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Introduction

The rotator cuff (RC) mainly contains four muscles and their
tendons: infraspinatus, supraspinatus, teres minor and the
subscapularis [1]. These four muscles and their tendons surround
the shoulder joint [2]. It is a group of muscles start from the
scapular and attach around the humeral head, forming a cuff at the
anatomical neck of the humeral head. The main function of the RC
is to stabilize and activate the glenohumeral joint (ibid). The RC
primarily performs three types of movement: abduction, external
rotation and internal rotation. Previous studies report that there
is no strong evidence that the RC contributes to glenohumeral
movement (ibid). However, there are a large number of published
studies that describe the link between RC and glenohumeral joint
stability [3]. Hence, RC injury can result in loss of stabilization of
the glenohumeral joint. RC tendinopathy (RCT) has been regarded
as a kind of RC injury. RCT is a term used to describe a combination
of pain and weakness in the RC tendon [4]. Also, it can be loosely
described as excessive load resulting in impaired performance of
the RC tendon when experienced with particular movements of the
shoulder [5]. The prevalence of RCT is 14% in the general labor
population [6]. In addition, a number of authors have considered
the prevalence of RCT. It has been reported that prevalence is
19% among all ages (ibid). Therefore, the high prevalence of RCT
cannot be underestimated. The diagnosis of RCT can be measured
by ultrasound and magnetic resonance imaging (MRI). Its diagnosis
also can be considered in association with pain symptoms [7-9].

Pathophysiology

There are many risk factors that can cause RC injuries. These
include glenohumeral joint dynamic instability, joint abnormality
and abnormal shoulder structure [10]. After a RC injury, the
damaged tendon gradually develops microtears, calcification and
fiber vascular proliferation [11]. The pathophysiology of RC injury
can be attributed to the result of series of inflammatory reactions
after soft tissue injury. However, RCT is characterized by different
types of RC tendon injury. Tendinopathy is a common term used
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to describe pathological changes in tendons. Previous research has
established that the pathology of RCT primarily contains intrinsic
mechanisms, extrinsic mechanisms or combined mechanisms
[2-7]. Intrinsic mechanisms can be defined as pathological
changes directly affecting the tendon itself [12]. Excessive load is
an important contributor to RC intrinsic tendinopathy. Healthy
adult’s RC tendons consist of water, collagen, proteoglycan and
glycosaminoglycan [13]. The largest proportion of RC tendon
is type I collagen [14]. The collagen fibers of the tendons are
confluent and form a cuff on the humeral head. It also forms a
five-layer complex near the greater tuberosity. The first to fifth
layers are superficial coracohumeral ligament, the main portion
of tendon complex, dense fascicles, loose connective tissue and
fibrocartilage, respectively. This composite structure seems to
have excellent stability and elasticity. However, according to the
intrinsic theory, the transformation of collagen bundles density
and orientation could result in sheer forces between layers (ibid).
Excessive load can cause changes and result in a strong force in
the tendon. This increases with age and the impact of the disease
can cause degenerative changes which can reduce adaptability
in the tendon. There is an unambiguous relationship between
degenerative changes and increasing age [15]. Excessive load plus
degenerative changes lead to variation in biology and morphology
of the RC tendon (ibid). There is a relatively small body of literature
that is concerned with degenerative changes in RC tendons which
contained calcification, fatty infiltration, tendon thinning and
vascular proliferation [16]. Moreover, in an investigation into
degenerative changes, [17] found that type III collagen has been
increased that could decrease the elasticity of tendon during RC
injury. Extrinsic mechanisms can broadly be defined as RC tendon
injury that is potentially attributed to the friction on impact with
external structures. These structures contain the humeral head
and coracoacromial arch. Numerous studies have attempted to
explain that 95% of RC injury was caused by impingement between
the coracoacromial arch and humeral head [18]. Even in normal
shoulder anatomy, a series of shoulder functions such as elevation
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and abduction can damage the RC tendon. There are a large number
of published studies that describe the link between external
impingement and RCT [19,20]. It has been thought that extrinsic
impingement primarily results in pathological changes near the
glenohumeral joint side of the RC tendon. The causes of intrinsic
and extrinsic mechanisms are different, but both of them lead to
an inflammatory response. After RCT, tendon healing is commonly
divided into three parts [21, 22].

Firstly, the inflammatory phase lasts for one week. During this
phase, vascular permeability increases, lymph and inflammatory
cells flood into the lesion site. Secondly, in the proliferative phase,
the influx of inflammatory cells produces some growth factors
and cytokines which result in recruitment and proliferation of
fibroblasts. Finally, in the remodeling phases, fibroblasts proliferate
and begin to generate, orient, depositand interconnect than become
collagen [23] has shown that intrinsic factors or extrinsic factors
alone do not increase the prevalence of RCT. In total 108 mature
rats were equally divided into three groups: extrinsic compression
group, overuse group and a combination of overuse and extrinsic
compression group. Results from the studies indicated that no
significant differences were found between separate overuse or
extrinsic compression and RCT. Also, a positive correlation was
found between a combination of overuse and extrinsic compression
and RCT. This study suggested thata combination of intrinsic factors
(overuse) and extrinsic factors could increase the possibility of
RCT. However, these results came from study on animals and are
difficult to directly utilize in clinical conditions. This is because
human beings and animals have different anatomical and biological
characteristics.

The Physiological Effects of Eccentric Exercise

Eccentric exercise is a type of muscle action characterized by
contraction of a muscle during its lengthening due to an external
load. To determine the effect of eccentric training, [24]. carried out
an experiment. This study recruited 12 young male soccer players
(mean=26 years) and implemented 3 sets of heels raising eccentric
training twice a day for 12 weeks. Six participants have Achilles
tendinosis and others were healthy one. To evaluate collagen
synthesis and degradation, blood samples were taken 1 week before
and after 12-week eccentric training programme through micro
dialysis technique. Pain visual analogue scale (P-VAS) also was used
to assess the level of pain before and after 12-week training. There
are a large number of publish studies that describe the link between
carboxyterminal propertied of type I collagen (PICP) increasing in
blood and type I collagen synthesis. Also, data from several sources
have identified the increasing carboxyterminal telopeptide region
of type I collagen (ICTP) associated with the degeneration of type
I collagen [25,26]. The findings of this study showed that PICP
increased significantly in the blood after 12 weeks of training in
injured tendon, but not changed in healthy tendon. ICTP have no
significant difference before and after study in both health and
injured. Many recent studies have shown the same findings as [23]
experiment [27,28]. To eliminate bias, this study carried out the
same starting time (9am) and controlled the room temperature
(25 °C). In injured group, the level of pain also reduced after 12

weeks training. Combining the outcomes from blood samples and
P-VAS, this study could provide strong evidence to support the
effectiveness of eccentric exercise. However, although the study
examined plasma concentrations of PICP and ICTP, the changes of
collagen type I formation could not directly be observed. Previous
studies suggested that MRI or ultrasound can observe the changes
in collagen type I formation [29,30]. More medical examinations
should be included in further studies. Also, the population of this
study is professional athletes, instead of ordinary people. It may
reduce the generalizability of this study. Further studies should
focus on the ordinary population and carry out more clinical
examinations.

One of the most influential accounts of eccentric training came
from [31]. The findings of this study demonstrated significant
neovascularization after eccentric training. 22 males and 8 females
with Achilles tendinopathy participated in this investigation.
Ultrasonography and colored Doppler were used to examine the
neovascularization in the tendon before and after intervention.
Participants were asked to complete 12 weeks of knee eccentric
exercise twice per day, seven days per week. The result of this
study indicated that eccentric training is likely to accelerate the
neovascularization. Although this study focused on patients with
Achilles tendinopathy, the benefit of eccentric exercise is likely to
generalize to other tendinopathies, due to the similar anatomical,
physiological and pathological feature of tendinopathies [32].
However, different gender ratios (22 males and 8 females) may
result in bias of experimental outcomes. Compared to women,
men are more likely to regenerate new blood vessels in the tendon
area after eccentric training [33]. This is due to the difference in
the physiological characteristics of men and women. In addition,
there is no control group in this study. Although setting a control
group is not ethically permissible, a control group could reduce co-
intervention bias and make the experimental results more reliable
and valid. A systematic review that is often cited in research on the
effect of eccentric exercise is that of [34] who found that eccentric
training may promote increases in tendon stiffness. This study also
reported that low intensity eccentric exercise is more effective than
concentric exercise for increasing a tendon’s mechanical tension.

» o«

The keywords “eccentric”, “tendon” and “performance” were used
in its search strategy. 40 studies were included and total of 1150
participants (406 women and 744 men) were recruited in this
study. Results of this study found that, compared to concentric
exercise, muscle cross-sectional area (CSA) increases significant
difference after eccentric exercise. Eccentric exercise can promote
more CSA synthesis than concentric exercise [35]. also identified
that increasing number of CSA were beneficial for the stiffness of
tendons. In addition, this study highlighted low intensity eccentric
exercise was beneficial for the maximal tendon force and stress,
instead of high intensity eccentric exercise. The whole design of
this study is rigorous and appropriate, given proper keywords and
suitable search strategy. However, this study carried out narrative
analysis which cannot provide strong evidence for the findings. In
addition, the study recruits healthy participants which may not
demonstrate the effect of eccentric training in clinical condition.
Therefore, these findings should be translated with caution into
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clinical scenarios. Overall, these studies provided relevant evidence
that eccentric exercise promote collagen synthesis, formation
of new blood vessels and increases tendon stiffness. However,
further study should focus on clinical condition and more rigorous
experimental design.

The Effectiveness of Eccentric Exercise

Reported [36] positive correlation between tendon repairing
and supraspinatus and infraspinatus eccentric exercise. Ten middle-
aged (mean age=54) patients with diagnosed RCT were recruited
from two health care clinics. All the patients were provided with
shoulder abduction and external rotation eccentric training which
involved 90 repetitions per day. Shoulder pain was assessed by
visual analogue scale (VAS) after the training programme, which
was believed to be valid and reliable for evaluating level of pain.
According to the result of this study, VAS significantly reduced from
57 to 29. Authors attributed this improvement to healing of tendon.
This hypothesis seems to be consistent with the study of [23]. which
found significantly improved collagen synthesis after eccentric
training. In Susanne’ s study, ten middle-aged participants indicated
small sample size and low generalizability. However, compared to
middle aged people, the synthesis of young people’s collagen is
significantly faster [37-39]. found that insulin-like growth factors
that promote collagen synthesis increased significantly among
young people (mean age =25) compared with elderly people (mean
age 70 years). The design of this study is a single-subject research
design which is appropriate for the study condition. Therefore, the
outcomes produced by middle-aged people as research participants
can be accepted. [40] investigated the effectiveness of eccentric
training comparing with conventional exercise in clinical RCT. 36
patients diagnosed with RCT, were recruited and randomly divided
into eccentric exercise group (20) and conventional exercise group
(16).

The eccentric exercise group (mean age = 50.2) performed
external rotator and abduction exercises for the shoulder. The
conventional exercise group (mean age = 48.9) contained shoulder
shrugs and stretching exercise for the pectoralis. Both groups
completed 12 weeks of daily exercise at home. 14 weeks after
the training programme (26" week), the Constant Murley Score
(CMS) and Pain VAS were applied for measuring shoulder function
and pain. Results of this study indicated that both eccentric and
conventional exercise for the RC area improve significantly in
shoulder function and pain after 26 weeks. The findings from this
study also shown that there is no significant difference between
eccentric training and conventional training for managing shoulder
pain and function after 26 weeks. This study provided 12 weeks
training and follow-up after 26 weeks, giving plenty time to
examine the results. However, single-blinded instead of double-
blinded controlled trial measures were implemented in this study.
This may lead to experimenter bias. In addition, although different
language versions of the CMS showed good reliability and validity
[41, 42], this instrument needs to have established standards [43].
Therefore, this study showed that in the long term, both eccentric
and conventional exercise is beneficial for middle-aged people with
RCT.

There is a published study describing the role of eccentric
exercise for managing RCT [44]. A total of 11 patients with
diagnosed RCT and preparing for arthroscopic subacromial
decompression surgery were recruited in this study. All patients
were randomly divided into 3 groups: control group, concentric
RC exercise group and eccentric RC exercise group. The concentric
group was asked to perform shoulder abduction exercises, 3 sets
of 15 repetitions twice a day from 0° to 90°. The eccentric group
was asked to perform shoulder adduction exercises, 3 sets of 15
repetitions twice a day from 90° to 0°. The control group were asked
to carry out standard practice without normal treatment pathway.
The Oxford shoulder Score and pain Visual Analogue Scale were
used to measure shoulder function and pain at the beginning, after
4 weeks and after 8 weeks. Interestingly, results from this study
did not indicate any statistically significant differences between
all three groups. In addition, two individuals in the eccentric group
determined to cancel the surgery and continue exercise at the end
of study. Compared to [37]. study, a total of 8 weeks length of this
study is relatively short. It may demonstrate that longer study could
result in statistically significant differences [45-47] also found that
a longer follow-up period of eccentric exercise can avoid shoulder
surgery. To compare with eccentric exercise and concentric
exercise, further study design should extend the length of the
experiment or implement a follow-up period. However, 11 patients
is a small sample size which cannot provide strong evidence to
support the outcomes of the study. In addition, although individual
cases show significant improvement and avoid surgery after this
study, this result may not be generalizable. Overall, data from this
study gave no significant differences between concentric exercise
and eccentric exercise on managing RCT. Moreover, short-term
eccentric exercise may not have obvious therapeutic effect. Further
study should collect more samples and extend experimental time.

Conclusion

Overall, the present study was designed to determine the effect
of eccentric exercise. The research findings clearly indicated that
eccentric exercise can promote the synthesis of type I collagen,
accelerate the neovascularization and increase the integrity
of a tendons. The second aim of this study was to investigate
the effectiveness of eccentric exercise on RCT. Generally, the
investigations have shown that, in the long term, eccentric,
concentric and conventional exercise are beneficial for patients
with RCT. Compared to concentric and conventional exercise,
although eccentric exercise may not have obvious therapeutic
effect, evidence indicated that, in the long term, eccentric exercise
should be more effective in managing RCT than other treatments.
However, the findings in this assignment are subject to atleast three
limitations. First, different gender ratio and age stage could lead to
bias. Secondly, small sample size could decrease the generalizability.
Finally, single examinations method and lack of randomization
show that results should be interpreted with caution. Nonetheless,
therapists may still select eccentric exercise or combine them
with other treatment to manage RCT in clinical condition. Further
investigation should increase sample size, balance gender ratio and
use diverse examination methods. Also, it is necessary to determine
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which level of intensity of eccentric exercise is more effective in
treating RCT. In addition, accurate eccentric exercise should be
investigated as the RC contains four muscles.
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