 weeks in
favour of the eccentric training group. This difference may
be caused by the fact that their control group performed
unspecific exercises such as neck retraction, shoulder
retraction, shoulder abduction and stretching exercises that
do not specifically load the RC.

A strength of this study is that it is the first study assess-
ing patients until 26-week follow-up using an isolated
eccentric training programme.

However, some important limitations should be
addressed. Firstly, the investigator who was responsible
for collecting data was also involved in the treatment of
the study participants. This may have biased the study
results. Secondly, our sample size calculation was based
on an expected difference of 15 points on the CM score,
which was based on the change score reported in two
previous studies [16, 17]. However, Jonsson et al. [17]
did not use any control group in their study, and the
study of Holmgren et al. [16] compared eccentric load-
ing to a control group that did not load the RC. Since
both groups in our study performed RC exercises, the
expected difference of 15 points may have been an over-
estimation and therefore our study may have lacked suf-
ficient power to detect a significant difference between
the groups. Finally, the CM score, which was our pri-
mary outcome measure, shows to have some methodo-
logical flaws. Rocourt et al. [27] state that the major
problem of various CM score protocols used throughout
Europe is the imprecise and different standardization.
Despite these methodological shortcomings, they have
stated that the intratester reliability of the CM score is
acceptable [27].

Conclusion

This study shows that a 12-week-isolated eccentric training
programme of the RC is beneficial for shoulder function
and pain after 26 weeks in patients with RC tendinopathy.
However, it is no more beneficial than a conventional exer-
cise programme for the RC and scapular muscles. Based
on the results, clinicians should take into account that per-
forming two eccentric exercises twice a day is as effective
as performing six concentric/eccentric exercises once a day
in patients with RC tendinopathy.
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