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Abstract

Objective: In this study, in order to establish a more effective therapeutic model for the patients with chronic
rotator cuff tendinosis, the authors attempted to compare the therapeutic effects of general physical therapy,
eccentric contraction exercise, extracorporeal shock wave therapy (ESWT) and their combination for patients with
noncalcific subscapular tendinosis.

Methods: 120 patients with subscapular tendinosis Grade Il tendinopathy were divided randomly into four
groups: I-IV, with 30 patients in each group. In group | (Gl): the patients received conventional rehabilitation
program, which included 20 minute of local hot packs, 15 min interferential electrotherapy and 10 min of passive
range motion exercise three times weekly for 8 weeks; in Group Il: the patients received eccentric contraction
exercise three times per day and a rehabilitation program as in Gl; in Glll: the patients received ESWT therapy
weekly except for a rehabilitation program as in Gl; in GIV: they received three combination therapies including a
conventional rehabilitation program, three rounds of eccentric contraction exercises per day and weekly ESWT for 8
weeks. The outcome measurements include visual analogue pain scale (VAS), range of shoulder motion,
subscapular muscle peak torques, and proprioception of the affected shoulder.

Results: The results showed that the combination therapy group GlI-IV all had more improvement than the
conventional rehabilitation program group |. However, the integrated therapy group IV had the best improvement
over Gll and GlII in pain reduction and improvement of range of motion, proprioception and muscle peak torques.
Additionally, group lll and IV had better improvement of range of motion and muscle peak torques than did GlI.

Conclusion: Eccentric exercise and ESWT had benefit in rehabilitation of patients with noncalcific subscapular
tendinosis, and conventional rehabilitation combined with these two therapies will result in more therapeutic effects.

Keywords: Extracorporeal shock wave; Non-calcific tendinopathy;  factors [8]. Aging can cause a decrease in mean collagen fibril diameter
Eccentric contraction exercise and the size shift may be related to the reduction of mechanical
strength of older tendons [9].

Introduction RC tendinopathy has been classically described as a progressive
disorder of RC tendons that begins with an acute tendinitis, progresses
to tendinosis with degeneration and partial thickness tears, finally
resulting in full thickness rupture [10-11]. The tendinosis is a
degenerative pathological condition with lack of inflammatory change
and failed healing response, with haphazard proliferation of tenocyted,
intracellular abnormalities in tenocytes, disruption of collagen fibers,
and subsequent increase in non-collagenous matrix [11].

Shoulder pain is a common problem with up to half of the
population experiencing this at least once per year [1]. The prevalence
of rotator cuff (RC) disease has been shown to increase as a function of
age starting at 40 years [2-3], and to exceed as much as 50% by the age
of 60 years [4]. The pain and disability resulting from RC disease has
an impact on health-related quality of life [5].

Although the causes of such tendinopathies are still not well known
[6], different intrinsic factors such as anatomical variants, muscle
imbalance, nutrition, age and joint laxity [7], and extrinsic factors such
as occupation, physical load and overuse, technical errors, inadequate
equipment and environmental contributing to the pathologic processes
have been identified. It is recognized that most tendinopathies are
rarely caused by a single factor, and the process that precedes tendon
rupture may result from a variety of different pathways and etiological

The conservative treatment of RC diseases includes exercise alone or
in combination with a multimodal rehabilitation program, which
includes the use of anti-inflammatory drugs, rest and stretching and
strengthening exercises [12]. Regardless of treatment, more than a
third of patients do not have a successful outcome with continuing
persisted pain and disability [13].
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The eccentric contraction training consists of the contraction of a
muscle for controlling or decelerating a load while the muscle and the
tendon are stretching or remaining stretched. Eccentric exercises have
been proposed to promote collagen fiber cross-link formation within
the tendon, thereby facilitating tendon remodeling, and have been
suggested as counteracting the failed healing response that underlies
tendinopathy [14].

It is possible that eccentric contraction exercises do not just exert a
beneficial mechanical effect, but act on pain mediators as well,
decreasing their presence in tendinopathic tendons [15].

The technique has been advocated as a treatment of tendinopathies,
such as chronic Achilles, patellar, lateral humeral epicondylalgia and
rotator cuff tendinopathy [16-18].

Extracorporeal shockwave therapy has emerged as an alternative
therapy either when conservative treatment fails or when introduced
prior to invasive procedures for rotator cuff disease, and its efficacy and
low morbidity is well demonstrated [19-23].

It is thought that hyperstimulation analgesia can be achieved with
energy densities that are lower than those required to disintegrate
calcific deposits, and another rationale for use of shock wave for
noncalcific RC tendinopathy relates to the suggestion that pain is
caused by hypovascular change [24].

Shock wave therapy can decrease pain by increasing
neovascularization and improving tissue regeneration [25-26].

Though the most common site of calcific deposits in rotator cuff
tendinopathy diagnosed by plain radiography and sonography is
revealed to be supraspinatus, the second site is subscapularis and the
tertiary site then infraspinatus as reported by Goft [27], the same
incidence of initial noncalcific tendinopathy has been reported by Kim
[28].

However, the secondary site tendinosis has high prevalence in aging
which makes it hard for dressing and solid application of hygiene
practice in daily activity while the internal rotation of movement
needed.

There were many clinical reports related to the effects of ESWT or
eccentric exercise for rotator cuff tendinosis included supraspinatus
[29-32], infraspinatus [33] and subacromial impingement syndrome
[34]. However, there was few report related with subscapular
tendinosis.

In order to establish a more effective therapeutic model for patients
with chronic tendinosis, in the present study, the authors attempted to
compare the therapeutic effects of conventional rehabilitation,
eccentric contraction exercise, shock wave therapy and their
combination for patients with chronic subscapular tendinosis.

Materials and Methods

120 patients with subscapular tendinosis Grade II tendinopathy
according to high-definition ultrasound classification [35] were
recruited from the clinic of the department of Rehabilitation
Kaohsiung Medical University Hospital, Taiwan.

All participants gave informed consent for the study, and the study
protocol was approved by the Ethical Review Committee of Kaohsiung
Medical University.

Patients with previous humerus fracture, or other rotator cuft
tendinopathy or adhesive capsulitis were excluded. The patients were
divided randomly into four groups: I-IV, 30 patients in each group. In
group I (GI): the patients received traditional rehabilitation program,
which included 20 min of local hot pack s, 15 min of interferential
electrotherapy and 10 min of passive range motion exercise three times
weekly for 8 weeks; in Group II: the patients received three rounds of
eccentric contraction exercises per day for 8 weeks and a conventional
rehabilitation program as in GI; in GIIIL the patients received ESWT
therapy weekly and a conventional rehabilitation program as in GI; in
GIV: the patients received three combination therapies including the
conventional rehabilitation program, three rounds of eccentric
contraction exercises per day and weekly shock wave therapy for 8
weeks.

The outcome measurements include the visual analogue pain scale
(VAS), range of shoulder motion, subscapular muscle peak torques,
and proprioception of the affected shoulder. The measurements were
performed before and after treatment and at follow-up 3 months later.

Sonography assessments of the shoulder

The procedure protocol was fixed and performed by a single
physiatrist. The data were recorded from the left shoulder then the
right shoulder on a specific data collection sheet. The ultrasound
examination was performed using an ultrasound machine with 10-16
MHz linear probe.

The protocol for ultrasound examination of the shoulder is laid out
below, and is based upon the recommendation of the Nuffield
orthopedic centre musculoskeletal radiology unit protocol [36].

It is performed from standing behind the patient who seated on a
stool to allow easy movement of the arm. For further confirmation of
the subject with subscapular tendinopathy only, the biceps and
supraspinatus were routinely surveyed to exclude the subjects with
combined tendinopathy.

Examination of long head of biceps: The hand is placed on the thigh
with the palm facing upwards. The biceps tendon is found in the
intertubercular groove of the humerus. Comment is made on the
presence of the tendon, any fluid surrounding the tendon and the
stability of the tendon in the grove when the arm is externally rotated.

Examination of subscapularis: With the arm maximally externally
rotated the subscapularis tendon is viewed in the transverse and
longitudinal planes from its insertion on the lesser tuberosity to the
point at which it becomes hidden behind the coracoid process.

The quality of the tendon and the presence/absence of a full
thickness tear are noted.

Examination of the supraspinatus tendon: The subject’s hand is
placed on their back with the palm facing the lumbar spine. This
extends and internally rotates the shoulder bringing the tendon out
from underneath the acromion where it can now be visualized using
ultrasound.

The tendon is examined anteriorly in a near sagittal plane as it
inserts into the greater tuberosity, and in the transverse plane from the
leading edge backward. Any fluid in the overlying bursa is commented
upon, along with tendon quality and presence of full-thickness tear. If a
full thickness tear is present this is measured on the transverse view,
and recorded in cm.
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Radiographic assessments of the shoulder

All patients underwent affected shoulder radiographic images at
anterior-posterior view, and axillary view. These images were
optimized for evaluation of bony structures and their related position
deviated by the rotator cuff tendinopathy.

Shoulder ROM measurement

A goniometer was used to measure the cervical active ROM
(AROM); the patients were seated in a chair in an upright position and
did some warm-up exercises before measurement.

Using a universal goniometer, the examiner measured shoulder
AROM in flexion-extension, abduction, external and internal rotation
three times.

Then the mean values of the three measurements of total flexion-
extension, abduction, external and internal rotation were calculated
and recorded. All these clinical measurements were done by one of the
authors, a rehabilitation physician, without any information from the
patients’ radiographs.

Measurement of pain severity

The severity of neck pain was evaluated by the VAS after patients
had remained in a sitting upright posture with back support. The
instrument consisted of horizontal lines 10 cm long, with anchor
points of 0 (no pain) and 10 (maximum pain).

Measurement of muscle peak torque

Isokinetic strength testing was performed using a Kin-Com
dynamometer (Kin-Com 505, Chattanooga, TN, US) before and after
treatment and follow-up. The patient was seated upright on an
adjustable stool with back support and a footrest, tested at 60
degrees/sec in 3 axes of movement: flex/extension, abduction/
adduction, and external/internal rotation. Each person performed 3
maximume-effort shoulder movements, and peak torque was recorded
for each of the three axes of movement.

Measurement of proprioception

Position sense was tested by moving the extremity by passive robotic
control at a constant angular velocity of 2 degrees/second to a
predetermined angle, holding it in that position for 5 seconds, and
then returning to the start position.

The arm was then brought through a similar range of motion until
the patient identified the angle by pressing a button to disengage the
device. An electronic goniometer recorded the actual and perceived
angles. Three trials were performed for each axis.

The eccentric exercise for subscapularis

For set up a more convenience home eccentric exercise program, a
home eccentric contraction exercise program introduced as followed:

The patient was kept in a sitting position with affected shoulder kept
in natural position, with elbow flexion at 90 degrees. The exertional
internal eccentric contraction of subscapular muscle was started from
the position of the fist just over the abdomen and pushing of the fist
externally by the other wrist till the position of fist reached to 90
degrees from the initial position (Figure 1).

Twenty repetitions were performed each time, three rounds per day
at home for 8 weeks.

Figure 1: The eccentric exercise for subscapularis-initial position,
mid position, and end position.

The treatment of extracorporeal shock wave (ESWT)

The patient was kept in a sitting position. ESWT was performed
with a piezoelectric shockwave generator (F10G4 Richard Wolf GmbH,
Knittlingen, Germany).

The dose of ESWT applied was according to the general therapeutic
dose for fibrotic tendinopathy [37], and the level of density depended
on the size of the fibrotic tendon.

In present study, an impulse energy flux density around the average
of 0.27 mJ/mm?2 (ranging from scales of 15-18/20), with frequency
range of 1-8 Hz and a pressure range from 11-82 MPa.
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Patients in Group II and IV received ESWT 1000 impulses for
subscapular tendon weekly for 8 weeks. The location and the depth of
the probe of shock wave applied were guided by X-ray image and
sonography.

Statistical analysis

A paired Student’s t-test was used to study the changes in ROM,
VAS, MPT and Proprioception in each group immediately after
treatment and at follow-up 3 months later compared to initial
respectively. A one-way ANOVA with the Tukey test was used to
compare the differences in ROM, VAS, MPT and proprioception
between treated groups. A statistically significant difference was
defined as p <0.05.

Results

Improvement of active range of motion (ROM)

The changes of active range of motion (internal plus external
rotation) of the shoulder are showed in Table 1. The average active
range motion of affected shoulders was improved in each group after
treatment, and combination therapy group GII-IV showed more
improvement than the conventional rehabilitation group 1. However,
the integrated therapy group IV had better improvement than GII and
GIII and shock wave therapy group III was better than eccentric
therapy group GIL

Improvement of affected shoulder pain

The changes of the shoulder pain are showed in Table 2. The average
VAS pain score of the affected shoulder were improved in each group
after treatment, and additional therapy group GII-IV had more
improvement than traditional therapy group I. Furthermore, the
integrated therapy group IV had better improvement than GII and
GIII and shock wave therapy group III showed better improvement
than eccentric therapy group GII.

Changes of muscle peak torque (MPT) of internal/
external rotation of shoulder

The changes of the muscle peak toques are showed in Table 3. The
average MPT of the affected shoulder was improved in each group after
treatment, and combination therapy group GII-IV had more
improvement than traditional therapy group I. However, the integrated
therapy group IV had best improvement over those in GII and GIII,
and subjects in shock wave therapy group III had better improvement
than those in eccentric therapy group GIL

The changes of proprioception of shoulder

The changes of proprioception of shoulder before and after
treatment, and follow-up are showed in Table 4. The average
proprioception of the affected shoulder was improved in each group
after treatment, and combination therapy group GII-IV had more
improvement than traditional therapy group I. However, the patients
with eccentric exercise in II and IV showed better improvement than
those in GI and GIII.

Discussion

Non-calcified tendinopathy generally includes degenerative
processes determining tendinosis and partial tendon ruptures not
eligible for surgery. The degenerative processes suffered by the muscles
and tendons over the course of several years result in functional and
structural disorders. Comparing the therapy effects in GI with GII, and
GIII with GIV, the active ROM, pain severity, MPT and proprioception
are more improved in GII than GI, and GIV than GIII as shown in
Tables 1-4. This implies that eccentric exercises have significant effects

for management of RC disease.

I (n=30) I (n=30) | M(n=30) IV(n=30)
Before 119 £ 10 1M19+12 | 1M8+12 120 £ 14
After 128+ 12" 138 £16° | 143£12" 160 £ 17"
Follow-up 130+ 12 145 £ 16t | 150+12 165 £17%

*:Significant difference of ROM in each group after treatment (p<0.05)

t:Significant difference of ROM of each group compared with the control group

at various time periods (p<0.05)

1: Significant difference compared with other treated groups (p<0.05)

(): The number of knees in each group at various time periods

Table 1: The average ROM (internal plus external rotation) of
shoulders in each subject group before and after treatment, and at
follow-up. (Mean + S.D).

1(n=30) 11 (n=30) | M(n=30) IV(n=30)
Before 67+13 |64+14 |66215 6.5+1.4
After 50+13 |38+1.3 |[36+07  |23:06%
Follow-up 3513 [26£13 |21106 15%0.7F

*: Significant difference of VAS scored after treatment in each group (p<0.05)

1: Significant difference of VAS of each group compared with the control group

at various time periods (p<0.05)

1: Significant difference compared with other treated groups (p<0.05)

(): The number of knees in each group at various time periods

Table 2: The average VAS score of shoulder pain in each group before
and after treatment, and at follow-up (Mean + S.D).

1 (n=30) Il (n=30) 1l (n=30) IV (n=30)
60°(In/ Before 68.9+8.0 | 67.1+7.1 69.3+6.6 66.9 £ 6.2
Con)
After 76.1 +| 827 + 8.2 88.1+7.3"t | 98.2+9.0°tt
6.7* *t
Follow- | 77.1+51|857+82 |93.1+7.3 104.2 £9.0%
up
60°(In/ Before 84.7+6.9|835+7.1 84.6+84 85.1+5.8
Ecc)
After 93.3+5.7 | 98.9 +| 107.4 +| 119.5 + 5.6*t
5.7*t 5.3*t b
Follow- | 95.3+5.7| 10569+5.7 | 1154+53 | 1255+561%
up
60°(Ex/ Before 68.1+7.1|655+6.3 |67.3+£59 64.6+7.7
Con)
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After 736+6.1| 776 + 73| 851+64*F | 91.6 +6.3*1%
*t
Follow- | 73.2+8.1|826+7.3 |90.1+6.4 99.6 + 6.3t
up
60°(Ex/ Before 740+73|698+72 |751+6.6 70.7+8.0
Ecc)
After 788+7.1| 84.9 +| 86.7 £5.9*t | 92.8 £ 6.7*tf
8.4*t
Follow- | 76.8+4.1|789+84 |90.7+59 97.8+6.7%
up

*: Significant difference of peak torque in each group after treatment (p<0.05)

1: Significant difference of peak torque in each group compared with the control
at various time periods ( p<0.05)

I: Significant difference compared with other treated groups (p<0.05)

(): The number of knees in each group at various time periods

Table 3: The mean peak torque of shoulder internal/external (Ex/In)
rotation in concentric and eccentric contraction at 60°/second in each
group before and after treatment, and at follow-up (Nm).

I (n=30) 1l (n=30) 1ll(n=30) IV(n=30)
Before 7.741.2 7.9+1.8 7816 8.1%15
After 6.3+1.2 4.741.2% 5.0£1.7* 3.8+1.0"F
Follow-up 5.3%1.2 3.9+1.2 4341.7¢ 3.2+1.0%

*: Significant difference of angle in each group after treatment (p<0.05)

1: Significant difference of angle of each group compared with the control group
at various time periods (p<0.05)

I: Significant difference compared with other treated groups (p<0.05)

(): the number of knees in each group at various time periods

Table 4: The degree of angle difference to research a target angle of
shoulders in each group before and after treatment (mean + S.D).

Three basic principles in an eccentric loading regime have been
proposed including: first, the length of tendon: the tendon length
increases when the tendon is pre-stretched, and less strain will happen
on the tendon during movement; secondly is load: the strength of the
tendon should increase by progressively increasing the load exerted on
the tendon; and thirdly is speed: by increasing the speed of
contraction, a greater force will be developed [38]. Possible mechanism
that might explain the efficacy of eccentric loading include: firstly, the
high -frequency oscillations in tendon force produced by eccentric
contractions, the fluctuations in force may provide an important
stimulus for the remodeling of the tendon [38]; second, the increase in
fibroblast activity, acceleration of collagen formation, increase in type I
collagen, collagen organization/alignment (remodeling of the tendon)
[38-39] by muscular lengthening (stretching) and increase in the
number of sarcomeres in series [40]; third, traction and consequent
disappearance of neovessels [41] that lead to a lack of perfusion
produced by the tendinosis. The therapeutic effects of eccentric
contraction may be mediated through decreasing pathological
increased capillary tendon flow without deterioration of local tendon
microcirculation, but more evidence is warranted; and neuromuscular
benefits through central adaptations and pain habituation may be
considered. In many eccentric exercise studies, a weight or resistance
band was used for eccentric exercise performance. For more

convenience and practical for patients to performance the eccentric
exercise anytime and anywhere without any equipment, a self-serial
eccentric exercise was prescribed as shown in Figure 1. From the
positive findings of presented study, the self-eccentric home exercise
may be applied to other rotator cuff tendinopahty.

The mechanism of shockwave therapy is still not completely clear.
The potential mechanisms of beneficial of ESWT was studied,
including direct tissue trauma and cavitation, altered cell-membrane
permeability, direct effect on nociceptors and peripheral nerve
stimulation. Direct tissue trauma can have mechanical and chemical
effects, the proposed beneficial effects showed it could cause the
transient inflammatory response, disintegration of calcium and
stimulation of tissue healing. Some studies investigated the effect in
animal experiments had demonstrated that shockwave therapy
enhance the angiogenesis-related factors (e.g., eNOS, VEGF and
PCNA) which could induces neovascularization [42]. The results could
early induce tendon healing after injury. Besides, the shock wave
energy had impact force to destroy and clean the mucoid substance
which formed followed repeated microtrauma or inflammation, and
disturbed the healing of tendon or ligament injury. In our previous
study, we had performed shock wave therapy on the rehabilitation of
patients with knee osteoarthritis and cyamella formation over popliteal
fossa, it showed significant effect on knee OA rehabilitation, and
rehabilitation of cervical spondylosis patients with nuchal ligament
calcification [43-44]. In present study, we try to apply ESWT on non-
calcific subscapular tendinosis.

Comparing the therapeutic effects in GI with GIII, and GII with
GIV, the active ROM, pain severity, MPT and proprioception more
improved in GIII than G I, and GIV than GIL It implied that shock
wave therapy had significant effects for management of non-calcific
subscapular tendinopahty.

However, the clinical efficacy of ESWT in non-calcific tendinopathy
is controversial. Some authors show that ESWT is not effective in these
cases [31]. On the other hand, good results have been presented by
Galasso [32] that analyzed the effect of ESWT in patients with non-
calcific tendinopathy of the supraspinatus and affected by subacromial
impingement syndromes stages I and II according to Neer by low
energy ESWT [37]. The present results were compatible with these
reports which implied that the effects of ESWT for tendinopahty are
dose depended, in non-calcific tendinopahty, a low energy ESWT is
more appropriated.

Beside, ESWT could be a valuable tool to relax the tightness of
disorganization of the tendon fiber bundles and increase the range of
motion of affected shoulder immediately after treatment as results
showed in Table 1, and resulted more pain reduction in GIII and GIV
at follow-up as showed in Table 2, and more MPT improvement in
GIII and GIV at follow-up as showed in Table 3. ESWT could have a
complementary role in the treatment of chronic RC tendinopathy.

Comparing the combination therapeutic groups II-IV, it showed
that combing eccentric exercise and ESWT with traditional
rehabilitation program got most therapeutic effects for noncalcific RC
disease. It implied that after the shock wave energy impact force to
destroy and clean the mucoid substance which formed followed
repeated microtrauma or inflammation, and disturbed the healing of
tendon, followed by the high-frequency oscillations in tendon force
produced by eccentric contractions, provide an important stimulus for
the remodeling of the tendon and increase in fibroblast activity,
acceleration of collagen formation. The present integrated therapy for
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noncalcific RC disease results in more functional improvement
included MPT and proprioception except pain reduction and range
motion of the shoulder.

The limitation of the study was that the subjects recruited only
focuses on patients with subscapular tendinosis Grade II tendinopathy
according to high definition ultrasound classification. Multiple rotator
cuff tendinopathy, more severe tendinopathy or calcific tendinopathy
tried by the integrated therapy were warranted in the future.

In Conclusion, eccentric exercise and ESWT had benefit in
rehabilitation of patients with noncalcific subscapular tendinosis, and
conventional rehabilitation combined with these two therapies will
result in more therapeutic effects.
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